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My  Lk>bi>, 

Whbn  I  inscribe  this  volume  to  your  Lordships  it  is  neitLer 

\A  oiler  the  incense  of  adulation,  which  your  virtues  do  not  need,  and  your 

Tmderatandiiig  would  disdain  ;  nor  to  solicit  the  patronage  of  exalted  rank 

to  a  work,  which  in  this  age  and  nation  must  seek  support  in  scientific 

irihie  alone.     The  present  dedication  is  merely  an  act  of  gratitude,  as 

pure  on  my  part,  as  your  Lordship's  condescension  and  kindness  to  me 

liave  been  g^erous  and  unvarying.   At  my  outset  in  life,  your  Lordship's 

distinguished  fevour  cherished  those  studious  pursuits,  which  have  since 

formed  my  chief  pleasure  and  business ;  and  to  your  Lordship's  hospitatity 

I  owe  the  elegant  retirement,  in  which  many  of  the  following  pages  were 

written.     Happy  would  it  have  been  for  their  readers,  could  I  have 

transftised  into  them  a  portion  of  that  grace  of  diction,  and  elevation  of 

sentiment,  which  I  have  so  often  been  permitted  to  admire  in  your 

Liordahip's  family. 

I  have  the  honour  to  be. 

My  LoBD, 

Your  Lordship's  most  obedient 

And  very  faithful  Servant, 

,  .      ^    :  '-'  ANDREW  URE. 


ADVERTISEMENT. 

ileal  inquiry ;  nay^  hardly  a  trace  of  the  genius  of  discovery^  cnr  of  the 
>me  career  which  it  has  run.  The  unhoped  for^  and  in  too  many 
!cts  unmerited^  suooess  of  this  Dictionary  may  possibly  be  attributed 
le  models  of  inventive  research,  which  I  was  careful  to  transfer  into 
ages  from  the  master-memoirs  of  the  modem  school.  He  who  can 
fmplate  these  without  emotion  need.never  hope  to  emulate  the  achieve- 
s  or  renown  of  their  authors. 

le  same  plan  has  been  pursued  with  regard  to  the  new  additions  just 
!  to  this  work ;  as  the  reader  will  perceive  on  consulting  the  articles 
ric  acid;  Ferrocyanie  acid,  with  the  Ferroprussiates  i  Svlpko-naph" 
lacid;  Sulphovinic ;  Tttanicy  Sie, :  aaslao  Boron;  Brome^  with  its 
ounds;  Cyanogen;  Hydrogen;  Indigo;  Light;  Meteorite j  MoT' 
;  Nickel;  Nitrogen;  Oil  gas;  Oil  of  fFine  ;  PkosphureUed  Hydro^ 
SiUdum;  Sulphurets;  Titanium,  and  many  others.  The  two 
}  now  introduced  under  Equivaljbntb  (Chbmxoal)  will  furnish 
ble  aids  to  the  chemical  student,  affording  him  a  key  to  the  writings 
^rzeliuB,  which  he  might  otherwise  find  unintelligible,  as  also  to  those 
r  chemists  wiio  adopt  hydrogen  for  their  atomie  unity.  My  own 
Lections,  indeed,  are  in  &vour  of  this  scale ;  but  the  oxygen  one  was 
terwoven  with  the  former  editions  of  the  IHotionary  that  I  did  not 
it  expedient  to  eradicate  what  many  of  our  most  eminent  philo6ophers> 
Dr.  Wollaston  at  their  head,  still  prefer.  By  this  means  too  the  three 
iling  atomic  systems  are  laid  before  my  readers, 
ne  may  imagine  that  I  might  have  imitated  other  modem  compilers, 
ave  saved  myself  the  labour  of  canvassing  the  weights  of  many  of  the 
.,  by  adopting  the  numbers  given  by  Dr.  Tliomson  in  his  recent  pub- 
»n  on  the  First  Principles  of  Chemistry.  I  have  examined  this  work 
stttention.  It  displays  the  characteristic  industry  and  ingenuity  of  the 
r.  But  the  never  flEdling  concurrence,  even  to  the  second  or  tliird 
al  place,  of  his  experimental  numbers,  with  the  multiple  numbers  of 
gen — a  general  fact  which  he  seeks  to  establish — appears  to  me  a 
ion  in  practice  far  beyond  the  present  reach  of  human  hands, 
rout's  proposition  of  the  atomic  weights  of  chemical  bodies,  being  all 
pies  of  that  of  hydrogen,  by  a  whole  number,  is  a  very  probable  idea  ; 
e  must  beware  of  suffering  our  h]rpothetical  notions  to  influence  our 
:iation  of  experimental  results.  I  humbly  apprehend  that  Dr.Thom- 
mder  the  power  of  this  illusiouj  has  vitiated  many  of  the  most 
tant  subjects  of  our  science;  of  which,  unexceptionable  and  very 
ig  evidence  will  be  found  under  the  articles  Acid  (Fluoric)  aud 
PHURETTKD  Hydroobn.     Many  of  the  numbers  adopted  by  him 
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cotDCxde  wkh  those  deducible  from  the  prior  resetti^hes  «f  British  and  foreign 
diemiflts.  A  few  lie  has  Mo  donht  rectified  in  the  toune  of  his  numerouB 
trials  of  saline  deoomposkioiis.  I  have  adiMtted  sotue  of  these  into  my 
general  table  of  Salts. 

The  mure  e^xtensive  the  range  whi<^  we  take  among  the  original  me- 
nxmn  of  the  eminent  diemists  of  this  and  the  iivmediately  precednig  age^ 
the  JBore  defects  we  shidl  observe  tn  our  modern  compilations.  The  best 
flfthese^  indeed,  can  be  regarded  merely  as  brief  sumniiries ;  and  tfae  most 
conosaly  methodical  as  a  cetleetion  of  fedts  and  reasonings  broken  dmm 
into  fragments,  €tted  to  a  tesselated  system,  oortainly  ttot  very  Hke  the 
system  of  tisture.  Hence,  the  fermer  collections,  tihoagh  valoable  in  many 
respeets,  will  mever  quench  the  ardent  thirst'Of  knowledge ;  while  the  latter 
can  harAy  fafl  to  perplex  t^e  common  mind.  Moraoiw,  in  many  fields 
of  ^Aanieid  fiterature  the  English  langnage  is  entirely  bomii.  Is  it  to  be 
hdieveA^  that  in  a  country  wheae  the  iron  trade,  if  not  its  sta^,  is  the 
haais^f  all  its  manofeettzres,  there  should  n<lt  exist  cmy  separate  treatise 
Ha  irsR^  itaores,  and  steel?  The  dertnans  possess «bo«t  Mteen  respectable 
worics  on  these  snbjeets.  Tliere  is  no  Enj^iah  beedc  on  metallurgy,  a  busi- 
ness in  an  immense  British  capital  is  engaged,  llie  experienced  chemical 
mannfecturer  laughs,  as  he  well  may,  at  most  of  our  essayists  on  the  che- 
mical arts,  the  processes  prescribed  by  whom^  if  pursued  in  practice, 
would  soon  involve  their  dupes  in  bankruptcy. 

Let  those  who  think  this  censure  too  severe  sedc  for  answers  in  our 
books  to  the  foUowii^  questions  on  the  primary  chemical  art,  the  forma- 
tion of  sulphuric  acid : 

What  is  the  just  quantity  of  sulphur  to  be  burned  daily,  relative  to  the 
capacity  of  the  leaden  chamber  ? 

Whether  is  the  continuous  or  intermitting  combustion  most  pro- 
ductive? 

What  is  the  proper  tempecature  to  be  maintained  in  Ijbe  chamber  ? 

What  are  the  operation  and  effect  of  introducing  steam  ? 

At  wliat  stage  of  the  combustion,  and  to  what  extent,  ought  it  to  be 
admitted? 

To  what  d^ee  of  density  is  it  advantageous  to  carry  the  acid  in  the 
chamber? 

Whether  should  the  sulphur  and  nitre  be  mixed  prior  to  combustion,  or 
the  sulphur  be  set  on  fire  by  itself,  the  nitre  being  placed  in  a  pot  over  its 
ftame? 

Similar  questions,  of  equal  importance,  may  be  put  on  many*other  che- 
mical arts,  of  which  satisfactory  explanations  will  be  vainly  sought  for  in 
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books.  Tkese^  indeed^  present  bat  a  slight  examination  of  the  prindples 
of  the  processes,  if  any  at  all,  and  seldom  or  never  calcalate  pnqportions  or 
resoks.  Asiarasrdatestothearts,  theyare,  itmnstbeooofessed,  here- 
ditary transcriptions. 

To  sapply  sndi  derideraia  in  onr  diemical  literatore  is  an  nndertaking 
peculiarly  arduous,  of  which  the  entire  accomplishment  osnnot  be  expected 
from  a  single  mind.  Yet  diligence  may  do  much ;  and  will  not  be  dis- 
appointed of  its  reward,  though  much  should  remain  undone.  Under  this 
conviction,  I  have  for  many  years  been  collecting  materials  for  such  a  body 
of  chemical  knowledge,  and  having  matured  my  plans,  I  am  now  preparing 
it  for  the  press.  Though  comprehensive,  it  will  not  be  cumbersome ;  for 
it  will  be  so  subdivided  as  to  furmsh  students  with  a  copious  elementary 
text-book;  manufacturers  with  explicit  rules  for  conducting  their  respec- 
tive arts ;  practical  chemists  with  an  ample  tableau  raisonni  of  the  methods 
and  resources  of  analytical  science;  and,  finally,  general  readers  with  de- 
velopments of  natural  phenomena,  presenting  simplified  modes  of  exa- 
mining the  productions  of  nature,  and  of  readily  ascertaining  the  con- 
atituents  of  earthy  mineral  mineral  waters,  ores,  and  soils. 


Glatgaw^  October  30, 1897* 


INTRODUCTION. 


Is  kfak  iJDtrodiictioii  I  ihall  present  »  General  View  of  the  objects  of  dMVuttiy, 
aioDg  vithm  sdMme  for  ooQTeiimg  the  alphabetical  anrangement  adopiad  in  thisTohxme  into 
a  iyMciUBlie  ovder  of  stadj* 

Tbx  ilnns  of  matter  are  numberlen,  and  subject  to  incessant  change.  Amid  all  thia 
ivfetf,  wldcfa  porplezea  die  oommon  mind,  the  eye  of  scioiee  disoens  a  few  anchangeabk 
pmnaiy  bodies,  hy  wbom  redprocsl  actions  and  eombfaiations  this  marvellous  dlveisity  and 
iDtation  of  ezistenee  are  produced  and  maintained.  Tiiese  bodies,  having  resisted  every 
attempt  to  resohre  tbem  into  simpler  forms  of  matter,  are  csScd  trndecompoundedy  and  must 
bengnded  in  die  present  state  of  onr  Imowledge  aa  expetimemttit  elements,  It  is  possible 
that  the  dements  of  nature  are  very  dissimilar;  it  is  probable  that  they  are  altogether 
unknown ;  and  that  Ifaey  are  so  recondite,  as  for  ever  to  dnde  the  sagacity  of  human 


The  primary  substances  whidi  can  be  sobjeeted  to  measurement  and  weight  are  fifty.two 
m  Ronaiber.  To  diese,  some  diemists  add  the  imponderable  elements, — flight,  heat,  elec- 
tricity, and  msigtiftism.     But  their  separate  identity  is  not  dearly  ascertained. 

Of  the  Bfly-two  ponderable  principles,  four,  possibly  five,  require  a  distinct  collocation 
ftora  die  marked  peculiarity  of  their  powers  and  properties.  These  are  named  Chlorine. 
Ox^genj  lodkKy  Ftaorine,  and  Bromine^  These  bodies  disphy  a  pr&.eminent  activity  of 
oomfainatioD,  an  intense  affinity  for  most  of  the  other  fbrty-seven  bodies,  wliidi  they  corrode, 
penetmte,  and  dissolve;  or,  by  uniting  with  diem,  so  impair  didr  cohesive  force,  that  they 
become  fiiaUe,  brittle^  or  sohiUe  in  water,  however  dense,  refiractory,  and  msoluble  they 
peevioudy  woe  Such  dianges,  ftr  example,  are  operated  on  platinum,  gold,  silver,  and 
iron,  by  die  agency  of  chlorine,  oxygen,  or  iodine.  But  die  duractcristic  feature  of  these 
arahea]  dements  is  this,  that  when  a  compound  consisting  of  one  of  them,  and  one  of  the 
odier  ftrty.«even  more  passive  dements,  is  exposed  to  voltaic  dectrisadon,  the  former  is 
onifinmly  evolved  at  the  positive  or  vitzeo-dectiic  pde,  while  die  latter  appears  at  die 
negative  or  ledno-dectric  pole. 

Hie  stBguIar  strength  of  their  attractiotts  ibr  the  odier  shnple  forms  of  matter  is  also 
maoilssled  by  the  production  of  heat  and  light,  or  die  phenomenon  of  combustion,  at  the 
iasbnt  of  didr  mutual  oombinaticn.  But  this  phenomenon  is  not  diarscteristic ;  for  it 
is  neither  peculiar  nor  necessary  to  dieir  action,  and,  dierefore,  cannot  be  made  the  bans  of 
a  logical  afisngement  Combustion  is  vividly  displayed  hi  cases  where  none  of  these 
prisDasy  dissolvents  is  concemed.  Thus  certain  metab  combine  with  odiers  with  such 
vchcnoiee  sa  to  didt  l^t  and  heat;  and  many  of  them,  by  thdr  union  with  sulphur, 
even  i*  vocmo,  exhibit  intense  combustion.  Fotasdum  bums  distincdy  in  cyanogen  (car- 
buntled  aioie),  and  splendidly  in  sulphuretted  hydrogen*  For  odier  examples  to  the  same 
pnpsse,  see  CoxBUSTms  and  Cojcbubtiojt. 
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And  agdn,  the  phenomenon  of  flame  does  not  neoesaarily  aooompany  my  of  the  actions 
of  oxygen,  chlorine,  and  iodine.  Ite  pwduction  may  be  regulated  at  the  pleaauie  of  Uie 
chemist,  and  ocean  merely  when  the  mutual  oombination  is  xapidly  eSbcted.  Thus 
chlorine  or  oxygen  will  unite  with  hydiogen,  either  silently  and  darkly,  or  with  fiery 
explosion,  as  the  operator  shall  direct 

Since,  therefore,  the  quality  of  exciting  or  sustaining  oombastkm  is  not  peculiar  to  these 
electro-positive  dements ;  since  it  Is  not  indispttSsUe  to  their  action  on  other  suhatances, 
but  adventitious  and  occasional,  we  perceiTe  the  inaccuracy  of  that  chsrififallwi  which  sals 
these  three  or  four  bodies  apart  under  the  denomhiation  of  supportera  qfeomhutimf  aa  if 
combustion  could  not  be  supported  without  them,  and  as  if  the  support  of  combustion  was 
their  indefeisible  attribute,  the  essential  concomitant  of  thehr  action.  On  the  eontrary, 
every  diaage  which  they  can  produce,  by  their  union  with  other  dementary  matter,  may 
be  efibcted  wUhntt  the  phenomenon  of  combustion.     See  section  6th  of  article  Com- 

BUBTIOSr. 

The  other  forty^^even  elcmentaiy  bodies  have,  with  tlie  exception  of  aaote  (the  aolitary 
incombustible),  been  grouped  under  the  generic  name  of  eomhuitiblesk  But  in  lealiiqr 
combustkn  is  independent  of  the  agency  of  all  these  bodies,  and  therefiue  eomhtutkm  may 
he  ffodtaced  wUhout  any  conUmttibk.  Can  ihis  absurdity  iboa  a  basis  of  diemkai  ciassi- 
fication?  The  decompoejtjon  of  euchlorine,  as  well  as  of  the  chloride  and  iodide  of  aiote, 
is  accompanied  with  a  tremendous  energy  of  heat  and  U^^t;  yet  no  combustible  is  preaent. 
The  same  examples  are  fatal  to  the  theoretical  part  of  Bkck's  celebrated  doetrino  of  latent 
heat.  His  facts  are,  however,  invaluable,  and  not  to  be  controverted,  thou^  the  hypo- 
thetical thread  used  to  connect  them  be  finally  severed. 

To  the  term  cmnhuHibk  is  natuxslly  attadied  the  idea  of  the  body  so  named  affinding 
the  heat  and  light.    Of  this  position,  it  has  been  often  remarked,  that  we  faav^  no  avidanoe 
whatever.    We  know,  on  the  other  hand,  that  oxygen,  die  incombustible,  oould  yield,  ftom 
ito  latent  stores,  in  Black*B  Isnguage,  both  the  li|^t  and  heat  di^Jayed  in  oembostJon  ;  for 
mere  mechanical  condensation  of  that  gas,  in  a  syringe,  causes  their  dissogagsnent.    A 
Kxmilar  condensation  of  the  combustible  hydrogen  occasions,  I  believe,  the  ev^tion  of  no 
light.    From  all  these  facts  it  is  plain,  that  the  above  distinction  is  nnphilosqphies],  and 
maat  be  absndoned.    In  truth,  every  insulated  or  aimple  body  baa  audi  an  appetency  to 
combine  with,  or  is  soUdted  with  audi  attractive  energy  by,  other  forms  of  matter,  whether 
the  actuating  forces  be  decto-attnctive  or  electrical,  thai  the  motion  of  the  parttdes  oon- 
Ftituting  the  change,  if  sufficiently  rapid,  may  alwaya  peodnce  the  phenomenon  of  com- 
bustion. 
Of  the  forty-seven  dectro-negative  dements,  forty-ooa  are  metallic,  and  six  amumelaUic. 
The  latter  group  may  be  arranged  into  three  p«rs  i^- 
Isty  The  gaseous  bodies,  Hyoeogek  and  A20TE ; 
2d,  The  fixed  and  infusible  solids,  Carbok  and  BoAOV. 
3(/,  The  foable  and  volatile  solids,  Sulphur  and  PuosPRoaus. 
The  forty-one  metallic  bodies  are  distingoidiable  by  their  habitudca  with  oxygen,  into 
two  great  divisions,  the  Baskfiable  and  AcimriABLS  metals.    The  former  ane  thirty- 
four  in  number,  the  latter  seven. 

Of  the  thirty.four  metals,  which  yidd  by  thdr  anion  with  oxygen  "»"<>iW  bases,  three 
are  convertible  into  alkali^  nine  into  earths,  and  twenty-two  into  ordinary  mutaHifr  oxides* 
Some  of  the  latter,  however,  by  a  maximum  dose  of  oxygen,  seem  to  graduate  into  the 
ad^UfiaUe  group,  or  at  least  cease  to  form  aalifiable  bases. 

We  shall  now  delioeate  a  general  chart  of  Chemistry,  enumemting  its  vadous  Isarting 
objects  in  a  somewhat  tabular  form,  and  pointing  out  tliair  most  impoitant  lalatioos,  so 
that  the  readers  of  this  Dictionary  may  have  it  in  thdr  power  to  study  its  oontents  in  a 
systematic  order. 
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CHEMISTRY 

is  the  sdnoe  vbich  tzestt  of  the  specific  diffiateiiott  in  the  naAuie  at  bodies,  and  the  perw 
mauttt  dttBges  o£  oonstitation  to  vhidi  their  nmtoal  mctiflne  give  xbe. 

Tbs  dlTCoi^  a  the  ntme  of  bodiei  ]•  derired  either  fifoia  the  ao«B£oatioh  qr  cok- 
POtiTiov  flf  their  iDtqgnnt  pertideg.  The  etale  of  aggregatkm  leeme  to  depend  on  the 
idetkm  tetween  the  coheme  attraction  of  theae  integrant  particke,  and  the  antagontang 
force  of  hmL  Henoe,  the  three  general  fonoi  of  soHd^  Uqmdy  and  gaseotu^  under  one  or 
odieref  vindi  every  species  of  material  being  may  be  dassed. 

For  aMraction  en  these  general  fbnns  of  matter,  the  ttodcnt  ought  to  read,  Ist,  The 
ead]r  pvt  of  ^  artide  Atteactiok  ;  2d,  CaTSTALLiZATloir ;  3d,  That  part  of 
Calouc  entifled,  ^  Of  the  change  of  state  produced  in  bodies  by  cakdc,  Jndfjpendent  of 
dmngt  ct  eompotkkmJ"  He  may  then  peruse  the  introductory  part  of  the  artide  Gas, 
and  Balastce,  and  Labokatort.  He  will  now  be  suffidenay  piepaicd  tat  the  study  of 
die  rort  of  the  arttde  Calobic,  as  well  as  that  of  its  ooodative  subjects,  Tsmpebatuke, 
TmEuiOMETSm,  EyAPOBATiov,  CoKGELATiov,  CaTOPHOBirs,  Dew,  and  Cli- 
XATS«  The  order  now  prescribed  will  be  found  conTenient  In  the  aitidei  Calobic, 
tbcveareafewidsazssionswMdx  the  b^gvmer  may  perhaps  find  ion^ewhat  difficult.  These 
he  may  pass  over  at  the  first  reading,  and  resume  their  consideration  in  the  sequd.  After 
Cskxk  hemay  peruse  Light,  and  the  first  three  sections  of  Electbicity. 

The  artide  CoxBUSTioir  will  be  most  advanti^eously  examined,  afier  he  has  become 
teqosxttted  with  some  of  the  diTerslties  of  Coxpositiov  i  vis.  with  the  fiMir  ekctro-poeitive 
diisQlfeDlB,  oxygen,  ddotine^  bromine  end  iodine  ;  and  the  «z  non-metsUic  electro-negative 
dement^  hydrq^en,  aeote,  carbon,  boron,  sulphur,  and  phosphoras.  Let  him  begin  with 
ostpgm,  and  then  peruse,  ibr  the  sake  of  connexion,  hydrogen  and  water.  Should  he  wish 
to  know  how  the  specific  gravity  of  gaseous  matter  is  aKsrtained,  he  may  consult  the  fourth 
section  of  the  artide  Gas. 

The  next  subject  to  which  he  should  direct  his  attention  is  Cbxoeive  ;  on  whidi  he  will 
meet  with  ample  detaiu  in  the  present  Work.  This  srtide  wUl  bear  a  second  perusaL  It 
describes  a  series  of  die  most  splendid  efforts  ever  made  by  the  aagadty  of  man,  to  unfold  the 
cbemJGsi  jofsteries  of  nature.  In  connexion  wUh  it  he  may  read  the  articles  Chiobous 
and  (>uoBic  Oxxi>Es,  or  the  piotftxide  and  deutoxide  of  Chlorine.  Let  him  next  study 
the  copious  srtide  Iodine  from  beginning  to  end. 

Oaiben,  bonin,  sulphur,  phosphorus,  and  azote,  must  now  come  under  review.  Bdated 
dos^  with  the  first,  he  will  study  the  carb&nout  orufe,  cwhtreUed  and  subcarburetted 
hudrqgok  What  Is  known  of  the  dement  bonm  will  be  speedily  lesmed;  and  he  may  then 
enter  on  the  examination  of  sulphury  suljikurttted  hydrogen^  and  carburet  of  sulphur, 
Phosfkoms  and  phospkuretied  hydrogen^  with  nitrogen  at  azote^  and  its  oxides  and  chlorides^ 
win  finm  the  condudon  of  the  first  division  of  chemical  study,  which  relates  to  the  elements 
of  most  general  interest  and  activity.  The  general  artides  Combustible,  Combustion,  and 
Safi'Lamp  may  now  be  read  with  advantage ;  as  wdl  as  die  remainder  of  the  artide 
Attraetkmj  wtdch  treats  of  affinity. 

flbee  in  the  present  work  the  alkaUne  and  earthy  salts  are  annexed  to  then  respective  acids, 
it  via  be  proper,  belbre  commencbig  the  study  of  the  latter,  to  become  acquainted  with  the 
alkaUae  and  esrthy  bases. 

Theoader  of  reading  may  therefore  be  the  following:  first.  The  genend  artide  alkali, 
iim  potash  and  potassium,  soda  and  sodium,  lithia  and  ammonia.  Next,  the  general  artide 
eorih;  afterwards  calcium  and  lUne,  barium  and  barytes,  strontia,  magnesia,  alumina,  silica, 
ffasfaM,  alrvoaie,  and  y^rio. 

Ut  him  nowpemse  the  genend  artides  acid  and  salt ;  and  then  the  non-metallic  oxygen 
adds,  widk  thdr  sulqoined  salts,  in  the  following  order:— r»(p&«ric,  sulphurous; 
hj/ftsMlphurous,   snd   hyposulphmric ;  phosphoric,  phosphorous,    and  hypophosphorous ; 
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carlomc  and  cMorocarhonous ;  boradcg  and  lastly,  the  nUric  and  nitrous.  The  others 
may  be  atadied  conveniently  with  the  hydrogen  group.  The  order  of  perusing  them  may 
he,  the  muriaHe  (hydrochloric  of  M.  Gay  Iiuaaac),  chloric^  toid  perdUoric ;  the  hydriodic^ 
iodic,  and  d  oriodie;  iht  fluoric,  fluoboric,  and  fluotUicic;  the  pruttic  (hydrocyanic  of 
M.  Gay  Luflaac),  JkrropruuiCy  chloropruitie,  and  tvUphuropruttic,  The  hydromlphmroHt 
and  hydroUUurotu  axt  diacusaed  in  this  Dictionary,  under  the  names  of  tulphwrtt^ed 
hydrogen,  and  teUuretted  hydrogen*  These  compound  bodies  possess  add  powers,  as  wejl 
perhaps  as  arsenuxetted  hydrogen.  It  would  be  adyisaUe  to  peruse  the  article  cyanogcfi 
either  before  or  immediately  after  pfutiic  acid. 

As  to  the  vegetable  and  animal  adds,  they  may  be  read  dther  in  their  alphabetical  order, 
or  in  any  other  which  the  student  or  his  teadier  shall  thmk  fit. 

The  metaUic  adds  fall  naturally  under  metallic  chemistry ;  on  the  study  of  which  I  have 
nothing  to  add  to  the  remarks  contained  in  the  general  article  Metal.  Along  with  each 
metal  in  its  alphabetical  place,  its  native  state,  or  ores,  may  be  studied.    See  Oees. 

The  chemistry  of  organized  matter  may  be  methodically  examined  by  perusing,  first  oif 
all,  the  artide  vegetable  kingdom,  with  the  various  products  of  vegetation  there  enumenited  ; 
and  then  the  artide  animiil  kingdom,  with  the  subordinate  animal  products  and  adipocsre. 

The  article'  analysis  may  be  now  consulted ;  then  mineral  watebs  ;  equivalents  (che» 
mical),  and  analysis  of  ores. 

The  mineralogical  department  should  be  commenced  with  the  general  articles  mineralogy 
and  crystallography;  after  which  the  diSbent  specin  and  varieties  may  be  examined  under 
their  respective  titles.  The  enumeration  of  the  genera  of  M.  Mobs,  given  in  the  first  artide, 
will  guide  the  student  to  a  considerable  extent  in  thdr  methodical  consideration.  Belonging 
to  mineralogy,  are  the  subjects  blowpipe,  geology,  with  its  subordinate  rocks^  ores,  and 
meteorite. 

The  medical  student  may  read  with  advantage  the  articles  acid  (arsenious),  antimony, 
bile,  blood,  calculus  (urinaxyX  the  sequd  of  copper,  digestion,  gaU^ones,  galvanism,  in- 
testinal  concretion,  lead,  mercury,  poisons,  respiration,  urine,  jv. 

The  agriculturist  will  find  details  not  unworthy  of  his  attention,  under  the  artides  ab- 
sorbent, analysis  of  sdls,  carbonate,  lime,  manure,  and  soUs. 

Among  die  discussions  interesting  to  manujhcturers  are,  acetic  and  other  acids,  alcohol, 
alum,  ammonia,  beer,blettching,bread, caloric,  ddoride of  hiHE,  coal,  cocUgas,  distillation, 
dyeing,  ether,  fit,  firmentatiouy  glass,  ink,  iron,  ores,  potash,  pottery,  sail,  soap,  soda, 
steel,  sugar,  tanning,  4f^-  * 

The  general  reader  will  find,  it  is  hoped,  instruction,  blended  with  entertainment,  in  the 
artides  aerostatiouy  air,  climate,  combustion,  congelation,  dew,  electricity,  equivalents,  gal» 
vanism,  geology,  light,  meteoroUte,  rawi,  and  several  other  artides  formoly  noticed. 
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VaBHAZITE,  ZEAGONITE,  or  GIS- 
MONDIXE.  A  mineral  which  occurs  in 
semi-globolar  masses,  and  in  octohedral  crys. 
tads  with  a  square  base.  Colour  grayish-white, 
•omedmes  with  a  tinge  of  blue.  Yields  to  the 
Y^waL,  but  occasioaally  hard  enough  to  scratch 
slack  Brittle.  Fracture  condioidaL  Trans. 
nioect  or  txanspatent.  Constituents:  silica 
41.4;  lime  48.6;  alumina  2.5;  magnesia 
1.5  ;  oxide  of  iron  2.5.  Reduced  by  adds  to 
m  jeDj,  without  effovescence.  Loses  its  lustre, 
and  becomes  friable  before  the  blowpipe.  It 
tt  found  in  the  cavities  of  volcanic  rocks,  with 
calcareous  spar^  at  Capo  di  Bove  near  Rome. — 
M^hiilijn"  Mineralogy, 

ABSORBENT.  An  epithet  introduced 
Into  chemistry  by  the  physioans,  to  designate 
such  earthy  substances  as  seemed  to  dieck 
^HjaiiUca,  by  the  mere  absorption  of  the  re- 
dundant liquids.  In  this  sense  it  is  obsolete 
and  unfounded.  The  fscnlty  of  withdrawing 
moistiuv  finm  the  air  is  not  confined  to  sub- 
mtancf  which  noite  with  water  in  every  pro- 
poitioo,  as  die  strong  adds,  dry  alkalis,  alka- 
Uoe  earths,  and  deliquescent  salts,  but  is  pos- 
flesaed  by  insoluble  and  apparently  inert  bodies, 
in  Tarious  degrees  of  force.  Hence  the  term 
Absorbent  merits  a  place  in  chemical  nomen- 
datnie. 

The  substance  whose  absorbent  power  is 
to  be  examined,  after  thorough  desiccation 
before  a  fire,  is  immediately  transferred  into 
a  phial,  furnished  with  a  well  ground  stopper. 
When  it  is  cooled,  a  portion  of  it  is  put  into 
a  large  widcmonthed  botUe,  where  it  is  dose- 
Vf  confined  for  some  time.  A  ddicate  hygro- 
meter  being  then  introduced,  indicates  on  its 
scale  xhe  dryness  produced  in  the  enclosed  air, 
which  should  have  been  previously  brought  to 
the  poiac  sf  extreme  humidity,  by  suspending 


a  moistened  rag  within  the  bottle.  The  fol- 
lowing table  exhibits  the  results  of  experi- 
ments made  by  Professor  Leslie  :— 

Alumina  causes  a  dryness  of  84  degrees. 

Carbonate  oi  magnesia,       .  75 

,  Carbonate  of  lime,           .  70 

SUica,        ....  40 

Carbonate  of  barytes,         ,  32 

Carbonate  of  strontites,       .  23 

Pipe  clay,         ...  85 
Greenstone,  or  trap  in  powder,  80 

Shdly  sea  sand,         .        .  70 
Clay  indurated  by  torrefaction,  35 

Clay  strongly  ignited,         .  8 

Greenstone  ignited,         •  23 

Quartz          do.         .        .  19 

Decomposed  greenstone,  86 

€^reenstone  resolved  into  soil,  92 

Garden  mould,         .        .  95 

The  more  a  soil  is  comminuted  by  labour  and 
▼fetation,  the  greater  is  its  absorbent  power. 
This  ingenious  philosopher  infers,  that  the 
fertility  of  soils  depends  chiefly  on  their  dis- 
position to  imbibe  moisture;  and  illustrates 
this  idea  by  recent  and  by  disintegrated  lava. 
May  not  the  finely  divided  state  most  pene- 
trable by  the  delicate  fibres  of  plants  aerive 
its  superior  power  of  acting  on  atmospherical 
vapour  from  the  augmentation  of  its  surface, 
or  the  multiplication  of  the  points  of  contact  ? 

In  similar  circumstances  100  gr.  of  the 
following  organic  substances  absorb  the  fol- 
lowing quantities  of  moisture:  Ivory  7  gi"- 
boxwood  14,  down  16,  wool  18,  beech  28. 
Charcoal,  and  other  porous  solids  of  a  fibrous 
texture,  have  the  faculty  of  absorbing  gases 
in  a  remarkable  degree ;  for  an  account  of 
M.  de  SauflsuTe*8  excellent  experiments   on 
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which  subject,  see  the  artide  Gas  in  this  Dic- 
tionary.— Leslie  on  Heat  and  Moisture, 

ABSORPTION.  The  passage  of  a  gas, 
or  Tspour,  into  a  lic^ttid  or  soUd  substance ;  or 
of  a  liquid  into  the  poies  of  a  solid. 

ACANTICONE.    See  Pmtacite. 

ACERATES.  The  acer  campestre,  or 
common  maple,  yields  a  milky  sweetish  sap, 
containing  a  salt  with  basis  of  lime,  possessed, 
according  to  Scherer,  of  peculiar  properties. 
It  is  white,  semitransparoit,  not  altfeted  by 
the  air,  and  soluble  in  nearly  100  paits  of 
cold,  or  60  of  boiling  water. 

ACERIC  ACID.    See  Acm  (AcEiue> 

ACESCENT.  Substanoep  which  became 
sour  spontaneously,  as  vegeti^le  and  animal 
juices,  or  infusions.  The  suddenness  with 
which  this  change  is  effected  during  a  thunder 
storm,  even  in  corked  bottles,  has  not  been 
accounted  for.  In  morbid  states  of  the  sto- 
mach,  also,  it  proceeds  with  astonishing  ra. 
pidlty.  It  is  counteracted  by  bitters,  antacids, 
and  purgatives. 

ACETATES.  Salts  formed  by  the  com- 
bination  of  acetic  acid  with  alkaJis,  earths, 
and  metallic  oxides.    See  Acid  (Acetic). 

ACETIC  ACID.    See  Acid  (Acetic). 

ACETOMETER.  An  instrument  for 
estimating  the  strength  of  vinegars.  It  is 
described  under  Acid  (Acetic). 

ACETOUS.  Of  or  bebnging  to  vinegar. 
See  Acid  (Acetic). 

ACHMIT.  A  mineral  Erst  distinguished 
by  Bexgmeister  Strom.  It  has  a  brownish 
black  or  .reddish  brown  ook>ur,  is  spotted, 
grayish-green  in  the  fracture,  extemaUy  of  a 
glassy  lustre,  and  in  the  transverse  fracture 
glimmering.  Translucent  in  small  firagmenta. 
It  has  four  deavages,  two  of  which  are  paraUel 
to  the  sides  of  an  oblique  four>sided  prism, 
and  the  other  two,  less  obvious,  are  para^el 
to  the  truncations  of  the  acute  lateral  edges. 
The  fracture  is  small  grained.  Specific  gra- 
vity 5.24.  Hardness  such  as  to  scratch  glass. 
It  is  likewise  crystallised  in  oblique  four-^ided 
prisms,  with  truncated  lateral  edges,  and  very 
sharp  four««ided  terminal  faces,  the  edges  of 
which  correspond  with  the  latent  edges  of  the 
oblique  prism.  The  sides  are  channelled  in 
the  direction  of  their  length.  According  to 
Bendius  this  mineral  contains — silica  55.25, 
peroxide  of  iron  31.25,  protoxide  of  manga- 
nese 1.08,  lime  0-72,  soda  10.40,  oxide  of 
titanium  a  trace.  He  considers  it  as  a  hisili- 
cate  of  soda,  combined  with  a  bisilicate  of 
iron. 

ACHROMATIC.  Telescopes  formed  of 
a  combination  of  lenses,  whicn  in  a  great 
measure  correct  the  optical  aberration  arising 
horn  the  various  colours  of  light,  are  aUled 
achromatic  telescopes. 

'  ACIDS.  The  most  important  dass  of 
chemical  compounds.  In  the  generalization 
of  facts  presented  by  Lavoisier  and  the  asso- 
ciated Fxendi  chemuu,  it  was  tlie  leading 


doctrine  that  adds  resulted  ftom  the  union  of 
a  peculiar  combustible  base  called  the  radical, 
with  a  common  principle  technically  called 
oxygen,  or  the  addifier.  This  genenl  posi- 
tion was  founded  chiefly  on  the  phenomena 
exhibited  in  the  formation  and  decomposition 
of  sulphuric,  carbonic,  phosphoric,  and  nitric 
adds ;  and  was  extended,  by  a  plausible  ana- 
log to  other  acids  whose  ladkals  were  un- 
known. 

''  I  have  already  shown,*'  says  Lavoiaier, 
*'  that  phosphorus  is  changed  by  oombuation 
into  an  extremdy  light,  white,  flaky  matter. 
Its  properties  are  likewise  entirdy  altered 
by  this  tiansfoynatSoo ;  from  bdng  insolulile 
in  water,  it  becomes  not  only  soluble,  but  so 
greedy  oif  moisture  as  to  attract  the  humidity 
of  Uie  dr  with  astonishing  r^idity.  By  this 
means  it  is  oonyerted  into  a  Uquid,  omaider* 
ably  more  dense,  and  of  more  specific  gruTity 
than  water.  In  the  state  of  phosphorus  before 
combustion,  it  had  scarcdy  any  sensible  taste ; 
by  its  union  with  oxygen,  it  acquires  an  ex- 
tremdy sharp  and  sour  taste ;  inawoid,&oin 
one  of  die  dass  of  combusdble  bodies,  it  is 
changed  into  an  incombusdUe  substance,  and 
becomes  one  of  those  bodies  called  adds. 

*^  This  property  of  a  combustible  substance, 
to  be  converted  into  an  add  by  the  addition 
of  oxygen,  we  shall  presendy  find  bdongs  to 
a  great  number  of  bodies.  Wherefore  strict 
logic  requires  that  we  should  adopt  a  com- 
mon term  for  indicating  all  these  mierations 
which  produce  analogous  results.  This  ia  the 
true  way  to  simplify  the  study  of  science,  as  it 
would  be  quite  impossible  to  bear  all  its  spe- 
'  cific  details  in  the  memory  if  they  were  not 
dasdcally  arranged.  For  this  reason  we  shall 
distinguish  the  conversion  of  phosphorus  into 
sn  add  by  its  union  with  oxygen,  and  in  ge^ 
neral  every  combination  of  oxygen  with  a  com. 
busdble  substance,  by  the  term  twygenatUm  f 
from  this  I  shall  adopt  the  verb  to  oxygenate.; 
snd  of  consequence  shall  say,  that  in  oxyge- 
nating phosphorus,  we  convert  it  into  an  acsd. 

*'''  Sulphur  also,  in  burning,  absorbs  oxygen 
gas;  the  resulting  acid  is  condderably  hearier 
than  the  sulphur  burnt;  its  weight  is  equal 
to  the  sum  of  the  weights  of  the  sulphur 
which  has  been  burnt,  and  of  the  oxygen  ab- 
sorbed ;  and,  lasdy,  this  add  is  weighty,  in- 
oombusdble,  and  misdble  with  water  in  all 
proportions. 

*^  I  might  multiply  these  experiments,  and 
show,  by  a  numerous  succession  of  facts,  that 
aU  acids  are  formed  by  the  combustion  of 
certain  substances ;  but  I  am  prevented  from 
doing  so  in  this  place  by  the  plan  which  I 
have  laid  down,  of  proceeding  only  from  facts 
already  ascertained  to  such  as  are  unknown, 
and  of  drawing  my  examples  only  fropi  cir- 
cumstances alrcady  explained.  In  the  mean 
time,  however,  the  examples  above  cited  may 
suffice  for  giving  a  clear  and  accurate  con- 
ception  of  the  mann^  in  which  acids  are 
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By  Ifcoe  it  amy  be  devi^  leen  that 
oxygen  is  so  dement  oommoD  to  them  dl, 
aad  mboA  eaoititaies  or  pndooei  their  ad- 
iity  ;  and  dat  tbey  diier  ftom  each  other 
aeoordiDg  to  the  aerand  natures  of  the  ozy. 
grmnlrdl  or  addiied  wihstanrHi.  We  mvst, 
tbeacfae,  in  cverf  add  careliilly  diatingiiiih 
between  the  aeaiifiable  base,  whidi  M.  da 
Mmean  cafe  the  ndica],  and  «« the  addifying 
piizicudr  dr  ozraen.'*  Element^  pw  ilA. 
*''■  Alsfioagh  ve  have  not  yet  been  able  dther 
fo  rnmjfotr  m  to  deosmponnd  this  add  of  sea 
safe,  we  cannot  have  the  smaBest  donbt  that 
it,  Skm  aU  other  adds,  is  oompoaed  by  the 
Tmww  «f  oxygen  vich  an  aci&Bable  baie. 
Wt  liave,  therefoee,  caQed  this  tmknown  anb* 
Maaoe  tlie  lannatic  boae,  or  mmiatic  ladicaL" 
P.  m.5di£fitian. 

BcarthaDetTs  aoond  diaerimination  led  him 
to  winfiitdn  ibat  LsYoiaiar  bad  given  too  mudi 
Wii«<|g  10  die  idea  of  oxygen  being  the  nni. 
TsmnI  0ddi^^  pnndide.  ^<  In  fact,"  aaya 
he,  **  it  is  eanying  the  limits  of  analogy  too 
6r  io  iafo,  that  aS  acidi^,  ereo  that  of  the 
fluoric,  and  boeacid  ackU,  arisea 
beGsose  it  gives  acidity  to  a 
ncsi  BRpnbcr  of  mbstanoes.  Sulphuietted 
nydMgen,  which  leaUy  potsestes  the  proper, 
ties  ai  an  add,  proves  directly  that  addity 
is  not  in  all  cases  oviog  to  oxygen.  There 
is  M>  hetiK  foiiadatioa  for  oonduding  that 
faftegpQ  if  the  prindple  of  alkslinity  not 
only  in  Ihe  aUcalia,  properly  ao  called,  but 
«!■»  in  aagneria,  lime,  staontiaa,  and  baiyteat 
bccapsaa  wmnnia  appears  to  owe  Its  aUudinity 
to  hydrogen. 

^  Tba9  eenaidentions  prove  that  oxygen 
■ay  bo  Hyrdcd  as  the  most  usual  prindple 
aimiStjy  but  that  this  species  of  affinity  lor 
dto  aObb  may  belong  to  substances  which 
do  not  eoBtrin  oxygen ;  that  we  muat  not, 
tbodnc,  alvays  inftr,  from  the  addity  of  * 
snbilaBce*  that  it  contains  oxygen,  althou^ 
this  may  be  an  iDducement  to  suspect  its  ex^ 
istenea  in  H:  still  leas  should  we  condude, 
hsraiiBii  %  BnbstaQoe  oontaias  oxygen,  that  it 
Buist  have  add  praperties;  on  me  contrary, 
the  addi^^  of  an  oxygenated  sabstanee  shows 
that  llie  osy^en  has  only  experienced  an  itim 
I  aatmmtion  m  it,  since  its  properties 


the  just  views  whleh  penrade  the 
eas^  pait  of  this  quotatien  liom  Bcrtbolkt, 
it  is  euioas  to  i«maik  the  soleeism  with 
which  it  terminalea.  For  after  SMintaining 
that  aridity  may  exist  independent  of  oxygen, 
and  tiiat  the  prascnos  of  oxygen  does  not  ne- 
nris Billy  eonaiitute  acidity,  he  ooodades  by 
ratwidwng  addity  as  the  attribute  of  unaatu* 
Btfldexygesb 

This  anwwnmtable  generalisation  of  the 
Fnodi  chemists  eooccsniog  oxygen,  which 
had  saegfieded  Stahrs  equally  unwarranUUe 
pnenftptioti  of  a  eonmum  prindple  of  oom. 
^UtihiP^iii  aU  eombnstible  bodies,  vnsiiist 


eKpenmental^  combated  by  Sir  H«  Davy,  in 
a  series  of  admirahle  dlssotations  pubUshed 
in  the  PhikMO|»hical  Transactioos. 

His  first  tram  of  experiments  was  instituted 
with  the  view  of  operating  by  voltaic  dectridty 
on  mnriade  and  other  aods  freed  from  water. 
Sttbstanoes  whidi  are  now  known  by  the  names 
of  eUorides  of  phosphorus  and  tin,  but  which 
he  then  supposed  to  oontsin  dry  muriatic  add, 
led  him  to  imagine  that  inrimatdy  combined 
water  was  the  real  addifying  prindple,  &inee 
add  properties  were  Immediatwy  devek^>ed  in 
the  above  substances  by  the  addition  of  that 
fluid,  though  previously  they  exhibited  no  add 
powers,  hk  July  1810,  however,  he  advanced 
thooe  celebrated  views  concerning  acidification, 
wfaidi,  in  the  opinion  of  the  best  judgea,  dis- 
^y  an  unrivalled  power  of  scientific  reseaidi. 
The  oondoaiona  to  whidi  these  led  him  wen 
incompatible  with  the  general  hypothesis  of 
Lavoisier.  He  demonstarated  that  oxymmi. 
atic  add  is,  as  far  as  our  knowledge  extends, 
a  Hmple  substance,  which  may  be  dassed  in 
the  same  order  of  natural  bodies  as  oxygen 
gas»  being  determined  like  oxygen  to  the 
positive  aurftoe  in  voltsic  combinations,  and 
uke  oxygen  combining  with  iniUunmahle  sub- 
staoeea,  producing  heat  and  light.  The  com- 
binatiena  of  oxymuriatic  add  with  inflam- 
niable  bodies  were  shown  to  be  analogous  to 
oxides  and  adds  in  theb  properties  and  powera 
of  odnbination,  but  to  difo  from  them  in 
being  fiir  the  most  part  decomposable  by 
water;  and  finally,  that  oxymuriatic  add  has 
a  stronger  attraction  for  most  inflammable 
bodies  than  oxygen.  His  ptecedmg  deeom. 
poflition  of  the  alkalis  and  earths  having 
evinced  the  absurdity  of  that  nomendature 
whidi  gives  to  the  general  and  fsfienrial  con* 
atttuent  of  alkaline  nature,  the  term  oxygen  or 
ackUfier ;  hia  new  discovery  of  the  shnplidty  of 
oxymuriarie  add  showed  the  theoreticid  sys- 
tem of  chemical  language  to  be  equally  vidoua 
in  another  respect.  Hence  this  phiioeopher 
moot  judidouily  discarded  the  appellation 
oxymuriatic  add,  and  introduced  in  its  place 
tlie  name  dilorine,  which  merely  indicates  an 
obvious  and  permanent  character  of  the  sub- 
stsnce,  its  greenish-ydlow  colour.  The  more 
recent  investigations  of  chemists  on  fluoric, 
hydriodie,  and  hydrocyanic  adds,  have  brought 
powerful  analogies  in  support  of  the  chloridic 
theory,  by  showing  that  hydrogen  alone  can 
oonvert  certain  undeoompounded  bases  into 
adds  well  characterized,  without  the  aid  of 
oxygen.  Dr.  Murray  indeed  endeavoured  to 
revive  and  new-raodd  the  early  opinioo  of  Sir 
H.  Davy,  concerning  the  necesrity  of  the  pre. 
sence  of  water,  or  its  elements,  to 'the  const!- 
tntion  of  adds*  He  concaved  ^at  many  adds 
ste  ternary  compounds  of  a  radical  with  oxy- 
gen and  hydrof^;  but  that  the  two  latter 
ingredients  do  not  necessarily  exiist  in  them  in 
the  state  of  water.  Oil  of  vitriol,  for  instance, 
in  this  view,  instead  of  consisting  of  81 .5  real 
b2 
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add,  and  ia5  water  in  100  parts,  may  be 
Mgarded  as  a  compound  of  32.6  sulphur  -f 
65-2  oxygen^,  -^  2^  hydrogen.  When  it  is 
saturated  with  an  alkaline  base,  and  exposed 
to  heat,  the  hydrogen  unites  to  its  equivalent 
quantity  of  oxygen,  to  form  water,  which 
evaporates,  and  the  remaining  oxygen  and 
the  sulphur  combine  with  the  base.  But 
when  the  acid  is  made  to  act  on  a  metal,  the 
oxygen  partly  unites  to  it,  and  hydrogen  alone 
escapes. 

^^  Nitric  add,  in  ks  highest  state  of  oon- 
oeutzatlon,  is  not  a  definite  compound  of  real 
add,  with  about  a  fourth  of  its  weight  of 
water,  but  a  ternary  compound  of  nitrogen, 
oxygen,  and  hydrc^en.  Phosphoric  add  is 
A  triple  compound  of  phosphorus,  oxygen, 
and  hydrogen ;  and  phosphorous  acid  is  the 
proper  binary  compound  of  phosphorus  and 
oxygen.  Tlie  oxalic,  tartaric,  and  other  vege- 
table acids,  are  admitted  to  be  ternary  com- 
pounds  of  carbon,  oxygen,  and  hydrogen ;  and 
are  therefore  in  strict  conformity  to  the  doc- 
trine now  illustrated. 

^^  A  rehition  of  the  dements  of  bodies  to 
addity  is  thus  discovered  different  from  what 
has  hitherto  been  proposed.  When  a  series 
of  compounds  exist,  which  have  certain  com- 
mon characteristic  properties,  and  when  these 
compounds  all  contain  a  common  element, 
we  coodude,  with  justice,  that  these  proper- 
ties are  derived  more  peculiarly  from  the  ac- 
tion of  this  dement.  On  this  ground  Lavoi- 
sier inferred,  by  an  ample  induction,  that 
oxygen  is  a  prindple  of  acidity.  Ber^ioUet 
brought  into  view  the  oondoaion,  that  it  is 
not  excludvdy  so,  from  the  examples  of  prus- 
sic  add  and  sulphuretted  hydrogen.  In  the 
latter,  addity  appeared  to  be  produced  by  the 
action  of  hydrogen.  The  discovery  by  Oay 
liussac,  of  the  compound  radical  cyanogen, 
and  its  conversion  into  prussic  add  by  the 
addition  of  h]rdTOgen,  confirmed  this  oondu- 
sion ;  and  the  discovery  of  the  relations  of 
iodine  still  further  established  it  And  now, 
if  the  preceding  views  are  just,  the  system 
must  be  still  further  modified.  While  each 
of  these  conclusions  is  just  to  a  certain  ex- 
tent, each  of  them  requires  to  be  limited  in 
some  of  the  cases  to  which  they  are  applied ; 
and  while  addity  is  sometimes  exdunvdy 
eonnected  with  oxygen,  sometimes  with  hy- 
drogen, the  prind|de  must  also  be  admitted, 
that  it  is  more  frequently  the  result  of  their 
combined  operation. 

^*  There  appears  even  sufficient  reason  to 
infer,  that,  from  the  united  action  of  these 
elements,  a  higher  degree  of  addity  is  ac- 
quired than  from  the  action  of  dther  alone, 
sulphur  affords  a  striking  example  of  thia. 
With  hydrogen  it  forms  a  weak  add.  With 
oxygen  it  ako  forms  an  acid,  which,  though 
of  superior  energy,  still  docs  not  display 
much  power.  With  hydrogen  and  oxygen 
it  seems  to  reodve  the  addiiying  influence 


of  both,  and  its  add^  Is  proportionany  ex- 
altcd. 

*■*'  Nitrogen,  with  hydrogen,  forms  a  com- 
pound altogether  destitute  of  acidity,  and 
possessed  even  of  qualities  the  reverse.  With 
oxygen,  in  two  ddfinite  proportions,  it  forms 
oxides ;  and  it  is  doubtfU  if,  in  any  propor- 
tion,  it  can  establish  with  oxygen  an  insuhted 
add.  But  with  oxygen  and  hydrogen  in  union 
it  forms  m'tric  acidy  a  compound  more  per- 
manent, and  of  energetic  action.** 

It  is  needless  to  give  at  more  detail  Dr. 
Murray*8  speculations,  which,  supposing  them 
plausible  in  a  theoretical  point  of  view,  seem 
barren  in  practice.  It  is  sufficiently  singulsr, 
that,  in  an  attempt  to  avoid  the  transforma- 
tions, which,  on  his  notion  of  the  chloridic 
theory,  a  little  moisture  operates  on  common 
salt,  instantly  changing  it  from  chlorine  snd 
sodium  into  muriatic  add  and  soda.  Dr. 
Murray  should  have  actually  multiplied,  with 
one  hand,  the  very  difficultiee  which  he  bad 
laboured,  with  the  other,  to  remove. 

He  thinks  it  doubtful  if  nitrogen  and  oxy- 
een  can  abne  form  an  insulated  add.  Hy- 
drogen he  eonodvcs  essential  to  its  energetic 
action.  What,  we  may  ask  then,  exists  in 
dry  nitie,  whidi  contains  no  hydrogen  ?  Is 
it  nitric  add,  or  merdy  two  of  its  elements, 
in  want  of  a  little  water  to  furnish  the  r&. 
quisite  hydrogen  ?  The  same  questions  may 
be  asked  relative  to  the  sulphate  of  potash. 
Since  he  concdves  hydn^en  necessary  to 
communicate  full  force  to  sulphuric  and  ni- 
tric acids,  the  moment  they  lose  thdr  water 
they  should  lose  their  saturating  power,  and 
become  incapable  of  retaining  caustic  potash 
\n  a  neutral  state.  Out  of  this  dilemma  he 
may  indeed  try  to  escape,  by  saying,  that 
moisture  or  hydrogen  is  equslly  essential  to 
alkaline  strength,  and  that  therefore  the  same 
desiccation  or  de-hydrogenation  which  impdrs 
the  add  power,  impairs  also  that  of  its  alka- 
line antagonist  The  result  must  evidently 
be,  that  in  a  saline  hydrate  or  solution,  we 
have  the  redprocal  attractions  of  a  strong  add 
Md  alkali,  while,  in  a  dry  salt,  the  attractive 
forces  are  those  of  rdatlvdy  feeble  bodies. 
On  this  hypothesis,  the  difference  ousht  4o  be 
great  between  dry  and  moistened  sulphate  of 
potash.  Carbonic  add  he  admits  to  be  desti- 
tute o(  hydrogen ;  yet  its  saturating  power  is 
very  conspicuous  in  neutraliamg  d^  lime. 
Again,  oxalic  add,  by  the  last  analysis  of 
Boidius,  as  wdl  as  my  own,  contains  no 
hydrogen.  It  differs  fh>m  the  carbonic  only  in 
the  proportion  of  its  two  constituents.  And  ox- 
alic add  is  appealed  to  by  Dr.  Murray  as  a  proof 
of  the  superior  additv  bestowed  by  hydrogen. 

On  what  grounds  he  decides  carbonic  to.be 
a  feebler  add  than  oxalic,  it  is  difficult  to 
see.  By  Berthollet*s  test  of  addity,  the 
former  is  more  energetic  than  the  latter  in 
the  proportion  ot  160  to  about  68 ;  for  these 
numbers  are  invcrsdy  as  the  quantity  of  each 
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R-qtuote  to  wtnAte  »  given  base.  If  he  be 
isdiiied  to  itjcct  this  iw,  and  appeal  to  the 
deooupoaitioD  of  the  carbonatea  by  oxalic 
acid,  aa  a  cntoion  of  relative  add  power,  let 
ua  luldncf  his  own  oonnnentaiy  on  the  sta- 
tieal  ^flBniri^  of  BothoQet,  irhere  he  ascribes 
waA  chagnges,  oM  to  a  soperior  attraction  in 
the  decoropoM^  labttance,  but  to  the  elastic 
tettdcticy  of  tint  wfakh  is  evolved.  Ammonia 
mepmtatei  nuyifBia  from  its  muriatic  solution 
at  r— lawn  tempentaxcs ;  at  the  boilmg  heat 
of  wBftB,  inagnpaifc  sepsntcs  ammonia.  Car. 
bonsie  of  ammnnia,  at  temperatures  under 
23D*  precipitates  carbonate  of  lime  from  the 
Bonate;  at  higher  tempemlures,  the  inverse 
decompodtion  takes  place  with  the  same  in« 
gredientL  If  the  oxalic  be  a  more  enogetic 
add  IftiaB  the  carbonic,  or  rank  higher  in  die 
acale  of  aci^,  then,  on  adding  to  a  given 
weia^t  of  liquid  muriate  of  lime  a  mixture  of 
ouMe  and  carbonate  of  ammonia,  each  in 
eqaiva&nt  quantity  to  the  calcareous  salt, 
oxalate  oflimeoB^t  alone  to  be  separated. 
It  will  be  fbond,  on  the  contrary,  by  the  test 
flf  acetic  acid,  that  as  much  carbonate  of  lime 
wiH  piccqritate  as  is  suffident  to  unsettle  these 


FSoally,  dry  nitre,  and  dry  sulphate  of 
potash,  are  placed,  by  this  supposition,  in  as 
myateckiu  a  predicament  as  dry  muriate  of 
soda  in  the  chloridic  theory.  Deprived  of 
l^dNgea,  their  add  and  alkali  are  enfeebled 
or  totaUy  duoged.  With  a  little  water,  both 
instantly  recruit  their  powers.  In  a  word, 
the  solid  sulphuric  acid  of  Nordhausen,  and 
the  dry  potsdh  of  potaaiium,  are  alone  suf- 
to  aibveit  this  whole  hypothesis  of  by- 


re shall  introduce,  under  the  head  of 
aOkafi,  some  analogous  speculations  by  Dr. 
Umxay-  on  the  influence  of  the  elements  of 
water  on  diat  dass  of  bodies.  Edin,  Phii, 
TVona.  voL  viiL  part  2d. 

After  diese  observations  on  the  nature  of 
acadky,  we  fhaU  itow  state  the  general  proper- 
tiea  or  the  adds. 

1.  TTietcsteofdiese  bodies  is  for  the  most 
part  sour,  as  tbdr  name  denotes ;  and  in  the 
atnaqper  species  it  is  acrid  and  oorroMve. 

2.  Tliey  generally  combine  with  water  in 
evcfj  propoctiflo,  with  a  condensation  of  vo- 
Inme  and  erdntian  of  heat. 

3.  With  a  few  exceptions  they  are  vola- 
tiHaed  or  decomposed  at  a  moderate  heat. 

4.  They  usually  change  the  purple  colours 
of  vegetables  to  a  bri^t  red. 

&.  They  unite  in  definite  proportions  with 
the  sikslis,  earths,  and  metallic  oxides,  and 
fivm  the  important  class  of  salts.  This  may 
be  feckpoed  tbdr  characteristic  and  indis- 
pensable property.  The  powen  of  the  dif. 
Cocnt  adds  were  origuiaDy  estimated  by  thdr 
rdative  i-aiislidty  and  sourness,  afterwards 
by  the  scale  of  their  attractive  force  towards 
tfiy  paprt*nVar  base,  and  next  by  the  quantity 


of  the  base  which  they  could  respectively 
neutralize.  But  BerthoUet  proposied  the 
converse  of  this  last  criterion  as  the  measure 
of  their  powers.  *^  The  power  wiitf  which 
they  can  exerdse  their  acidity,**  he  estimates 
''  by  the  quantity  of  each  of  the  acids  which 
is  required  to  produce  the  same  effect,  viz.  to 
aaturate  a  given  quantity  of  the  same  alkalL** 
It  is  therefore  the  capadty  for  saturation  of 
each  add,  whidi,  in  ascertaining  its  acidity, 
according  to  him,  gives  the  comparative  force 
of  the  affinity  to  which  it  is  owing.  Hence 
he  infers,  that  the  affinity  of  the  different 
adds  for  an  alkalme  base,  is  in  die  inverse 
ratio  of  the  ponderable  quantity  of  each  of 
them  which  is  necessary  to  neutralise  an  equal 
quantity  of  the  same  alkaline  base.  An  acid 
is,  therefore,  in  this  view,  the  more  powerful, 
when  an  equal  weight  can  saturate  a  greater 
quantity  of  an  alkali.  Hence,  all  those  sub. 
stances  which  can  saturate  the  alkalis,  and 
cause  their  properties  to  disappear,  ought  to 
be  fisssed  among  the  adds ;  in  like  manner, 
among  the  alkalia  should  be  placed  all  those 
which,  by  thdr  union,  can  saturate  addity. 
And  the  capadty  for  saturation  being  the 
measure  of  this  property,  it  should  be  em- 
ployed to  form  a  scale  of  the  comparative 
power  of  alkalis  as  weU  as  that  of  adds. 

However  plausible,  aoriori^  the  opinion  of 
this  UlustriooB  philoBoplier  may  be,  that  the 
■mailer  the  quantity  of  an  add  or  alkali  re- 
quired  to  saturate  a  given  Quantity  of  its  an- 
tagonist  prmdple,  the  higher  should  it  rank 
in  the  scale  of  power  and  affinity,  it  will  not, 
however,  acoora  with  chemical  phenomena. 

100  parts  of  nitric  add  are  saturated  by  about 
364  of  magnesia,  and  62}  of  lime.  Hence, 
by  BertfaoUet's  rule,  the  powers  of  these  earths 
ought  to  be  inversdy  as  their  quantities,  vis. 

36*  62i*  ^^  ^^  opposite  effect 

takes  place,  for  lime  separates  magnesia  from 
nitric  add.  And  in  the  preseot  example,  the 
difference  of  effect  cannot  be  imputed  to  the 
difference  of  force  with  which  the  substances 
tend  to  assume  the  solid  state. 

We  have  therefore  at  present  no  single 
addifying  principle,  nor  absolute  criterion  of 
the  scale  of  power  among  the  different  adds ; 
nor  is  the  want  of  this  of  great  importance. 
Experiment  furnishes  us  wi&  the  oraer  of  de- 
composition  of  one  addo^alkaline  compound 
by  another  add,  whether  alone,  or  aided  by 
temperature;  and  this  is  all  which  practiod 
chemistry  seems  to  require. 

Before  entering  on  the  particular  acids, 
we  shall  here  describe  the  general  process  by 
which  M.  Thenard  has  lately  succeeded  in 
communicating  to  many  of  them  ttjiparcntly 
a  surcharge  of  oxygen,  and  thus  producing  a 
supposed  new  class  of  bodies,  the  oxygenized 
ackls,  which  arc,  in  reality,  combinations 
of  the  ordinary  acids  with  oxygenized  water, 
or   with   the  deutoxide  of  hydrogen.     The 
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fint  DOlioe  of  these  rum  eempoonds  ap» 
peared  in  the  Awu  de  Chimk  et  .Pk^siftte^ 
▼iit  306,  for  July  1818;  since  which  time 
sevenl  additional  commtmicatioae  of  a  ray 
interesting  nature  haTe  been  made  by  the 
same  celebrated  chemist.  He  haa  likewise 
formed  a  compound  of  water  with  oxygen,  m 
which  the  proportion  of  the  Urtter  principle  is 
doubled,  or  616  times  its  ToluBie  is  added. 
The  methods  of  oxygeniang  the  ^quid  adds 
and  water  agree  in  ihia,  that  deutoxide  of 
barium  is  ibnned  first  of  all,,  ttom  which  the 
above  liquids,  by  a  subsequent  process,  derive 
their  oxygen.  He  prescribes  the  following 
precautions,  without  which  success  wiU  be 
only  partial: — 

1.  Nitrate  of  baiytes  should  first  be  ob. 
tained  perfectly  pure,  and  above  aU,  free 
fipom  iron  and  manganese.  The  moot  certain 
means  of  procuring  it  is  to  dissolve  the  ni- 
trate  in  watex,  to  i^  to  the  solution  a  small 
excess  of  bairtes  water,  to  filter  and  crys- 
talliie.    2.  The  pure  nitate  is  to  be  deorai- 

red  by  heat.  This  ought  not  to  be  done 
a  common  earthenware  retort,  because  it 
Gcmtains  too  mudi  of  the  oxides  of  iron  and 
manganese,  but  in  a  perfectly  white  porcelain 
retort.  Four  or  five  pounds  of  nitrate  of 
bary  tes  may  be  decomposed  at  once,  and  the 
process  will  reqniie  about  three  honn.  The 
baiytes  thus  procured  wiU  contain  a  consider- 
aUe  quantity  of  silex  and  dlumina;  but  it 
will  iiave  only  very  minute  traces  of  maaga« 
nese  and  iron,  a  drcumstanoe  of  essential 
importance.  3.  The  baiytes  divided  by  a 
knife  into  pieces  as  large  as  tlie  end  of  the 
thumb,  slKmld  then  be  placed  in  a  hited  tube 
of  glass.  This  tube  diould  be  long,  and 
large  enough  to  contain  from  2^  to  3^  Ibs^ 
It  is  to  be  surrounded  with  fire,  and  heated 
to  dull  redness,  and  then  a  current  of  dly 
oxygen  gas  is  to  be  passed  through  it  How- 
ever rapid  the  current,  the  gas  is  completdy 
absorbed;  so  that  when  it  passes  by  the 
small  tube,  which  ought  to  terminate  the 
larger  (me,  it  may  be  ocmduded  that  the 
deutoxide  of  barium  is  completed.  It  is, 
however,  ri^t  to  continue  the  current  for 
seven  or  ei^t  minutes  more.  Then  the  tube 
being  nearly  cold,  the  deutoxide,  which  ia  of 
a  light  grey  odour,  is  taken  out,  and  pre- 
served  in  stoppered  bottles.  When  this  is 
moistened  it  ffJls  to  powder,  without  much 
increase  of  temperature.  If  in  this  state  it  be 
mixed  with  seven  or  eight  times  its  weight  of 
water,  and  a  dilute  acid  be  poured  in,  it 
dissolves  gradually  by  agitation,  without  the 
evolution  of  any  gas.  Thesdution  is  neutral^ 
or  has  no  action  on  turnsole  or  tnxmcsic. 
When  we  add  to  this  solution  the  requidie 
quantity  of  sulphuric  add,  a  copious  pneL 
pitate  of  baiytes  falls,  and  the  filtered  liquor 
is  merdy  water,  holding  in  sdutibn  the  oxy- 
genized add,  or  deutoxide  of  hydrogen, 
bined  with  the  add  itsdf. 


Thedaas  of  adda  has  been  distributed  into 
three  oiden,  aeoording  m  tbey  Me  derived 
from  the  minend,  the  vegetable,  or  the  animid 
Idngdom.  But  a  more  specific  diatribation 
is  now  lequidte.  Tfa^  hatve  alao  been  ar- 
ranged into  those  wft&ch  have  a  single,  and 
those  whidk  have  a  oompooAd  basis  flc  xadicd. 
But  this  anangement  is  not  00I7  vague,  but 
liable  in  other  respects  io  considesable  objcc 
taons.  The  chief  advantage  of  a  daasificadon 
is  to  give  general  views  to  hcginmrs  in  the 
study,  by  grouping  together  sneh  substances 
m  Ittve  analogous  properties  m  couxpoatim. 
These  objects,  it  is  haptd,  w91  be  tolemblf 
wdl  attained  by  the  fobowing  divisions  and 
subdivinons. 

Dividon  Ist,  Adds  fisom  inorganic  nati»S| 
or  which  are  prooosable  witlKmt  having  re* 
course  to  animal  or  vegetable  prodtaots. 

Division  2d,  Adds  dhbosatpd  bj  mesns  of 
organizaticHi. 

The  first  group  is  subdivided  into  tlnee 
frmilies:  1st,  Oxygen  adds;  2d,  Hydrogen 
acids ;  3d,  Adds  destitute  of  bodk  these  sop- 
posed  addifiers. 

Family  1st.— jQxygen  adds^ 
Section  1st,  Non-metallic. 

1.  Borada  12.  Iodic 

2.  Bromic.  la  lodo-Sulpbiiria 

S.  Carbonic  14  Hypophosphorous. 

4.  Chloric.  15.  Phosphorous. 

5.  Perchloric?  16.  Phospfaatifc. 
e.  Chbro.Carboni&  17.  Phosphoric. 

7.  lodous.  18.  HyposolpfauxDus^ 

8.  Nitrous.  19.  Solphurous. 

9.  Hyponitric.  20.  Hyposulphuric 

10.  Nitric  21.  Sulphuric. 

11.  Hyponitious.        22.  Cyanic. 

Section  2d,  Oxygen  adds. — ^llf  eCallic. 

1.  Arsenic.  6»  Cdumbic 

2.  Arsenious.  7>  Molybdic. 

3.  Antimonious.  8.  Molybdous. 

4.  Antimonic  9*  Titanic 

5.  Chromic.  10.  Tungstic 

Family  2d.-.-Hydrogen  acids. 

1.  Fluoric.  7.  Hydiosdenic. 

2.  Hydriodic  8.  Hydioprasde,  or 
8.  Hydrochloric,  or  Hydrocyanic 

Muriatic  9.  Hydrosnlphuroos. 

4.  Ferroprussic  10.  Hydrotdlurous. 

6.  Fhio-titanic  11.  Hydroxanthic 
8.  Hydro-biomic  12.  Stdphuiopraasic 

Fmily  3d.— Adds  without  oxygen  or 
hydrogen. 

1.  Chloriodie.  3.  Pluoboric 

2.  Chloraprusdc,  or    4  Fhiosilidc 

Chlorocyanip. 

Division  2d.— Adds  of  organic  origin. 

1.  Abietic  3.  Acetic. 

2.  Aceric  4  Amnistic 
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5.  BmaOe.  38.  Uekatk? 

«.  Bdkde.  33.  MeEUdc 

7*  Bntyvic.  34.  MoraxyUc. 

&  Campliorie.  Sft.  Mode. 

ft.  Okprie,  C«pNK-   36.  Nuoeic  ? 
la  G^Mic  37.  Nitro-kudc. 

IL  GevMdic      -         36.  Nitto-ucchaiic 
I&  ChokMBfc;  Sa  Okie. 

13.  Ckff6  40.  Oxalic 

14.  ChMOBfe.  41.  Pectic 

I&  Af^Unle.  48.  PhDoenk. 

14L  EBa^?  43.  Pinic. 

17.  Fdnic.  44.  Piupuric. 

]&  FBfaDinlc.  46.  Pyrocitiic. 

19,  Fu^ie.  46.  Pynilithic. 

aiL  Gflllk.  47*  Pymmalic. 

21.  MyQwunBiHiif*       48.  Pjfvotirtinc. 
38.  ^BMDdc;  40.  RoMcie. 

23.  Kbne.  M.  Sftdacdc. 

84.  liMck.  61.  SdiKicP 

2&  liMtie.  52.  Snberic. 

8&  Irianfiie;  63.  Suodnic. 

27.  Liduc  «r  Uric       64.  Sulpbo- 

88.  MaUe.  naphthalic. 

89.  MflOOQic.  66.  Sulphoviok  ? 
36.  Menispamie?       66.  Tartaric 
31.  Hn^nJc 

TheacUsof  this  last  division  are  all  deoompoa- 
able  at  a  nd  heat,  and  afford  generally  carbon, 
lijuhmui^  mygeo,  and  in  some  few  cases  also 
'  The  melUtic  is  found  like  amber 


in  wood  ooal,  and,  like  it,  is  undoubtedly  of 
We  shall  tieat  of  tbem  all  in 


1  Oder,  only  joining  those  adds  to- 
gedis  widdi  gesduate,  so  to  speak,  into  each 
ocho;  as  byposolnhnioua,  snlphuiDtts,  hyp». 
sBlpfaaiMv  andsambufic 
AdB  (ABIETIC).    A  sabstanoe,  crys- 
"'  '  niare  plates,  soluble  in  alcohol, 

r  Ibmung  salts  with  the  alkalis, 
i  from  the  resin  of  the  Pitnu  Abiei 
by  M  •  Bgnp  of  lAuisannc 

ACID  (ACERIC).    A  peculiar  add  ssid 

to  sxkt  in  tlw  jvioe  of  the  maple.  It  is  deoom- 

posed  by  heat,  like  the  other  vegetable  adds. 

ACm  (ACKTIC).  The  Bsme  add  which, 

io  a  vcfy  diliite  and  somewhat  impute  state,  is 


ms  add  ia  found  combined  with  potaab 
'  i  nuccs  of  a  gnat  many  plants  ;paiticu- 


iMly  dK  sasBbacus  ni|^  iMoix  dactOife. 
ra,  gdinm  vcmm,  aadnms  typhinoa.  Sweat, 


I  even  fiedi  milk  contain  it.  It  is 
ftcqaentlf  geoenled  in  the  stomachs  of  dys- 
pepiie  patknts^  Almoat  all  dry  vegettfik 
■ibrtsnua,  and  some  animal,  oabjected  in 
ckse  vmeh  to  a  red  heat,  yi^  it  oopiootty. 
K 11  me  wuit  likewise  of  a  spontaneous  ftr>- 
■wtitstkn,  to  whkh  liquid  vegetable,  and  ani- 
isi—MM»  artliabte.  Stvong  adds,  as  tfao 
sd|*nife  aad  nitik,  devekm  the  aeede  by 
tUr  aetioa  on  vsntabks.  ft  was  kng  snp- 
p«ai  on  tke  aattwrity  of  Boerhaave,  that 
tbe  iwmiiaihin  wfaidi  forma  vinegar  is  uni- 
teiniy  fOoBded  by  the  vinous.    Tliis  is  a 


mistake!  Cabbages  sour  in  water,  making 
sour  cRMit;  staich,  in  staidi-makers*  sour 
waters;  and  dough  itself,  without  aoypres. 
vious  production  of  wbie. 

The  varieties  of  aoeticadds  Imown  in  com- 
meroe  an  four:  1st,  Wine  vinegar;  Sd, 
Mth  vinegar ;  3d,  Sugar  vinegar ;  4d),  Wood 
vinc^.  We  shall  describe  &8t  the  mode  of 
mamng  these  commercial  articles,  and  thai 
that  ofeztraclinff  the  absolute  acetic  acid  of 
the  chwnist,  dtner  from  these  vinegars,  or 
directly  from  chemical  compounds,  of  which  it 
tt  a  constituent. 

The  ibUowing  is  the  plan  of  making  .vhie. 
gar  at  present  practised  in  Paris.  The  whie 
destined  for  vinegar  is  mixed  in  a  Urge  turt 
with  a  quantity  of  wine  lees,  and  the  whole 
being  transfeired  into  doth-sadcs,  placed 
withm  a  large  iron-bound  vat,  the  liquid 
matter  is  extruded  through  the  sacks  by  super- 
incumbent pressure.  What  passes  through 
is  put  into  large  casks,  set  upright,  having 
a  small  aperture  in  their  top.  In  these  it  is 
exposed  to  the  heat  of  the  sun  in  summer,  of 
to  tliat  of  a  stove  in  winter.  Fermentation 
supervenes  in  a  few  days.  If  the  heat  should 
then  rise  too  high,  it  is  lowered  by  cool  air, 
and  the  addition  of  fresh  wine.  In  the  skil- 
ful regulation  of  the  fermentative  temporature 
consists  the  art  of  making  good  wine  vinegar. 
In  summer,  the  process  is  gcnerslly  completed 
in  a  fortnight :  in  winter,  double  tlie  time  is 
requisite.  The  vinegar  is  then  run  off  into 
banela,  wliich  contain  several  dupe  of  birch-' 
wood.  In  about  a  fortnight  it  is  found  to  be 
darified,  and  is  then  fit  for  the  market.  It 
most  be  kept  in  dose  casks. 

The  manufacturers  at  Orleans  prefer  wine 
of  a  year  old  for  making  vinegar.  But  if 
by  age  the  wine  lias  lost  its  extractive  mat- 
tcr,  it  does  not  readily  undergo  tlie  acetous 
fermentation.  In  this  case,  acetification,  as 
the  French  term  the  process,  may  be  deter** 
mined,  by  adding  slips  of  vines,  bunches  of 
grapes,  or  green  woods.  It  has  been  asserted, 
that  alcohol,  added  to  fermentable  liquor, 
does  not  increase  the  product  of  vinegar. 
But  this  is  a  mistake.  Stahl  observed  long 
ago,  that  if  we  moisten  roses  or  lilies  witir 
akohol,  and  place  them  in  vessek  in  which 
they  are  stirred  from  time  to  tkne,  vinegar 
will  be  formed.  He  also  inibrms  us,  if  after 
abstracting  the  dttk  add  flrom  lemon  juice 
by  crabs*  eyes  (carbonate  of  Ume),  we  add  a 
littk  akohol  to  the  supernatant  liquid,  and 
place  the  mixture  in  m  proper  temperature} 
vin^ar  will  be  formed. 

Chaptal  says,  that  two  pounds  of  weak 
spirits,  sp.  gr.  0.986,  mixed  vith  300  grains 
of  beer  yeast,  and  a  Uttk  stardi  water  pro- 
duced  extremdy  strong  vinegar.  The  add 
was  developed  on  the  &th  day.  The  same 
qnanti^  of  starch  and  yeast,  without  the 
spirit,  fermented  more  slowly,  and  yidded  a 
weaker  vinegar.    A  slight  motion  is  found 
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to  favour  the  fanoation  of  viiiegtf,  and  to 
eodangei  its  deoompontioD  after  it  is  made. 
ChapUl  aocribes  to  agitadon  the  operation  of 
thunder;  though  it  it  wdl  known,  that  when 
the  atmoaphefe  it  hig^y  decOified,  heer  it 
apt  to  become  tuddody  boot,  without  the 
concussion  of  a  thunder^stomL  In  oellan 
exposed  to  the  vibiations  occasioned  by  the 
rattling  of  carriages,  vinegar  does  not  keep 
welL  The  lees,  which  had  been  deposited  fay 
meant  of  isinoilass  and  repose,  axe  thus  jum- 
Ued  into  the  Uquor,  and  make  the  fermentfr* 
tion  recommence. 

Almost  all  the  vinegar  of  the  north  of 
France  bdog  prepared  at  Orleans,  the  manu- 
facture  of  that  place  has  acquired  such  cele- 
brity, as  to  render  their  process  worthy  of  a 
aepaiate  oonaideratioo. 

The  Orleans  casks  contain  nearly  400 
pints  of  wine.  >  Those  which  have  been  al> 
ready  used  are  prefeiied.  They  are  placed 
In  three  rows,  one  over  another,  and  in  the 
top  have  an  aperture  of  two  inches  diameter, 
kept  always  open.  The  whie  tm  aoetificatkin 
is  kept  in  adjoining  casks,  containing  beech 
tbavings,  to  which  the  lees  adhere.  The 
wine  thus  clarified  is  drawn  off  to  make  vine- 
gar. One  hundred  pints  of  good  vinegar, 
boiling  hot,  are  first  poured  into  each  cask, 
and  iSt  there  for  eight  days.  Ten  pints  of 
wine  are  mixed  in,  every  eight  days,  till  the 
vessela  axe  full.  The  vinegar  is  allowed  to 
xcmain  in  this  state  fifteen  days,  before  it  is 
exposed  to  sale. 

The  used  caaks,  called  motherty  are  never 
emptied  more  than  half,  but  axe  successively 
filled  again,  to  aoetifv  new  portions  of  wine. 
In  order  to  judge  if  the  mother  works,  the 
vinegar  makers  plunge  a  spatula  into  the  11. 
quid ;  and  according  to  the  quantity  of  froth 
which  the  Spatula  shows,  they  add  more  or 
less  wine.  In  summer,  the  atmospheric  heat 
is  sufiident.  In  winter,  stoves  heated  to  about 
750  Fahr.  maintain  the  requisite  temperature 
in  the  manufactory. 

In  some  country  districts,  Ihe  people  keep 
in  a  place  where  the  temperature  is  mUd  and 
equable,  a  vintgor  etuk^  into  which  they  pour 
such  wine  as  mey  wish  to  acetify;  and  it  is 
always  preserved  full,  by  repUuang  the  vine- 
gu  drawn  off,  by  new  wine.  To  establish 
this  household  manufacture,  it  is  only  neces> 
sary  to  buy  at  first  a  small  cask  of  good 
vinegar. 

At  Gand  a  vinegar  from  beer  is  made,  in 
which  the  following  proportions  of  grun  are 
found  to  be  most  advantageous : — 

laaO  Paris  lbs.  malted  barley. 
700    .       —  wheat. 

600  —  buck  wheat. 

These  grains  arc  ground,  mixed,  and  boiled, 
aloog  with  twenty^seven  casks-ftill  of  river 
water,  fka  throe  hours.  Ei^teen  casks  of 
good  beer  for  vinegar  are  obtained.  Bv  a 
aubaeqacnt  decoction,  more  fermentable  liqiud 


is  extracted,  whldh  is  mixed  with  the  finmer. 
The  whole  brewing  yields  3000  Englidk 
quarts. 

In  this  oouatry,  vinegar  is  usually  made 
from  malt.  By  mashing  with  hot  watex, 
100  g^OQs  of  wort  aie  extracted  in  less  than 
two  hours  from  1  boll  of  malt.  When  the 
liquor  has  faflen  to  the  tcmperatoie  of  76^ 
Fahr.  4  gallons  of  the  bairn  of  beer  are 
added.  After  thirty-siz  hours  it  is  racked 
off  into  casks,  widen  are  1^  on  their  aidea, 
and  exposed,  with  their  bung^hdes  loosely 
ooverad,  to  the  influence  of  the  sun  in  sum- 
mer;  but  in  winter  they  are  arranged  in  a 
stove-room.  In  three  months  this  vinegar  la 
ready  for  the  manufacture  of  sugar  of  lead. 
To  make  vinegar  for  domestie  use,  however, 
the  process  is  somewhat  different^  The  above 
liquor  is  racked  off  into  casks  placed  upright, 
having  a  false  cover  pierced  with  boles  fixed 
at  about  a  foot  from  their  bottom.  On  thia 
a  considerable  quantity  of  rope,  or  the  reftue 
from  the  nudurs  of  British  wine,  or  otherwise 
a  quantity  of  low  priced  raisins,  is  laid.  The 
liquor  is  turned  into  another  barrel  every 
twenty-four  hours,  in  which  time  it  has  begun 
to  grow  warm.  Sometimes,  indeed,  te  vine- 
gar  is  frdlv  fermented,  as  idiove,  without  the 
rape,  which  is  added  towards  the  end,  to  com. 
municate  flavour.  Two  large  casks  are  in 
this  case  worked  together,  as  is  described  loii^ 
ago  by  Boerfaaave,  as  follows : — 

**>  Take  two  large  wooden  vats,  or  hogsheads, 
and  in  each  of  these  place  a  wooden  srate  or 
huidle,  at  the  distance  of  a  foot  from  the  bot- 
tom. Set  the  vessel  upright,  and  on  the  grate 
place  a  moderately  dose  layer  of  green  twigs, 
or  fresh  cuttings  of  the  vine.  Then  fiU  up 
the  vessel  with  the  footstalks  of  grapes,  com* 
monly  called  the  rape,  to  the  top  of  the  vessd, 
whidi  must  be  left  quite  open. 

'^  Having  thus  prepared  the  two  vesseh, 
poor  into  them  the  vnne  to  be  converted  into 
vinegar,  so  as  to  fill  one  of  diem  quite  up, 
and  the  other  but  half  fuU.  Leave  them 
thus  for  twenty-four  hours,  and  then  fill  up 
the  half  filled  vessel  with  liquor  from  that 
which  is  quite  foil,  and  which  will  now  in  its 
tum  only  be  left  half  foil.  Four-and-twenty 
hours  afterwards  repeat  the  same  operatioD, 
and  thus  go  on,  kee|ung  the  vessels  alternately 
full  and  half  full  during  twentv-four  hours 
till  the  vinegar  be  made.  On  the  second  or 
third  day  there  will  arise  in  the  half  filled 
vesselr  a  fermentative  motion,  accompanied 
with  a  sensible  heat,  which  will  gradusJly  in- 
crease from  day  to  day.  On  the  contrary, 
the  fermenting  motion  is  almost  imperceptible 
in  the  ftdl  vessel ;  and  as  the  two  vessds  are 
alternately  full  and  half  foil,  the  fenmeotation 
is  by  this  means  in  some  measure  intenupted, 
and  is  only  renewed  every  other  day  in  each 
vessel. 

'^  When  this  motion  appears  to  haver enthndy 
ceased,  even  in  the  half  filled  vessel,  it  is  a  sign 
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dbt  diefamifiHitinn  is  fti^iAnd  ;  and  thenAm 
the  mepx  b  then  to  \>e  put  into  casks  dose 
itopped, and keptin  »  cool  place. 

^*  A  gmia  OK  leas  degree  of  womiUi  ac- 

oeienlcs  ok  chcdBathlay  aa  well  aa  the  imirim- 

oQs  fcmwDts^on.    In  Ftsdcc  it  ia   finished 

in  tboQt  fifteen  days,  dtizii^  the  Bummer; 

but  i{  ibe  beat  of  the  air  be  yerj  great,  and 

exceed  the  twcDCy-fifUi  deg;Eee  en  Rcanmur'a 

thamooKter   (88V*   F^br-)?    the  half  filled 

Tenel  onat  be  fil^  up  every  twdve  hoazs ; 

becKBiy  if  the  fenncntstHm  be  not  to  checked 

io  that  time,  it  wiD  become  violent,  and  the 

liqiMK  wiU  be  so  bested,  thai  many  of  the 

spiritaoua  paxta,  on  whidi  the  strength  of  die 

vinegar  dependa,  vlA  be  diwripatrd,  so  that 

DotlSng  nulreniain  after  the  fexmcntatian  bnt 

a  vspd  bqaor,  aooz  indeed,  but  effete.    The 

better  to  pKCfcnt  die  disripatinn  of  the  spu 

ntnoos  psita.  It  ia  a  proper  and  usual  pie- 

csBtkn  to  dose  the  mouth  of  the  half  filled 

Teesd,  in  vhicfa  the  liquor  fenncnts,  with  a 

cover  made  of  oak  woiod.    As  to  the  iuU 

yaadt  it  is  always  left  open,  that  the  air  may 

act  fredy  on  the  liquor  it  contains;  for  it  is 

notliaUe.to  the  same  inconveniences,  because 

it  fiermotts  Tery  dowly." 

ttood  vinegar  msy  be  made  iWim  a  weak 
synip,  fiiishng  of  18  Ob  of  sugar  to  every 
gsDon  of  water.  The  yeast  and  rape  are  to 
be  hcse  used  as  above  dcKribed.  Whenever 
the  vinegpr  (from  the  taste  and  flavour)  is 
rntmidtnA  to  be  complete,  it  ought  to  be 
dpranted  into  tight  burds  or  bottles,  and 
we[(  secured  fitom  access  of  air.  A  momen- 
tary efadiitk»  beftxe  it  is  bottled  is  found 
fiivwmlile  to  its  preservatioa  In  a  large 
r  of  malt  vinegar,  a  considerable 
ivcd  from  the  sale  of  yeast  to  the 
hakeia. 


Vinegn  obtained  by  the  preceding  methods 
has  mass  er  less  of  s  brawn  oohmr,  and  a 
urrBliar  bt  rather  gratefal  smdL    By 
Vrtaon  in  ^ass  veaKb  the  odouring  i 
which  resScs  in  a  nradlage,  is  separate 


a 
distiU 


i  nradlage,  is  separated,  but 
the  fragrant  odoor  is  generally  replaced  by 
sa  emji/ieumatic  one-  The  best  French  wine 
yhiegaw,  and  also  some  from  malt,  contain  a 
little  aloohdl,  which  comes  over  early  with 
the  wateiy  part,  and  renders  the  first  product 
of  distillation  scsicdy  denser,  sometimes  even 
leaa  dense,  than  water.  It  is  accordingly 
D^ected.  Towards  the  end  of  the  distillation 
the  empyreoma  increases.  Hence  only  the 
iwrnnwliate  poitkms  are  retained  as  distilled 
viaegsr.  Ita  specific  gravity  varies  firam  1.005 
to  14^15,  while  that  of  common  vbiegar  of 
cqsd  strength  varies  from  1.010  to  1.025. 

A  cmde  vinegar  has  been  kmg  prepared 
fior  the  calico  printers,  by  subje^ing  wood 
in  ino  retorto  to  a  strong  red  heat  The 
CoBowiag  arrangement  of  apparatus  has  been 
fimnd  to  answer  wdL  A  series  of  cast-iron 
^linden,  about  4  feet  diameter,  and  0  feet 
long^  aie  bollt  horiaontally  in  brick-work,  so 


that  the  flame  of  onelumaoe  may  i4ay  round 
about  two  cylinders.  Both  ends  project  a 
little  from  the  brick-work.  One  of  them 
has  a  disc  of  cast-iron  wdl  fitted  and  firmly 
bdted  to  it,  from  the  centre  of  whkh  disc  an 
iron  tube  about  6  indies  diameter  proceeds, 
and  enters  at  a  right  angle  the  main  tube  of 
refrigeration.  The  diimieter  of  this  tube 
may  be  from  9  to  14  inches,  according  to  the 
number  of  cylinders.  The  other  end  of  the 
cylinder  is  called  the  mouth  of  the  retort. 
This  is  dosed  by  a  disc  of  iron,  smeared 
round  its  edge  with  day-lute,  and  secured 
in  its  place  by  wedges.  The  charge  of  wood 
for  such  a  cylin£r  is  about  8  cwt.  The 
hard  woods,  oak,  ash,  birch,  snd  beedi,  are 
done  used.  Fir  does  not  answer.  The  heat 
is  kept  up  during  the  day-time,  and  the  frur. 
nace  is  allowed  to  cool  during  the  night. 
Next  morning  the  door  is  opened,  the  char- 
coal removed,  and  a  new  charge  of  wood  is 
introduced.  The  average  product  of  crude 
vinegar  called  pyrolignous  scid  is  35  gallons. 
It  is  much  contaminated  with  tar ;  is  of  a 
deep  brown  colour;  and  has  a  sp.  gr.  of 
1.025.  Its  total  weight  is  therefore  about 
300  lbs.  But  the  residuary  charcoal  is  found 
to  weigh  no  more  dian  one-fifth  of  the  wood 
employed.  Hence  nearly  one-hdf  of  the 
ponderable  matter  of  the  wood  is  dissipated 
in  incondensable  gases.  Count  Ruinford 
states,  that  the  charcoul  is  equal  in  weight  to 
more  than  four-tenths  of  the  wood  from 
which  it  is  made.  The  Count*s  error  seems 
to  have  arisen  from  the  sUght  heat  of  an  oven 
to  which  his  wood  was  exposed  in  a  glass 
^linder.  The  result  now  given  is  the  expe- 
rience of  an  eminent  manufacturing  chemist 
at  Glasgow.  The  crude  pyrolignous  acid  is 
rectified  by  a  second  distillation  in  a  copper 
sdll,  fai  the  body  of  which  about  20  gallons 
of  viscid  tarry  matter  are  left  from  every  100. 
It  has  now  become  a  transparent  brown  vi- 
negar, having  a  considerable  empyreumatic 
smdl,  and  a  sp.  gr.  of  1.013.  Its  add 
powers  are  superior  to  those  of  the  best  housc- 
nold  vinegar,  in  the  proportion  of  3  to  2. 
By  redistifiation,  saturation  with  quicklime, 
evaporation  of  die  liquid  acetate  to  dryness, 
and  gende  torrefrcdon,  the .  empyreumatic 
matter  is  so  completdy  dissipated,  that  on 
decomposing  the  calcareous  salt  by  sulphuric 
add,  a  pure,  perfectly  colourless,  and  grateful 
vinegar  rises  m  distillation.  Its  strength  will 
be  proportional  to  the  oonoentzation  of  the  de- 
composing add. 

The  acetic  add  of  the  chemist  may  be 
prepared  in  the  following  modes:  1st,  Two 
parts  of  fused  acetate  of  potash  with  one  of 
the  strongest  oil  of  vitriol  yidd,  by  slow  dis- 
tillation from  a  glass  retort  into  a  refriger- 
ated receiver,  concentrated  acetic  acid.  A 
small  portion  of  sulphurous  add,  which  oon- 
laminates  it,  may  be  removed  by  rddisiilla- 
don,  from  a  little  aceUte  of  lead.    2d,  Or 
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4  parts  ti  godd  sogar  of  lead,  willi  1  ^ort  of 
snlphuiio  acid  Created  in  the  same  way,  aifi>rd 
a  slightly  weaker  aebtic  acid.  3d,  Gently 
calcined  sttlphbte  of  iion,  oi*  greeii  yitaol^ 
ndlsSed  Willi  sbgai'  of  lead  in  the  proportion 
of  1  of  the  former  to  2^  of  tike  latter,  and 
dtte^iDy  distUled  ftom  a  porcelain  retort  into 
A  cooled  receiver,  may  be  also  etfnsideKd  a 
good  economical  process.  Or  without  d!s> 
tSllatifm,  if  IW  MitB  of  weD  dried  scetete  of 
lime  Be  cantsoam^  added  to  OD  parts'  of  strong^ 
tfiilphtttlc  add,  ^tttsd  ^th  5  parta  of  wAtei; 
and  digested  f^  24  honsrs,  and  strained,  a 
good  acetic  add,  sufficiently  stiong  fbr  every 
didteary  parpose,  wfU  be  obtained. 

Thfr  distiUation  of  acetate  of  coroer  or  of 
lead^UffT  le,  has  also  been  emfdoyed  for  ob- 
taining strong  add.  Here,  however,  die 
prodUtt  is  mixed  with  a  portion  cf  the  fta- 
granir  pyro-acedc  spixit,  which  it  is  trouble-' 
some  Ito  get  rid  of.  Undoubtedly  the  best 
process  for  the  strong  add  is  that  first  de- 
scribed; and  the  cheapest  the  second  or  third. 
When  of  the  utmost  possible  strength  its 
sp.  gmvity  is  1.0^.  At  the  temperature  of 
50*  F.  it  assumes  the  solid  form,  crystalliz- 
ing in  oblong  rhomboidal  plates.  It  has  an- 
extremely  pungent  odour,  affecting  the  nos- 
trils and  eyes  even  pttinAiDy,  when  its  vapour 
is  incautiously  snufied  up.  Its  taste  is  emi- 
nently  add  and  acrid.  It  excoriates  and  in- 
flames the  skin. 

The  purified  wood  vinegar,  which  is  used 
ffft  ^Ides  and  culinary  purposes,  has  com- 
monly  a  spedfic  gravity  of  about  1.009; 
when  it  is  equivalent  in  add  strength  to  good 
wine  or  malit  vinegar  of  1.014.  It  contains 
about  ^  of  its  wdght  of  absolute  acetic 
add,  and  ^  of  Water.  An  excise  duty  of 
4d.  is  levied  on  every  gallon  of  vinegar  of 
the  above  strength.  This,  however,  is  not 
estimated  direclEly  by  its  sp»  gr«  bbt  by  the 
sp^  gr.  which  results  from  its  saturation  with 
quicklime.  The  dedmal  number  of  the  sp. 
gr.  of  the  calcareous  acetate  is  nearly  double 
tiiat  of  the  pure  wood  vinegar.  Thus  1.009 
id  vinegar,  becomes  1.016  in  liquid  acetate. 
But  the  vinegar  of  fermentation  =  1.014  will 
become  oid^y  1.023  in  acetate,  ftom  whidi,  if 
0.006  be  subtracted  for  mudlage  or  ex- 
tractive,  the  remainder  will  agree  wltii  the  den* 
dty  of  Uie  acetate  from  wood.  A  gbss  hy^ 
dtometer  of  Fahrenhdt's  construction  is  used' 
fbr  findhi^  the  spedfic  gravities.  It  consists 
of  a  globe  about  3  inches  dismeteiv  havine  a 
little  ballast  bsU  drawn  out  beneath,  and  a 
stem  above  of  about  3  inches  long,  contain- 
ing a  sKp  of  paper  with  a  transverse  line  m 
the  mHl&,  and  surmounted  ndth  a  little  cup 
for  recdving  weights  or  poises.  The  exMi. 
ments  on  whidi  this  instrument,  caUea  an 
jfcctomeierj  is  constructed,  have  been  detailed 
in  the  sixth  volume  of  the  Journal  of  Sdenoe. 
They  do  not  difiTer  essentially  from  those  of 
MoUernt.    The  following  points  were  deteiw 


mined  by  thii^  diemist  The  add  of  sp.  gr. 
1.068  requires  2^  times  iu  we%ht  of  crys-^ 
tallized  subcarbonate  of  ssda  for  saturation, 
whence  M.  Th^nard  regards  it  as  a  com- 

r ad  of  1 1  of  water,  and  SO*  of  real  add  in 
I'OO  parts.  Combined  witii  water  m  the 
proportion  of  100  to  112.2,  it  do«s  nor 
change  its  dendty,  but  it  then  remains  liquid 
sevenl  degrees  bdow  the  freezing  point  of 
water.  By  diluting  it  With  a  smaller  quan- 
fity  of  water,  its  sp.  gr.  augments,  a  di^m- 
stance  peeuHar  to  this  add.  It  is  1.079,  or 
at  its  maximum,  when  the  water  fbnns  one- 
third  of  the  weight  of  the  add.^^fw.  de 
Chimie,  tom.  60. 

The  foUowing  table  is  given  by  Bfessrs; 
Taylor,  as  the  basis  of  their  acetometefr — 

Revenue  proof  add,  cafied  by  the  maim, 
fiu^urer  No.  24. 

sp.  gr.  1 .0085  contains  real'  add  in  FOO;       5 
1.0170        -        -        -        .  lO 

1.0267        -        -        -        -  19 

1.0320  -  .  -  -  30 
1.0470  ....  30 
1.0580        ....         40 

An  acetic  add  of  very  oonsiderable  strengtii 
may  also  be  prepared  by  saturating  perfeedy 
dry  diarooal  with  common  vinegar,  and  then 
distQIing.  The  water  eas3y  oomes  off,  and 
is  separated  at  first;  but  a  stronger^  heat  ih 
required  to  expd  the  add.  Or  by  exposing 
vinegar  to  very  cold  air,  or  to  freezing  mix- 
tures, its  water  separates  in  the  state  of  ice, 
the  interstices  of  wluch  are  occupied  by  a 
strong  acetic  add,  wliich  may  be  procured  by 
draining.  The  acetic  add  or  ra^Ucal  vinegar 
of  the  apothecaries,  in  which  they  dissolve  a 
litde  camphor,  or  fragrant  essential  ofl,  has 
a  spedfic  gravity  of  about  1.070.  It  oontdns 
fully  1  part  of  water  to  2  of  the  crystallised 
add.  The  pungent  smdllng  salt  consbts  of 
sulphate  of  potash  moistened  with  that  add. 
Acetic  add  acts  on  tin,  iron,  zinc,  copper, 
and  nidcd;  and  it  combines' readily  wfth  the 
oxides  of  many  other  metals,  by  mixing  a  so. 
lution  of  thdr  sulphates  with  that  of  an  acetate 
of  lead. 

This  add,  as  it  exists  in  the  acetates  of 
barytes  and  of  lead,  has  been  analysed  by 
MM.  Oay  Lussae  and  Thenard,  and  also  \^ 
BeraeUus. 

Gay  Lussae  found  60.224  carbon,  6.0S9 
hydrogen,  and  44,147  oxygen;  or,  in  other 
terms,  60.224  carbon,  46i811  of  water,  or  its 
dementsry  constituents,  and  2.863  oxygen  in 
excess. 

Berzelius,— 46.83  carb.  6.33  hydt.  and 
46.82  oxygen  in  the  hundred  parts. 

Their  methods  are  described  under  \^k. 
obtaHls  (Akaitsis).  By  saturating 
known  wei^ts  of  bases  idth  acetic  acid,  and 
ascertaining  the  quantity  of  acetates  obtained 
after  cautious  evaporation  to  dryness.  Bat' 
seiitts  obtahied  wim  lime  (3«66)  6.5  for  tiie 
prime  etiuivalcnt  of  acetic  add,  and  wilii  yd^ 
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of  kid  9AS2, 
mtadk  wffi  be  poUBhcd  in  a  defdkd  Ibnii, 
iodoce  me  t»  fix  ilic  pdme  of  aeetic  add  at  7*0. 
Acetic  add  daaatitw  icafaii,  gnm  ledni^ 
cainplioB»  wl  miatial  oila.  Iti  odonr  k 
employed  ]&  inediriiie  to  icBtve 
h^r**^^**^  famidDg  fits,  or  aidmesa  occaaionrd 
by  ciowded  IO0IM.  Inadi^j  dflmaatali^ 
'  I  ks  been  iboiid  to  cheek  he* 
i  the  DflHiaa.  Iti  attdean. 
are  now  little  traated  to.  It 
Ji'vayjafgdynoed  IB  caUeo  printing;  Mou 
deniriy  netted  mriigBOiia  add  haa 
neottunaoded  foe  the  uieatx  vatna  of  a 


isod;  hat  die  cmpyreomatic  taint  it 

•o  bodiea  isDmencd  in  it,  is  not 
by  Aeir  aabMqnent  eboUition 
See  AciB  (Ptboligvovb.) 
Aeetk  add  and  eonomon  vinegar  aie  80B:ie. 
lamea  fiandalaidj  mixed  widi  aulpfande  add 
to  give  tfacDD  ftxengtfa.  This  adulteration  may 
be  delected  by  die  nddllioD  of  a  little  dialk, 
dbrt  ef  tiieir  aatnmtion.  With  part  Tinegae 
the  Qdeneoua  baae  finina  a  limpid  aohitlons 
bat  vidi  aalphinic  add  a  idute  inaolnble 
gypann.  Mmiate  of  baiytea  is  a  tdll  nioer 
teaL  Brkiab  feOMDfted  nneMn  axe  aDowed 
by  Imt  to  contaki  a  Htde  anlphnde  acid,  bat 
the  qwuMiiy  hi  fteqoendy  exoecdci.  Copper 
b  diaeowud  m  vinegan  by  aapenatuntmg 
ihtai  ^di  ir™"""**,  when  a  fine  Mae  ooloor 
ia  imdneed;  and  lead  by  sulphate  of  soda, 
hjrdneidplnneta,  aid  sulphuretted  hydragco. 
Ndae  of  dHseahooId  pnidnce  any  change  on 

Aoede  acid  diiaelyes  deutozide  of  barium 
Bcnoe.    By  precipitating  the 
I  widi  anlpfanric  acid,  there  remaina  an 
oed  acid,  wUdi,  being  satuiated  with 
,  nd  heated,  allows  a  great  ouantity  of 
ayvea  g»  to  escape.    Then  is  disengaged 
t  tCe  SHse  time  a  notable  qnantiQF  of  carbon 
This  shows  that  the  oxygen, 
I  by  heat,  unites  in  part  widi  the 
doBbdess  likewise  with  the  By- 
lofdKsdl    It  is  in  ihct  acetic  deal. 

i  mhftaOgBBm 

finlts  eondltaig  of  die  sennl  boMs,  united 
iadrfmse  proportions  to  aoedc  acid,  ars  called 
amtarwi  Theyaredisnctcdaedby  thepun- 
gmt  amdl  of  vinegar,  wfaidi  diey  exhale  on 
dseaAskHi  ef  sulphnric  acid;  and  bydieir 
dislflbtJOB  in  a  modente  led  heat 
>  odonma,  and  coubustible  liquid 
pyioawds  ^snmiT);  which  se& 
They  aie  aD  aolnble  in  water ;  many  ci  them 
■D  naaeh  so  aa  to  benncrf8taIliBd>le.  About 
39  difienot  aeetatas  have  been  ranned,  of 
vkidh  cnly  n  very  few  have  been  applied  to 
iteiwaeriiftu 

Tlvacede  addunltBawidi  dl  die  alkalia 
aad  BBSit  of  die  eardis^  and  with  diese  bases 
it  tens  esmpoands^  some  of  which  are  crys" 
The  aalta-k  foims  are  dktin^ 
\  by  tbck  gnac  sDhibiiky;  thdr  do- 


by  fire^  wnfdi  earbuuMBs  mem  j 
the  spontaneoas  alteration  ef  their  M^tfcm; 
and  their  decompotidon  by  a  greet  number  of 
adds,  wliidi  extricate  from  tliem  die  aoetk 
add  in  a  ooncentxated  Btatok  It  unites  Iflfewke 
ofthemelaUkOKkfes. 

With  barytas,  the  ssliue  maai,  by  spea^ 
taneons  evaporation,  oryMalliBes  in  line  tnms- 
parent  prismade  needM,  of  a  Httakh  add 
taste,  which  do  not  deliquesee  when  exposed-  to 
the  air,  but  rather  efloresoe. 

Widi  potadi  diis  add  unites,  and  Ibims  a 
deUquesoent  salt  scaicdy  erystaltimible,  called 
ionncdy  iUiated  earth  of  tartar,  and  regene. 
rated  tartar.  The  sdudon  of  thk  salt,  even 
in  dosdy  stopped  vessek,  isspontaneoudy  do* 


1th  soda  It  forms  a  erystsllisabk  sdt; 
iduch  does  not  deBquesce. 

The  salt  formed  by  dlasoiving  didk  or 
oAa>  calcareooa  earth  in  distilled  vinegar,  has 
a  duup  bitter  taste,  and  appear^  in  Ae  form  of 
dlfcy  crystals. 

The  acetate  of  strondan  has  a  sweet  taste, 
m  very  soluble,  and  is  easily  deeomposed  by  a 
diongbeat. 

The  salt  formed  by  uniting  vinegar  With 
ammoniat  aneiendy  called  fpirit  of  JUindo- 
nms,  k  generally  in  a  liquid  state,  and  b 
eommonlv  bdieved  not  to  be  crystallizable. 
It  neverthdess  may  be  reduced  into  the  fonoi 
of  small  needle-shaped  crystals,  when  diis 
liquor  k  evaporated  to  die  consistence  of  a 
syrup. 

With  magnesia  the  acedc  add  fonODs  a  vis- 
dd  saline  mass,  which  does  not  dioot  into 
crystalsi  but  remdns  ddiqueseent,  has  a  taste 
sweetish  at  first,  and  afterwards  bitter,  and  k 
solnblein  spirit  of  wine. 

Glodne  k  readily  ^Bsadved  by  acetic  add. 
Thk  sdlntion,  as  Vanqudin  informs  us,  does 
not  crystallise ;  but  k  reduced  by  evaporation 
to  a  gumm^  substance,  which  dowly  becomes 
dry  and  bntde ;  retaining  a  kind  of  ductility 
for  a  long  time.  It  has  a  saccharine  and  pretty 
strongly  astringent  taste,  in  whidi  that  of 
vimttar  however  k  dkdnguishable. 

l^tria  disaolves  readily  in  acetic  add,  and 
the  solution  yidds  by  evaporation  crystak  of 
acettte  of  yttria.  These  have  commonly  the 
fom  of  thick  six-sided  plates,  and  are  not 
dtered  by  exposure  te  the  air. 

Aoetate  of  dumina  k  commonly  made  by 
adding  gradually  to  a  boiling  solution  of  dum 
hi  water  a  sdudon  of  acetate  of  lead,  till 
no  ftotfaer  predpltote  ensues.  The  sulphate 
oflead  having  subdded,  decant  the  supernatant 
Hquoc,  evaporate,  and  the  acetate  of  dumina 
may  be  obtdned  m  smaR  needlb-diaped  crys- 
tals,  having  a  strong  styptic  and  acetous  taste. 
Thk  sdt  k  of  great  use  in  dyeing  and  calioo- 
pnnting.    See  Aluxika. 

Aoetate  of  siroone  may  be  fonned  by  pour- 
ing acetic  add  on  newly  preripated  nroone. 
it  has  an  astringent  taster    It  does  not  crys- 
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tallise;  but  when  evaporated  to  dryneM,  fotmt 
a  powder,  which  does  not  attract  moktun 
from  the  air.  It  is  very  soluble  both  in  water 
and  alcohol ;  and  is  not  so  easily  decomposed 
by  heat  as  nitrate  of  zhroooe. 

Concerning  the  action  of  vinegar  on  akohol, 
•ee  Ether. 

M.  Vauquelin  has  found  that  acetic  add 
may  be  combined  with  volatile  oils.  See 
Oils  (Volatile.) 

See  Spirit  (Pyro-acetic). 

Vinegar  dissolves  the  true  gums,  and  partly 
the  gum  resins,  by  means  of  digestion. 

See  Salt,  for  a  tabular  view  of  the  con- 
stitution of  the  Acetates. 

ACID  (AMNIOTIC).  On  evaporating 
the  liquor  amnii  of  the  cow  to  one-fourth, 
Vauquelin  and  Buniva  found,  that  crystals 
form  in  it  by  cooling.  These  crystals  when 
washed  with  a  little  water,  are  white  and 
shining,  slightly  acid  to  the  taste,  redden  lit- 
mus paper,  and  are  a  little  more  soluble  in  hot 
than  cold  water.  With  the  alkalis  this  acid 
forms  very  soluble  salts,  but  it  does  not  de- 
compose Uie  carbonate  without  the  assistance 
of  heat. 

Dr.  Prout  could  not  find  this  add  in  the 
aoomiotic  liquor  of  the  cow,  though  he  sought 
for  it  with  much  pains.  Hence  its  existence 
is  questionable* 

ACIDS  (ANTIMONIC  AND  ANTI- 
MONIOUS).    SeeAKTiMOKT. 

ACID  (ARSENIC).  We  are  indebted  to 
the  illustrious  Schede  for  the  discovery  of  this 
add,  though  Maoque/  had  before  noticed  its 
combinations.  It  may  be  obtained  by  various 
methods.  If  six  parts  of  nitric  acid  be  poured 
on  one  of  the  concrete  aisenious  acid,  or  white 
arsenic  of  the  shops,  in  the  pneumatol«hemical 
^iparatus,  and  heat  be  applied,  nitrous  gas  will 
be  evolved,  and  a  white  concrete  substance, 
differing  in  its  properties  from  the  arsenious 
add,  will  remain  in  the  retort.  This  is  the 
arsenic  add.  It  may  equally  be  prooiied 
by  means  of  aqueous  chlorine,  or  by  heating 
conoentiated  nitric  add  with  twice  its  weight 
of  the  solution  of  the  arsenious  add  in  muri- 
atic add.  The  concrete  acid  should  be  exposed 
to  a  dull  red  heat  for  a  few  minutes.  In  dther 
case  an  add  is  obtained,  that  does  not  cry». 
tallixe,  but  attracts  the  moisture  of  the  air,  has 
a  sharp  caustic  taste,  reddens  blue  vegetable 
colours,  is  fixed  in  the  fire,  and  of  the  specific 
gravity  of  3.381. 

If  die  arsenic  add  be  exposed  to  a  red 
heat  in  a  glass  retort,  it  mdts  and  becomes 
transparent,  but  assumes  a  milky  hue  on 
cooling.  If  the  heat  be  increased,  so  that 
the  retort  begins  to  mdt,  the  add  boils,  and 
sublimes  into  the  neck  of  the  retort.  If  a 
covered  crudble  be  used  instead  of  a  glass 
retort,  and  a  violent  heat  applied,  the  acid 
boils  strongly,  and  in  a  ouarter  of  an  hour 
begins  to  emit  fumes.  Tiiesc,  on  being  re- 
cdvod  in  a  glass  betl,  are  found  to  be  arsenious 


add  ;  and  a  small  quantity  of  a  tianspavent 
glass,  difficult  to  fuse,  wiu  be  found  lining 
the  sides  of  the  crudble.  This  is  arseniale  of 
alumina. 

Combustible  substances  decompose  this 
add,  and  diminate  metallic  arsenic. 

If  pure  arsenic  add  be  diluted  with  a  small 
quantity  of  water,  and  hydrooen  gas,  as  it  is 
evolved  by  the  action  of  sulphuric  add  on 
iron,  be  received  into  this  transparent  solu- 
tion,  the  liquor  grows  turbid,  and  a  blackish 
predpitate  is  formed,  which  bdng  well  washed 
with  distilled  water,  exhibits  sJl  the  pheno- 
mena of  arseniCi  Sometimes,  too,  a  bladdah- 
grey  oxide  of  arsenic  is  found  in  this  process. 

If  sulphuretted  hjrdrogen  gas  be  employed 
instead  of  simple  hydio^  gas,  water  and  a 
sulphuret  of  arsenic  are  obtuned. 

With  phosphorus,  phosphoric  arid  is  ob- 
tained, and  a  phosphuret  of  arsenic,  whidi 
sublimes. 

According  to  Lagrange,  two  parts  of  water 
are  sufiident  to  diuolve  one  of  arsenic  add. 
It  cannot  be  crystallised  by  any  means;  but 
on  evaporation,  assumes  a  thick  honeyJike 
cooslBtence. 

Arsenic  add  combines  with  the  earthy  and 
alkaline  basea,  and  forms  salts  very  different 
from  those  fumished  by  the  aisenious  acid. 

All  these  arseniates  are  decomposable  by 
charcoal,  which  separates  arsenic  from  tfaem  by 
means  of  heat. 

.  Bendius,  from  the  result  of  accurate  expe- 
riments  on  ^e  arseniates  of  lead  and  barytes, 
infers  the  prime  equivalent  of  arsenic  acid  to 
be  14.4569,  oxygen  bdng  1.0. 

On  this  supposition, .  Beizelius*s  insoluble 
salts  will  consist  of  two  primes  of  base  sod  one 
of  add ;  and  the  add  itself  will  be  a  com- 
pound of  5  of  oxygen  =6,  +  9.5  of  the  roc 
tallic  base  =  14.5 ;  for  direct  experimeDts 
have  shown  it  to  consist  of  100  metal,  and 
about  63  oxygen.  But  153  :  100  :  t  14.5  : 
9.5  nearly. 

While  Proust  and  Berzelius  concur  in  as- 
signing  the  proportion  of  53  oxygen  to  100 
metal  in  this  add,  Thenard  states  its  coin- 
podtion  at  56.25  to  100,  and  Dr.  Thomson 
at  61.4  to  too.  By  the  latter  authority,  its 
prime  equivalent  becomes  4.75  metal  -f  3 
oxygen  =  7.75 ;  and  that  of  arsenious  add 
4.75  -h  2  =  &75. 

All  its  salts,  with  the  exception  of  those  of 
potash,  soda,  and  ammonia,  are  insoluble  in 
water ;  but  except  arseniate  of  bismuth,  and 
one  or  two  more,  very  soluble  in  an  excess 
of  arsenic  add.  Hence,  after  barytes  or 
oxide  of  lead  has  been  predpitated  by  this 
add,  its  farther  addition  redissolves  the  pre- 
cipitate. This  is  a  useful  criterion  of  the 
add,  joined  to  its  reduction  to  the  metallic 
state  by  charcoal,  and  the  other  characten 
already  detailed.  Sulphuric  add  decompoaea 
the  arseniates  at  a  low  temperature,  but  the 
sulphates  are  dooompoaed  by  anenic  add  at  a 
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led  heat,  ovli^  to  the  greater  fixity  of  the 
latter.  Phosphoric,  nhxic,  muriatic,  and 
lluaric  adds,  distolve,  and  prohably  convert 
foto  sabaalts  all  the  aneniatea.  The  whole 
of  them,  as  well  as  araenic  add  itself  when 
dcGompoaed  at  a  red  heat  by  charcoal,  yield 
the  chaiactenstic  garlic  smell  of  the  metallic 
▼apouT.  Nitnte  of  silver  gives  a  polvemlent 
bnck-coloaied  precipitate,  with  arsenic  acid. 
The  add  itadf  does  not  disturh  the  transpa- 
lency  of  a  solution  of  sulphate  of  copper ; 
bat  a  oeutial  aisoiiate  gives  with  it  a  bluish- 
gieen  predpitate ;  with  sulphate  of  cobalt  a 
dirty  red  ;  and  with  sulphate  of  nickel,  an 
apple-j^reen  predpitate.  These  predpitates 
xediifioive,  on  adding  a  small  quantity  of  the 
acid  whkh  previously  hdd  them  in  solution. 
Otfila  says,  that  arsenic  add  gives,  with 
aoetale  of  copper,  a  bluiah-whitie  predpitate, 
hut  that  it  exercises  no  action  rither  on  the 
nuniate  or  acetate  of  cobalt;  but  with  the 
amiDQiiia.muriate  it  gives  a  rose-ooloured  pre- 
cipitate. Arsenic  add  ou^t  to  be  accounted 
a  more  violent  poison  than  even  the  arsenious. 
Aeoording  to  Mr.  Brodie  it  is  absorbed,  and 
(  death  by  acting  on  the  brain  and  the 


Anenic  add  saturated  with  potash  does  not 
czystallixe. 

The  btn-aneniate  of  potash  is  fabricated 
<»  the  great  scale  in  Saxony,  by  fusing  toge- 
ther e^oal  parts  of  nitre  and  arsenious  add ; 
disaolvnig  the  melted  mass,  and  crystaHizing 
the  salt.  The  crystals  are  large.  By  the 
anaiyds  of  H.  Berzelius,  they  consist  of  arsenic 
aad  03w87,  piMaah  26.16,  water  9.97.— ^m. 
dt  CJUrn.  tt  de  Phys.  xix.  366. 

By  Th.  Thomson  thdr  composition  is,  arse- 
flie  acid  6&li,  potash  26L5,  water  &  Mit- 
idierlidi's  statement  is  in  accordance  with 
Berzdios*s  equivalent  number. 

With  lime  water  this  aci4  forms  a  predpi- 
tate of  aiseDiate  of  lime,  soluble  in  an  excess 
of  its  add,  though  insoluble  alone. 

If  ancnie  add  be  saturated  with  magnesia, 
m  ^AA  substance  is  formed  near  the  point  of 
aaCmvtion. 

Araeniate  {ff  baryta  is  insoluble,  and  un- 
rry^ftJIiaable,  but  soluble  in  an  excess  of  the 


It  eonsists,  by  Bensdius,  of  57  barytes  + 
43  anenic  add.  The  bin-arseniate  of  barytes 
crystallizes.  It  is  made  by  dissolving  the 
Beatial  salt  in  araenic  add.  It  contains 
twice  the  quantity  of  add  which  exists  in  the 
fanner. 

Widi  soda  in  sufficient  quantity  to  saturate 
it,  arsenic  add  forms  a  salt  ciTStallizable  like 
dieacidolousarseniateofpotasn.  To  form  the 
aentral  arseniate,  carbonate  of  soda  should  be 
added  to  die  add,  till  the  mixture  be  de- 
ci^kdly  alkaline^  This  salt  crystallizes  from 
tlie  coDeentrated  solution.  It  is  much  more 
aoloble  in  hot  than  in  coM  water.  Pelleder 
layty  that  ^  cryslftb  ace  hexaedral  prisms 


terminated  by  planes  perpendicular  to  thdr 
axis. 

1 00  parts  of  arseniate  of  soda  are  composed, 
by  the  experiments  of  Benelius,  of  arsenic 
add  2929,  soda  15.88,  water  54.84.  The 
triple  salt,  called  arseniate  of  potash  and  soda, 
easily  crystallizes.  It  consists,  according  to 
the  same  chemist,  of  aneniate  of  potash,  30.24 
Arseniate  of  soda,  26.66 
Water,  44.11 

The  bin-arseniate  of  soda  is  obtained  by  add- 
ing arsenic  add  to  the  solution  of  the  neutral 
salt,  till  the  mixture  no  longer  g^ves  a  pred- 
pitate with  muriate  of  barytes.  It  is  very 
soluble  in  water.  It  consists  of 
Arsenic  add,  63.16 
Soda,  17.13 

Water,  19.71 

Combined  with  ammonia,  arsenic  add  foims 
a  salt  afibrding  rhomboidal  crystals  analogous 
to  those  of  the  nitrate  of  soda. 

To  form  this  salt,  we  must  add  ammonia  to 
the  concentrated  solution  of  the  add,  till  a 
predpitate  fall.  On  heathig  the  solution, 
the  predpitate  is  dissolved.  If  we  set  the 
liquid  aside,  taking  care  that  too  much  of  the 
ammonia  does  not  exhale,  diere  is  formed, 
after  some  tune,  large  and  beautiiul  crystals 
of  the  neutral  salt  The  crystals  which  some- 
times fall  during  the  cooling  of  this  solution 
are  a  sub-arseniate.  The  neutral  arseniate  of 
ammonia  decomposes  in  the  air.  It  condsts 
of  Arsenic  add,  65.28 
Ammonia,  19.44 
Water,  \&.2S-~3iitgcherlich. 
Bin-arseniate  of  ammonia  is  formed  by  adding 
arseolc  add  to  ammonia  till  litmus  paper  be 
strongly  reddened  by  the  solution,  and  till  it 
no  longer  precipitates  muriate  of  barytes.  We 
then  obtain  by  evaporation  crystals  which  do 
not  change  on  exposure  to  the  air.  It  consists, 
according  to  Berzelius,  of  arsenic  acid  7^.30, 
ammonia  10.77,  water  16.93,  in  100  parts. 
The  arseniate  of  soda  and  ammonia  is  formed 
by  mixing  the  two  separate  arseniates ;  and 
die  compound  salt  gives  crystals  with  brilliant 
faces.  If  we  redissdve  the  crystals,  and  then 
recrystaUize,  we  should  add  a  littie  ammonia, 
odierwise  the  salt  will  be  addulous  from  the 
escape  of  some  ammonia. 

Arsenic  add  saturated  with  alumina  fbrms 
a  thick  solution. 

By  the  assistance  of  a  strong  fire,  as  Four- 
croy  asserts,  arsenic  add  decomposes  the 
alkaline  and  earthy  sulphates,  even  that  of 
barytes.  Lagrange,  however,  denies  that  it 
i|ct8  on  any  of  the  neutral  sidts,  except  the 
sulphate  of  potash  and  soda,  the  nitrate  of 
pou»h,  and  the  muriates  of  soda  and  ammonia, 
and  this  by  means  of  heat.  It  docs  not  act 
on  the  phosphates. 

Arsenic  add  does  not  act  on  gold  or  pla- 
tina:  ndther  does  it  00  mercury  or  suver 
without  the  aid  of  a  strong  heat;  but  it 
oxidises  copper,  iron,  lead,  tin,  zinc,  biamudi, 
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mtimony,  cobalt,  nickd,  manganeie^  sod 
anenic. 

This  fdd  is  not  used  io  the  arts,  at  least 
diiectly,  though  indirectly  it  focms  a  part  of 
soi9e  ooDipositions  used  in  dyeing.  It  is  like, 
wise  one  of  the  mineraliang  adds  combined 
by  nature  with  some  of  the  metallic  oxides. 
See  Salts  (Table  of). 

ACID  (ARSENIOUS).  Fouicroy  was 
the  first  who  distinguished  by  this  name  the 
white  arsenic  of  the  shops,  wludi  Schede  had 
proved  to  be  a  compound  of  the  metal  araenic 
with  oxygen. 

This  add,  which  is  one  of  the  most  virulent 
poisons  known,  frequently  occurs  in  a  native 
state,  if  not  very  abundsntly ;  and  it  is  ob- 
tained in  roasting  several  ores,  particularly 
those  of  cobalt.  In  the  chhnneys  of  the  fur. 
naoes  where  this  operation  is  conducted,  it 
generally  condenses  in  thick  aemitransparent 
masses ;  though  sometimes  it  assumes  the  form 
of  a  powder,  or  of  little  needles,  in  wludi  state 
it  was  ferm^dy  called  flowers  <i  arsenic. 

The  arsenious  acid  reddens  the  most  sen- 
sible blue  vegetable  colours,  though  ii  turns 
the  spup  of  violets  greei^.  On  exposure  to 
the  air  it  becomps  opaque,  and  covered  with 
a  slight  efflorescence.  Thrown  on  incan- 
descent  coals,  it  eVttporates  in  white  fumes, 
wlUi  a  strong  smell  of  garlic.  In  dose  vessels 
it  is  volatilized ;  and,  if  the  heat  be  strong, 
vitrified.  The  result  of  this  vitrification  is  a 
transparent  glass,  capable  of  crystallizing  in 
tetraedra,  the  angles  of  which  are  truncated. 
It  is  easily  altered  by  hydrogen  and  cvbon, 
which  deprive  it  of  its  oxygen  at  a  red  heat, 
and  reduce  the  metal,  the  one  forming  water, 
the  other  carbonic  add,  vdth  the  oxygen  taken 
from  it;'  as  it  is  by  phosphorus,  and  by 
aulnhur,  which  are  in  part  converted  into 
adds  by  its  oxygen,  and  in  part  form  an 
arsenical  phoephuret  or  sulphuret  with  the 
arsenic  reduced  to  the  metallic  state.  Hence 
Margraaf  and  PeUetier,  who  particularly  ex- 
amined the  phosphurets  of  metals,  have  as* 
serted  they  might  be  formed  with  arsenious 
acid.    Its  specific  gravity  is  3.7* 

It  is  soluble  in  £irteen  times  its  weight  of 
boiling  water,  but  requires  eighty  times  its 
weight  of  cold.  The  solution  crystallizea  and 
the  acid  assumes  the  form  of  regular  tetrae- 
dons  according  to  Fourcroy ;  but  according 
to  Lagrange,  of  octaedrons,  and  these  fre- 
quently vsrying  in  figure  by  different  laws 
of  decremeuL  It  crystallizes  much  better  by 
slow  evaporation  than  by  simple  cooling. 

The  solution  is  very  acrid,  reddens  blue 
colours,  unites  with  the  ecrthy  bases,  and  de- 
composes the  alkaline  sulphurets.  Arsenious 
acid  is  also  soluble  in  oils,  spirits,  and  alco- 
hol ;  the  la^t  taking  up  from  1  to  2  per  cent. 
It  is  composed  by  Berzelius  of  9.5  of  metal-h 
3  oxygen ;  and  its  prime  equivalent  is  therefore 
12.5.  But  Dr.  Thomson  qonsiders  it,  as  a 
compound  of  4.75  metal  -f  2  oxygen  =  ^.75. 


Dr.  Wolhston  first  observed,  that  when  • 
mixture  oS  it  with  quicklime  is  heated  in  a 
glass  tube,  at  a  certain  tempecatuve^  igpltion 
suddenly  pervades  iht  mpsa,  and  metaUie 
arsenic  sublimea.  As  aiyniate  of  lime  it 
found  at  the  bottom  of  tlie  tube,  we  perceive 
that  a  portion  of  the  arsenious  add  is  robbed 
of  its  oxygen,  to  complete  the  addificatkm  of 
the  rest. 

The  action  of  the  other  adds  upon  the  aise- 
nious  is  very  difierent  from  that  which  ther 
exert  on  the  metal  arsenic.  By  boiling,  mi- 
phuric  add  dissolves  a  small  portion  of  it, 
which  is  precipitated  as  the  solutioii  cools. 
The  nitric  add  does  not  dissolve  it,  but  bv 
the  hdp  of  heat  converts  it  into  arsenic  ado. 
Ndther  the  phosphoric  nor  the  caziMinie  add 
acts  upon  it;  yet  it  enters  into  a  vitreous 
combination  with  the  phosphoric  and  bocadc 
adds.  The  muriatic  acad  disscdves  it  by  mesDS 
of  heat,  and  forms  with  it  a  volatile  compound, 
which  water  predpitates ;  and  aqueous  chlo- 
rine addifies  it  completely,  so  as  to  convert  it 
into  arsenic  acid. 

The  arsenious  add  combines  with  the  earthy 
and  alkaline  bases.  The  earthy  arseniales 
possess  little  solubility ;  and  hence  the  solu- 
tions of  barytas,  strontian,  and  lune,  form 
precipitates  with  that  of  arsenious  add. 

With  the  fixed  alkalis  the  arsenious  acid 
forms  viscid  arsenites,  which  do  noi  crystal- 
lize, and  which  are  decomposable  by  fire, 
the  arsenious  add  being  volatilized  by  the 
beat. 

With  ammonia  it  forms  a  salt  capable  of 
crystallization. 

Neither  the  earthy  nor  alkaline  arsenites 
have  yet  been  much  examined. 

The  nitrates  act  on  the  arsenious  acid  in  a 
very  remarkable  mannei.  On  treatmg  the 
nitrates  and  arsenious  add  tagethcr»  t&  ni- 
trous add,  or  nitrous  vapour,  is  extricated  in 
a  state  very  difficult  to  be  confined,  as  KufiO* 
kel  long  ago  observed :  part  of  its  oxygfn  is 
absorbed  by  the  arsenious  add;  it  is  thus 
converted  into  arsenic  acid,  and  an  araaiUKti 
is  left  in  the  retort.  The  same  phenoiDsna 
take  place  on  detonating  nitrates  with  arse- 
nious add;  for  it  is  stUI  suffidently  com- 
bustible to  produce  a  detonation,  in  which  no 
sparks  are  seen,  it  is  true,  but  with  commo- 
tion and  effervescence;  and  a  true  arseniata 
remains  at  the  bottom  of  the  crudble.  It 
was  in  this  way  chemists  formerly  prepsred 
their  fixed  arsenic,  which  was  the  addulous 
arseniate  of  potash.  The  nitrate  of  ammonia 
exhibits  different  phenomena  in  its  decom- 
position by  arsenious  acid,  and  requires  con- 
siderable precaution.  Pelletier,  having  mixed 
equal  quantities,  introduced  the  mixture  into 
a  larg^  retort  of  coated  glass,  placed  in  a  re- 
verb^tory  furnace,  with  a  globular  recdvec 
He  began  with  a  very  slight  fire ;  for  the  de- 
compodtion  is  so  rapid,  and  th^  nitrous  vs- 
pours  issue  with  such  fivce,  that  a  portion  of 
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tk  onkm  acid  is  cagmed.  off  undeeooopoied, 
iBksyoa  proceed  w&ry  gmtty»  If  due  cue 
ktikoi  that  the deoonnpngi tion  proceeds  moie 
iior^,  mbou  «<nid  first  comes  over;  if  die 
Or  be  eoodnucd^  cs  increased,  ammonU  is 
aot  mlved;  and  lastly,  i£  the  fire  be  urged, 
a  podon  of  oxide  of  arsenic  sublimes  in  the 
fiimoftvhkepoarder,  az»d.  a.  vitreous  mass 
temsiniiD  the  jctort,  wbich  powerfully  attacks 
•Ddoonidsxc.  This  is  sxaenic  add.  The 
cfaknte  «f  potMBb,  too,  by  coznpleteLj  ozid- 
mg  t&eoKnious  acid,  converts  it  ioto  anenic 
sod,  vbidi,  by  the  aasistsxiee  of  heat,  is  ca- 
pable of  deoocnposiiig  tbe  muriate  of  potash 
thitfemains. 

Anenkns  add  is  used  in  numenms  in* 
tittca  ia  the  axis,  under  the  name  of  white 
mcDic,  oi  of  axKoic  simply-  In  many  cases 
it  is  nduoelt  and  acta  in  its  mrtallir  state. 

Many  attanpta  have  been  made  to  Lntrp. 

dnoe  it  into  medirine  ;  hut  as  it  is  known  to 

be  one  of  the  moat  violent  poisons,  it  is  pro- 

bafak  that  the  fear  of  its  hsd  e£&cts  may  de- 

pnie  lodety  of  6ie  advantaiges  it  might  afibid 

in  du  way.     An  ancoite  of  potaah  was  ex. 

taiBTdiy  used  by  the  Isute  Dr.  Fowler  of  York, 

who  pohEahed  a  tzeatiae  on  it,  in  intennittent 

and  vnuttant  fevcca.     He  found  it  extzemely 

dBcackws  in  pexiodical   beadach,  and  as  a 

tonic  in  ncrroua  and  other  disoxden.    Exter. 

naUy  it  has  Ywen  employed  as  a  causdc  to  ex. 

tixData  QBocr,  combined  with  sulphur,  with 

hue,  with  antxmoDy,  and  with  the  leaves  of 

czowioot;  but  it  always  gives  great  pain,  and 

la  not  nnatfrnded  wid^  danger. 

It  basbeeaoDore  Utely  used  as  an  alterative 
wsh  advantage  in  chronic  rheumatism.  The 
symptoms  whidi  Aaw  the  system  to  be  arMc- 
-m/iai  are  thickneas,  redness,  and  stifibess  of 
WepaifAne^  aoroieaa  of  the  gums,  ptyalism, 
atrhifig  owr  the  sux&ee  of  the  body,  restless- 
neas,  coogh,  pain  at  siomarh,  and  headach. 
IFhen  the  latter  symptoms  supervene,  the  ad- 
■nasuaizatioo  of  the  medicine  ought  to  be  im- 
■xaediatdy  sospended.  It  bss  also  been  recom- 
nicDdsdagjBaatdunoough;  and  has  been  used 
bk  coBsidenble  doaes  with  success,  to  counter. 
met  tbepaigott  of  venomous  seipents. 

Since  it  acts  on  the  animal  economy  as  a 
deadly  poison  in  quantities  so  minute  as  to  be 
jnsmsibie  to  the  taste  when  diffused  in  water 
«r  other  vehicles,  it  has  been  often  given  with 
cximittal  intentioas  and  fiital  effects.  It  be- 
comes therefine  a  matter  of  the  utmost  ixn- 
portanoe  to  present  a  systematic  view  of  the 
phwTonifna  chuactenstic  of  the  poison,  its 
^MTatioD,  and  consequences. 

l^t,  It  b  a  dense  substance,  subsiding 
speedily  after  agitation  in  water.  I  find  its 
ap.  gr-  to  vary  ftom  3.728  to  3.730,  which  is 
a  Ikth  Juggler  than  the  number  given  above : 
72  pacts  Susdve  in  1000  of  boibng  water,  of 
'whaA  30  remain  in  it  after  it  cools.  Cold 
»  disaolves,  however,  only  ^^  or  ^  of 
piQcedng  quantity.    This  water  makes 


the  symp  of  violets  green«  aad  rtddens  Utmns 
paper.  Lime  water  gives  a  fine  white  preci- 
pitate with  it  of  arsenite  of  lime,  soluble  i^ 
an  excess  of  the  aisenious  lolutioB ;  sulphu. 
retted  hydtcigen  gas,  and  hydrosulphuretted 
water,  precipitate  a  golden  yeUow  sulphuret 
of  arsenic.  By  this  means  yinAnnr  of  arseni. 
ous  acid  may  be  detected  in  water.  This  suU 
phuret  dried  on  a  filter,  and  heated  in  a  gUss 
tube  with  a  bit  of  caustic  potash,  is  decom- 
posed in  a  few  minutes,  and  converted  into 
sulphuret  of  potash,  which  remains  at  the 
bottom,  and  metallic  anenic  of  a  bxight  steel 
lustre,  which  sublimes,  coating  the  sides  of  the 
tube.  The  hydroeu^hurets  of  alkalis  do  not 
afiect  the  arsenious  solution,  unless  a  drop  or 
two  of  nitric  or  muriatie  add  be  poured  in, 
idien  the  characteristic  solden  yeUow  predpi* 
tate  falls.  Nitrate  of  silver  is  aeoomposed  by 
the  arsenions  add,  and  a  very  peculiar  yellow 
arsenite  of  silver  piedpitates;  which,  however, 
is  apt  to  be  redissQlved  by  nitric  add,  and 
therefore  a  very  minute  addition  of  ammonia 
is  requisite.  Even  this,  however,  also,  if  in 
nudi  excess,  redissolves  the  silver  precipitate. 

As  the  nitrate  of  silver  is  justly  reffsroed  as 
one  of  the  best  predpltant  tests  of  arsenic, 
the  mode  of  using  it  has  been  a  subject  or 
much  discussion.  This  excellent  test  was 
first  proposed  by  Mr.  Hume  of  Long  Acre, 
in  May  1809.  PhU.  Mag.  xxxiu.  401.— 
The  presence  of  muriate  of  soda  indeed,  in 
the  arsenical  solution,  obstructs,  to  a  certain 
degree,  the  operation  of  this  reagent.  But 
that  salt  is  almost  always  jpresent  in  the  pru 
moB  vitBy  and  is  an  usual  mgredient  in  soups, 
and  other  vehicles  of  the  poison.  If,  alter 
the  water  of  ammonia  has  been  added,  (by 
plunging  the  end  of  a  glass  rod  dipped  in  it 
mto  the  supposed  poiaonous  liquid),  we  dip 
another  rod  into  a  soludon  of  pure  nitrate  of 
silver,  and  transfer  k  into  the  aisenious  so- 
lution,  either  a  fine  yellow  doud  will  be 
formed,  or  at  first  mei«)y  a  white  curdy  pre- 
dpitate.  But  at  the  second  or  third  immer- 
sion  of  the  nitrate  rod,  a  central  spot  of  yel- 
low will  be  perceived  surrounded  with  the 
white  muriate  of  silver.  At  the  next  im- 
mersion this  yellow  doud  on  the  surface  will 
become  very  conspicuous.  Sulphate  of  soda 
does  not  interfere  in  the  l|MSt  with  the  silver 
test 

The  ammoniaco-sulpbate,  or  rather  anuno. 
niaco-acetate  of  copper,  added  in  a  somewhat 
dilute  state  to  an  afseniou^  solution,  gives  a 
fine  grass-green  and  very  characteristic  pxed- 
pitate.  Tnii  green  arsenite  of  copper,  well 
washed,  beins  acted  on  by  an  excess  of  sul- 
phuretted  hydrogen  water,  changes  its  colour, 
and  becomes  of  a  brownish-red.  Fcrro-prus- 
siate  of  potash  changes  it  into  a  blood-red. 
Nitrate  of  silver  converts  i^  into  the  yellow 
arsenite  of  silver. 

Lastly,  if  the  predpiute  be  dried  on  a  filter, 
and  placed  on  a  bit  of  burning  coal,  it  will 
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diffuse  a  garlic  odour*  The  cupreous  test  wQl 
detect  li^^^  of  the  weight  of  the  arsenic  in 
water. 

The  voltaic  battery,  made  to  act  by  two 
wires  on  a  little  aisenious  solution  placed  on 
a  bit  of  window-glass,  developes  metallic 
arsenic  at  the  negative  pole ;  and  if  this  wire 
be  copper,  it  will  be  whitened  like  tombac. 

We  may  here  remark,  however,  that  the 
most  elegant  mode  of  using  all  these  preci- 
pitation reagents  is  upon  a  plane  of  glass ;  a 
mode  practised  by  Dr.  Wollaston  in  general 
diemioil  research,  to  an  extent,  and  with  a 
success,  which  would  be  incredible  in  other 
hands  than  hia.  Concentrate  by  heat  in  a 
capsule  the  suspected  poisonous  solution, 
having  previously  filtered  it  if  necessary. 
Indeed,  if  it  be  very  much  disguised  with 
animal  or  vegetable  matters,  it  is  better  first 
of  all  to  evaporate  to  dr3mess,  and  by  a  few 
drops  of  nitnc  add  to  dissipate  the  organic 
products.  The  clear  liquid  being  now  phiced 
m  the  middle  of  the  bit  of  glass,  lines  are  to 
be  drawn  out  from  it  in  dmerent  directions. 
To  one  of  these  a  particle  of  weak  ammoniacal 
water  being  applied,  the  weak  nitrate  of  silver 
may  then  be  brushed  over  it  with  a  hair  penciL 
By  placing  the  glasb  in  different  lights,  either 
over  white  paper  or  obliquely  before  the  eye, 
the  slightest  change  of  tint  will  be  perceived. 
The  ammoniaco-acetate  should  be  applied  to 
another  filament  of  the  drop,  deut-acetate  of 
iron  to  a  third,  weak  ammoniaco-acetate  of  co. 
halt  to  a  fourdi,  sulphuretted  water  to  a  fifth, 
lime  water  to  a  sixtn,  a  drop  of  violeUsyrup 
to  a  seventh,  and  the  two  galvanic  wires  at  the 
opposite  edges  of  the  whde.  Thus  with  one 
single  drop  of  solution  many  exact  experi- 
ments may  be  made. 

But  the  chief^  the  decisive  trial  or  experu 
mentum  crucU  remains,  which  is  to  take  a  little 
of  the  dry  matter,  mix  it  with  a  small  pinch 
of  dry  black  flux,  put  it  into  a  narrow  glass 
Cube  sealed  at  one  end,  and  after  cleansing  its 
sides  with  a  feather,  urge  its  bottom  with  a 
blowpipe  till  it  be  distinctly  red-hot  for  a  mi- 
nute. Then  garlic  fumes  will  be  smelt,  and 
the  steel-lustr^  coating  of  metallic  arsenic  vrill 
be  seen  in  the  tube  about  one-fourth  of  an  inch 
above  its  bottom.  Cut  the  tube  across  at  that 
point  by  means  of  a  fine  file,  detach  the  scale 
of  arsenic  with  the  point  of  a  penknife ;  put 
a  firagment  of  it  into  the  bottom  of  a  small 
wine-glass  along  with  a  few  drops  of  ammo- 
niaoo-acetate  of  copper,  and  triturate  them  wdll 
together  for  a  few  minutes  with  a  round-headed 
glass  rod.  The  mazarhie  blue  colour  will  soon 
be  transmuted  into  a  lively  grass  green,  while 
the  metallic  scale  will  vanisb.  Thus  we  di- 
stinguish perfectly  between  a  particle  of  me- 
tallic sisenic  and  one  of  animalized  charcoal. 
Another  particle  of  the  scale  may  be  placed 
between  two  smooth  and  bright  surfisces  of 
copper,  with  a  touch  of  fine  oil ;  and  whilst 
they  are  firmly  pressed  together,  exposed  to 


a  red  heat  The  tombac  alloy  will  appear  as 
a  white  stain.  A  third  particle  may  be  placed 
on  a  bit  of  heated  metal,  and  held  a  fittle 
under  the  nostrils,  when  the  garlic  odour  will 
be  reooonised.  No  danger  can  be  apprehended, 
as  the  nagment  need  not  exceed  the  ten&  of  a 
grain. 

It  is  to  be  observed,  that  one  or  two  of  the 
precipitation  tests  may  be  equivocal  firam  ad- 
mixtures of  various  substances.  Thus  tinc- 
ture of  ginger  gives  with  the  cupreous  re-agent 
a  green  precipitate;  and  die  writer  of  this  sr- 
tide  was  at  first  led  to  suspect  from  that  sp- 
pearance,  that  an  emphical  tincture,  put  into 
his  hands  for  examination,  did  omtain  arsenic 
But  a  careful  analysis  satisfied  him  of  its  ge- 
nuineness. Tea  covers  arsenic  from  the  cu- 
preous test  Such  poisoned  tea  becomes  by  its 
addition  of  an  obscure  oHve  or  violet  red,  but 
Yields  scarcely  any  predpitate.  Sulphuretted 
hydrogen,  however,  throws  down  a  fine  ydlow 
sulphuret  of  arsenic. 

TO  remove  the  colouring  matter  of  a  vege- 
table or  animal  kind  Mr.  Phillips  has  very 
properiy  recommended  to  mix  the  poisoned 
liquid  with  well  washed  animal  charcoal  (bone- 
black)  and  thereafter  to  filter,  before  applying 
the  tests,  lf)0  grains  of  black  mixed  with  500 
of  port  wine,  containing  I  gndn  of  arsenious 
add,  became  so  de-ooloured,  as  to  admit  of  the 
application  of  tests. 

A  eood  way  of  obviating  all  these  sources 
of  fallacy  is  to  evaporate  carefully  to  dryness, 
and  expose  the  residue  to  heat  in  a  glass  tube. 
The  arsenic  sublimes,  and  may  be  afterwards 
operated  on  without  ambiguity.  M.  Orfila 
has  gone  into  ample  details  on  the  modifica- 
tions produced  by  wine,  coffee,  tea,  broth,  &c. 
on  arsenical  testo,  of  which  a  good  tabular 
abstract  is  given  in  Mr.  Thomson*s  London 
Dispensatory.  But  it  is  evident  that  the  dif- 
ferences in  these  menstrua,  as  also  in  been, 
are  so  great  as  to  render  predpitations  and 
changes  of  colour  by  reagents  very  unsatb- 
factory  witnesses  in  a  case  of  life,  and  death. 
Hence  the  method  of  evaporation  above  de^. 
scribed  should  never  be  neglected.  Should 
the  arsenic  be  oombmed  with  oil,  the  mixture 
ought  to  be  boiled  with  water,  and  the  oil 
then  separated  by  the  capillary  action  of  wick- 
threads.  If  with  resinous  substances,  these 
may  be  removed  by  oil  of  turpentine,  not  by 
alcohol  (as  directed  by  Dr.  Black),  which  is  a 
good  solvent  of  arsenious  acid.  It  mav  more- 
over be  observed,  that  both  tea  and  oofl^ee 
should  be  freed  from  their  tannin  by  gelatin, 
which  does  not  act  on  the  arsenic,  previous  to 
the  use  of  reagents  for  Ae  poison.  When  one 
part  of  arsemous  add  in  watery  solution  is 
added  to  ten  parts  of  milk,  the  sulphuretted 
hydrogen  present  in  the  latter,  occasions  the 
white  colour  to  pass  into  a  canary  ydlow ;  the 
cupreous  test  gives  it  a  slight  green  tint,  and 
the  nitrate  of  sUver  produces  no  visible  dumge, 
though  even  more  arsenic  be  added;  but.  Sie 
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Igrdiaiii^ihiaeti  Atov  down  •  gnJSen  ydkm, 
with  the  aid  of  a  few  drops  of  an  add.  The 
fiquid  contained  in  die  stomach  of  a  labblt  pot- 
sooed  with  a  aolotion  of  3  graina  of  arsexiioua 
add,  afindcd  a  white predpiute  with  nitrate  of 
direr,  greyish -white  with  lime  water,  green 
with  die  ammoniao^su^ihate,  and  de^  ycQow 
with  sulphuretficd  hydrogen  water. 

The  pRCR&g  copioua  descriptioD  of  the 
habitsdei  of  anenious  add  in  different  cii^ 
camattaea  is  cQuallj  applicable  to  the  solu. 
bfe  aneoiteL  Their  poisonoos  operation,  as 
wdl  as  dial  of  the  arsenic  add,  lias  been 
aatttftefiorily  lefefied  by  Mr.  Brodie  to  the 
anymdon  of  the  functioas  of  the  heart  and 
Ixain,  oocadooed  by  die  absorption  of  these 
anhatancea  into  the  dreolation,  and  their  oon- 
aeqacnt  deterraination  to  the  nervous  system 
nnd  die  alkoentaiy  canaL  This  propodtioD 
waa  fStaMishtd  by  numerous  experiments  on 
nbfaits  and  dogs.  Wounds  were  inflicted, 
and  arsenic  heme  applied  to  them.  It  was 
£iiind  that  in  a  moct  time  death  supcnreoed, 
with  the  same  symptoms  of  inflammation  ci 
die  stomach  and  bowda  as  if  die  poison  had 
bam  flvaUowed. 

He  difides  the  modnd  afieetions  into  diree 
dsases :  1st,  Those  depautixu^  on  die  nerrous 
aystem,  as  palsj  at  first  of  the  posterior  ez- 
treaiities,  and  then  of  the  rest  of  the  body, 


9  dilatation  of  the  pupils,  and  ge- 
neral insendbllity :  2d,  Those  which  indicate 
dibtorbanoe  in  die  organs  of  diculation :  for 
ezamplB,  the  feeble,  slow,  and  intermitting 
pube,  weak  eontnotiona  of  the  heart  im- 
niedietely  kAor  death,  and  the  imposnbiliiy 
«f  praioi^ing  them,  as  may  be  done  in  sudden 
deatha  ten  other  causes,  by  artificial  re- 
spiimtifln:  3d,  Lasdy,  Those  which  depoid 
4n  lesion  of  the  ahmcntary  canal,  as  the  pains 
«f  the  abdomen,  nauseas,  and  vomitings,  in 
those  anhaala  whidi  were  BdTered  to  Tomit 
At  «ae  time  it  is  the  nervoo^  system  that  is 
moat  wmarksWy  aflected,  and  at  another  the 
t  clRabiaon.  Hence  inflammadon  of 
i  and  inteatines  ought  not  to  be 

!  as  the  nwmfdiate  cause  of  death, 
in  Ae  ^eUa  number  of  cases  of  poisoning 
ipf  asMBie.  However,  slioiild  an  animal  not 
Ak  vndsr  the  first  violenoe  of  the  poison,  if 
the  infldnmation  has  had  time  to  be  de- 
^  there  is  no  doubt  that  it  may  destroy 
Jlc.  Esde  sutes,  that  a  woman  who 
\  reaiated  the  alarming  sym. 
I  vluch  at  fint  appeared,  but  died  on  the 

i  day.    On  opening  her  bodv  the  mu- 

CMM  nMBofaane  of  the  slmpadi  and  intestines 
van  iilcBrated  to  a  great  extent.  Authendc 
caacB  of  poison  are  recorded,  where  no  trace 
«f  laHanniBtion  was  pcroqpdUe  in  theprimee 


longer,  after  it  is  taken.  Ffaat  dckness,  and 
great  distieas  at  stomach,  soon  ftUowed  by 
diirst,  and  burning  heat  in  the  bowds.  Then 
come  on  violent  vomitinff,  and  severe  colic 
pains,  and  exoesdve  and  painful  purging. 
This  brings  on  fiuntmgs  widi  cold  sweats,  and 
other  signs  of  great  debility*  To  this  succeed 
painful  cramps,  and  oontrections  of  the  legs 
and  thighs,  and  extreme  weakness,  and  death.** 
Similar  resulu  have  followed  the  incautious 
sprinkling  of  schirrous  ulcers  widi  powdered 
arsenic,  or  the  application  of  arsenical  pastes. 
The  following  more  minutespedfication  of  sym- 
ptoms IB  given  bv  Orfila :  **  An  austere  taste 
m  the  mouth ;  frequent  ptyalism ;  continual 
spitting;  constriction  of  the /M^rynx  and  «J0- 
phagu* ;  teeth  set  on  edge  $  hiccupa ;  nausea  t 
vomiting  of  brown  or  bloody  matter  $  anxiety ; 
frequent  fainting  fits;  buining  heat  at  the 
precordia  ;  inflammation  of  the  lips,  tongue, 
palate,  throat,  stomach ;  acute  ]Min  of  sto- 
mach, rendering  the  mildest  drinks  inioler- 
able ;  black  stook  of  an  indescribable  factor; 
pulse  frequent,  oppressed,  and  irregular,  sooifr- 
times  dow  and  unequal;  palpitation  of  the 
heart;  tyncopef  unextinguishable  thirst; 
buning  sensation  over  the  whole  body,  re- 
aembli^  a  consuming  fire;  at  dmes  an  icy 
coldness;  difficult  respiradon;  cold  sweats; 
scanty  urine,  of  a  red  or  Moody  appeannce ; 
altered  expression  of  countenance;  a  livid 
drde  round  the  eydids ;  swelling  and  itching 
of  the  whole  body,  which  becomes  covered 
with  livid  spots,  or  with  a  miliary  eruption  ; 
prosti»don  of  strength;  loss  of  feeling,  espo. 
dally  in  the  feet  and  hands ;  delirium,  con- 
vuldons,  sometimes  accompanied  with  an  iiw 
supporuble  priapism ;  loss  of  the  hdr ;  sepa* 
ation  of  the  epidermis )  horrible  convulsions  ; 


The  cfteia  of  arsenic  have  been  gnphically 
njataansd  by  Dr.  Bh^k :  '«  The  symptoms 
pfodflceiby  a  dangerous  dose  of  anenic  begin 
m  appcv  ik  aquartor  of  an  hour,  or  not  mudi 


It  is  nncoromon  to  observe  all  these  fright- 
ful symptoma  combined  in  one  individual; 
sometimes  they  are  altogether  wanting,  as  is 
shown  by  die  following  case,  rekted  by  M. 
Chausner :  a  robust  man  of  middle  age  swal- 
lowed anenious  add  in  large  fragments,  and 
died  without  experiencing  other  symptoms 
than  dig^t  t^ncopes.  On  opening  his  sto- 
madi,  it  was  found  to  contain  the  arsenioua 
add  m  the  very  same  state  in  whidi  he  had 
swallowed  it.  There  was  no  appearance  what- 
ever of  erosion  or  iDflammation  in  the  intes- 
thial  canal.  Etmuller  mendons  a  young  gurrs 
bdng  poiseoed  by  aiacnic*  and  whose  stomach 
and  bowels  were  sound  to  all  appearance, 
though  the  arsenic  was  found  in  them.  In 
geneml,  however,  inflammation  does  extend 
along  the  whole  canal,  from  the  month  to 
the  rectum.  The  stomach  and  duodenum 
present  fi«quendy  sangrenous  pdnti,  eschars, 
peilbradons  of  df  their  coaU;  the  viUous 
coat  in  particular,  by  this  and  all  other  cor- 
rodve  poisons,  is  oommonlv  detached,  as  if  it 
were  scnped  off  or  reduced  into  a  paate  of  a 
reddish-brown  colour.    From  diese  considere. 
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tions  we  may  coodude,  that  finom  the  ezistenoe 
or  non-existence  of  inteBtinal  lesions,  fxorn  the 
extent  or  seat  of  the  symptoms  alone,  the  phy- 
sician Rhould  not  venture  to  pronounce  deifini- 
tiydy  6n  the  fact  of  poisoning. 

The  result  of  Mr.  Brodie^s  experiments  on 
hnites  teaches,  that  the  inflammations  of  the 
Intestines  and  stomach  are  more  severe  when 
the  poison  has  heen  applied  to  an  external 
wound,  than  when  it  has  been  thrown  into  the 
stomach  itself. 

The  best  remedies  against  this  poison  in  the 
'Stomach  are  copious  draughts  of  bland  liquids 
of  a  mucilaginous  consistence,  to  inviscate 
the  powder,  so  as  to  procure  its  complete 
ejection  br  vomiting.  Sulphuretted  hydrogen 
condensed  in  water  is  the  only  direct  antidote 
to  its  virulence;  Orfila  having  found,  that 
when  dogs  were  made  to  swallow  that  liquid, 
after  getting  a  poisonous  dose  of  arsenic,  they 
recovered,  though  their  sesophsgus  was  tied 
to  prevent  vomiting ;  but  when  tiie  same  dose 
of  poison  was  administered  in  the  same  dru 
cumstances,  without  the  sulphuretted  water, 
that  it  proved  fataL 

When  the  viscera  are  to  be  subjected  after 
death  to  diemical  investigation,  a  ligature 
ought  to  be  thrown  round  the  aosophagus  and 
the  banning  of  the  colon,  and  the  interme- 
diate stomach  and  intestines  removed.  Their 
liquid  contents  should  be  emptied  into  a 
basin ;  and  thereafter  a  portion  of  hot  water 
introduced  into  the  stomach,  and  worked  tho- 
roughly up  and  down  this  viscutt  as  wdl  as 
the  intestines. 

After  filtration,  a  portion  of  the  liquid 
should  be  conoentratea  by  evaporation  in  a 
porcelain  capsule,  and  tiien  submitted  to  the 
proper  reagents  above  desaibed.  We  may 
also  endeavour  to  extract  ftom  the  stomach 
by  digestion  m  boiling  water,  with  a  littie 
ammonia,  the  anenical  impregnation,  which 
has  been  sometimes  known  to  adhcse  in  mi- 
nute partides  with  wondeiftil  obstinacy.  This 
nrecaation  ought  therefore  to  be  attoided  to. 
The  heat  will  dissipate  tiie  excess  of  ammonia 
in  the  above  operation;  wheress  by  adding 
"potash  or  soda,  as  prescribed  by  the  Oennan 
chemists,  vre  mtroduoe  animal  matter  in  al- 
kaline sdution,  which  complicates  the  investi- 
gation. 

The  matters  rejected  from  the  patient*a 
bowels  before  death  should  not  be  neglected. 
These,  generally  speaking,  are  best  treated 
by  cautious  evaporation  to  dryness:  but  we 
must  beware  of  heating  the  residuum  to 
400*,  since  at  that  tempemture,  and  perhaps 
a  little  under  it,  the  anenious  add  itself  sub- 
limes. 

Vinegar,  hydroguretted  alkaline  sul^Aureta, 
and  oil^  are  of  no  use  as  counteipoisona. 
Indeed,  whoi  the  arsenic  exists  in  substance 
in  the  stomach,  even  sulphuretted  hydrogen 
-water  is  of  no  avail,  however  effectually  it 
neutnlise  an  arsenious  sohition.    Syrups,  ha- 


seed  tea,  decoction  of  roaDowg,  or  iiagiKaoth, 
and  warm  milk,  should  be  administered  as 
copiously  as  possible,  and  vomiting  provoked 
by  tickling  the  fauces  with  a  feather.  Clys- 
ters of  a  similar  nature  may  be  also  employed. 
Many  persons  have  escaped  death  by  having 
taken  the  poison  mixed  with  rich  soups ;  and 
it  is  wdl  known,  that  when  it  is  prescribed  as 
a  medidne,  it  acts  most  benefiddly  when 
given  soon  after  a  meal.  These  facts  hare 
kd  to  the  prescription  of  butter  and  oils ;  the 
use  of  which  is,  however,  not  advisable,  ss 
they  screen  the  arsenical  partidea  from  moic 
proper  menstrua,  and  even  appear  to  aggravate 
Its  virulence.  Morgagni,  in  hia  great  work 
on  the  seats  and  causes  of  disease,  states,  that 
at  an  Italian  feast  the  dessert  was  purposdy 
sprinkled  over  with  arsenic  instead  of  flour. 
Those  of  the  guests  who  had  previoody  ate 
and  drank  little,  speedily  perished;  those  who 
had  their  stomachs  well  filled,  were  saved  by 
vomiting.  He  also  mentions  the  case  of  three 
children  who  ate  a  vegeuble  soup  poisoned 
with  arsenic.  One  of  them,  who  todc  only 
two  spoons-foil,  had  no  vomiting,  and  died ; 
the  other  two,  who  had  eaten  the  rest,  vo- 
mited, and  got  wdL  Should  the  poisoned 
patient  be  incapable  of  vomiting,  a  tube  of 
caoutdiouc, .  capable  of  bdng  attached  to  a 
syringe,  may  be  had  recourse  to.  The  tube 
first  serves  to  introduce  the  drink,  and  to 
withdraw  it  after  a  few  instanU. 

The  following  tests  of  arsenic  and  corrosive 
sublimate  have  been  latdy  proposed  by  Brug- 
natelli :  take  the  starch  of  wheat  boiled  b 
water  until  it  is  of  a  proper  consistence,  and 
recentiy  prepared;  to  this  add  a  sufficient 
quantity  of  iodine  to  make  it  of  a  blae  colour ; 
it  is  afterwards  to  be  diluted  with  pure  water 
until  it  becomes  of  a  beautiftil  azure.  Ifte 
this,  some  drops  of  a  watery  solution  of  arsenic 
be  added,  the  odour  changes  la  a  reddish 
hue,  and  finally  vanishes.  The  adutftn  of 
oorradve  sublimate  poured  into  iodine  and 
Btareh,  produces  almost  the  same  diange  as 
arsenic;  but  if  to  the  fluid  acted  on  by  tfe 
arsenic  we  add  some  drops  of  solpburic  add; 
the  original  blue  colour  is  restored  with  move 
than  its  original  brilliancy,  while  it  does  not 
'restore  the  colour  to  the  oorrodve  snMiBiate 
mixture.    See  Salt. 

ACID  (BENZOIC).  The  usual  method  af 
obtaining  this  add  affords  a  very  degant  and 
pleasing  example  of  the  chemical  process  of  sub- 
limation. For  this  purpose  a  thin  stiatam  of 
powdered  benzoin  is  sprnd  over  the  bottom  of 
a  gbzed  earthen  pot,  to  which  a  tall  corned 
paper  covering  is  fitted :  gende  heat  is  then  to 
be  applied  to  tiie  bottom  of  the  pot,  which  ftises 
the  beoxohi,  and  fills  the  apartment  with  a  frai- 
grant  smeU,  arising  from  a  portion  of  esscntid 
oil  and  add  of  benzoin,  which  are  disaij^ted 
into  the  air ;  at  the  same  time  the  add  itsdf 
rises  very  suddenly  in  the  paper  head,  which 
may   be  ocoasbnally  inspect^  at  -the  top) 
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tbn^  vith  tome  little  eaie,  because  the 
finneB  vill  excite  coughiog.  This  add 
sublimste  ii  coodenaed  in  the  fbim  of  long 
needles,  or  stnif^t  fiUments  of  a  white  oo- 
JooT,  croarins  cadi  other  in  all  directiona. 
When  the  vbite  add  ceasea  to  rise,  the  cover 
may  be  dianged,  a  new  one  applied,  asd  the 
beatraoeed :  aoie  flowers  of  a  jdlowish  colour 
win  Aen  OK,  which  require  a  second  sub- 
Ixmatioo  lo  d^iiye  them  of  the  empyreumatic 
ouiDe^  eoDtaoia 

Tbesnblimationof  the  add  of  benzoin  may 
be  ooof«Diently  peifiinDed  by  substituting 
an  inwerted  eacttieii  pan  instead  of  the  paper 
cone.  Id  AIs  case  the  two  pans  should  be 
made  to  fit,  by  grinding  on  a  stone  with  sand, 
and  tbey  most  be  IntSi  together  with  paper 
clipped  in  paste.  Thia  method  seems  pre. 
Ankle  to  tibe  other,  where  the  presence  of  the 
opentor  is  requiied  elsewhere ;  but  the  paper 
liead  CBB  be  mete  easily  inspected  and  changed. 
The  heat  ^^ied  must  be  very  gentle,  and  the 
^resadi  ought  not  to  be  separated  till  they  hare 
beoomeoooL 

The  quantity  of  add  obtained  in  these 
methods  difien  according  to  the  management, 
and  probably  also  from  difference  of  purity, 
and  in  other  reqpects,  of  the  balsam  itself.  It 
nsiiaOy  amoonta  to  no  more  than  about 
one-cighth  part  of  the  wfade  weight.  Indeed 
Sdiede  nya,  not  moro  than  a  tenth  or  twelfth. 
The  whole  acid  of  bcnaoin  is  obtained  with 
Gfftaioty  in  the  humid  process  of 
It  this  consists  in  boilins  the  powdered 
1  wlthUme  water,  and  anerwa^  sepa- 
the  Inne  by  die  addition  of  muriatic 
Twdve  ounces  of  water  are  to  be 
poured  upon  four  ounces  of  slaked  lime ;  and, 
after  die  ehuUitko  is  over,  eight  pounds,  or 
iancty-«x  ooncea,  more  of  water  are  to  be 
added  s  a  pound  of  findy-powdered  benzoin 
bcine  then  put  into  a  tin  vessd,  six  ounces  of 
the  Bxna  water  are  to  be  added,  and  mixed 
wdl  with  the  powder ;  and  afterwards  the  rest 
of  tfaa  lime  water  in  the  same  gradual  manner, 
becaiMe  the  benzom  would  coagulate  into  a 
ouM,  if  the  whole  were  added  at  once.  This 
mixture  most  be  gently  boiled  for  half  an 
hour  widi  oODStant  agitation,  and  afterwards 
eciSaed  to  oool  and  subside  during  an  hour. 
Tbs  aapcnatant  liquor  must  be  decanted, 
and  ^he  tesiduum  boiled  with  dght  pounds 
nure  of  time  water;  after  which  the  same 
process  ia  to  be  once  more  repeated :  the  re- 
maimng  powder  most  be  edulcorated  on  the 
filter  by  affiuioos  of  hot  water.  Lastly,  all 
the  daooctiflns,  being  mixed  together,  must  be 
erapOTated  to  two  pounds,  and  strained  into 
a  gtaaa  vessel. 

This  fluid  consists  of  the  add  of  benzoin 
combined  with  lime.  After  it  ia  become 
cold,  a  quantity  of  muriatic  add  must  be 
added,  mdi  omstant  atirring,  until  the  fluid 
tastes  a  Ibde  sourish.  Duruig  this  time  the 
I  acid  unites  with  the  lime,  and 


forms  a  soluble  salt,  which  remains  suspended, 
while  the  less  soluble  add  of  benzoin,  bdng 
disengaged,  falls  to  the  bottom  in  powder. 
By  repeated  afiusions  of  cold  water  upon  the 
filter,  it  may  be  deprived  of  the  muriate  of 
lime  and  nauriatie  add  with  which  it  may  hap. 
pen  to  be  mixed.  If  it  be  required  to  nave  a 
shining  appearance,  it  may  be  dissolved' in 
a  small  quantity  of  boiling  water,  from  which 
it  will  separate  in  silky  Saments  by  cooling. 
By  this  process  the  benzoic  add  may  be  pio> 
cured  from  other  substances,  in  which  it 
exists. 

Mr.  Hatchell  has  shown,  that,  by  digesting 
benzoin  in  hot  sulphuric  add,  very  beautiful 
crystals  are  sublimed.  This  is  perhaps  the 
b^t  process  for  extracting  the  add.  If  we 
concentrate  the  urine  of  horses  or  cows,  and 
pour  muriatic  add  into  it,  a  copious  predpitate 
of  benzdc  add  takes  place.  This  is  the 
cheMiest  source  of  it 

The  acid  of  benzoin  is  so  hiflammable, 
that  it  bums  with  a  clear  yellow  flame  with, 
out  the  assistance  of  a  wicL  The  sublimed 
flowers  in  thdr  purest  state,  as  white  as  or* 
dinary  writing  paper,  were  fuaed  into  a  dear 
transparent  yelfowish  fluid,  at  the  two  hun- 
dred-and-thirtieth  degree  of  Fahroihdt^s 
thetmometer,  and  at  the  same  time  began 
to  rise  in  sublimation.  It  is  probable  that 
a  heat  somewhat  greater  than  this  may  be 
required  to  separate  it  from  the  resin.  It  ia 
strongly  disposed  to  take  the  crystalline  form 
in  cooimg.  The  concentrated  sulphuric  and 
nitric  adds  dissolve  this  concrete  add,  and 
it  is  again  separated  without  alteration,  by 
adding  water.  Other  adds  dissolve  it  by  the 
assistance  of  heat,  from  which  it  separates  by 
cooling,  unchanged.  It  is  plentifully  solu- 
ble in  ardent  spirit,  from  which  it  may  like- 
wise  be  separated  by  diluting  the  spirit  with 
water.  It  readily  dissolves  in  oils,  and  ii) 
mdted  tallow.  If  it  be  added  in  a  small 
proportion  to  this  last  fluid,  part  of  the  tal« 
low  congeals  before  the  rest,  in  the  foxm  of 
white  opaque  douds.  If  the  qiumtity  of  add 
be  more  considerable,  it  separates  in  part  by 
cooling,  in  the  form  of  needlea  or  feathers.  Ii^ 
the  destructive  distillation  of  tallow,  benzoic 
add  is  said  to  be  formed. 

At  the  temperature  of  boiling  water,  oil  of 
turpentine  di^ves  about  its  own  we^t  of 
benzoic  add,  but  the  solution  becomes  concrete 
on  cooling. 

Pure  benzoic  add  is  in  the  form  of  a  light 
powder,  evidendy  orystallized  in  fine  needles^ 
the  figure  of  which  is  difiicult  to  be  deter* 
mined  from  their  smaUness.  It  haa  a  white 
and  shining  appearance ;  but  when  contami- 
nated by  a  portion  of  volatile  oil,  is  yellow 
or  brownish.  It  is  not  brittle,  as  might  be 
expected  from  its  appearance,  but  has  rather 
a  kind  of  ductility  and  elastidty,  and,  on 
rubbing  in  a  mortar,  becomes  a  sort  of  pastes 
Its  taste  is  acridy  hot,  addulous,  and  bitter. 

c2 


ACI 


20 


ACI 


It  reddens  the  infusion  of  litmas,  but  not 
syrup  of  violets.  It  has  a  peculiar  aiomatk 
smeU,  but  not  strong  unless  heated.  This, 
howerer,  appears  not  to  belong  to  the  add; 
for  Mr.  Giese  informs  us,  that  on  dissolnng 
the  bemoicadd  in  as  little  alcohol  as  posnble, 
-filtering  the  soludon,  and  predpitatiiuf  by 
water,  the  add  will  be  obtained  pure,  and  void 
of  smell,  the  odorous  oil  remaining  dissolved 
in  the  spirit.  Its  specific  gravity  is  0.607.  It 
is  not  perceptibly  altered  by  the  air»  and  has 
been  kept  in  an  open  veisel  twenty  yesrs  with* 
out  losing  any  of  its  wdgfaL  None  of  the 
combustible  substances  have  any  effect  on  it; 
but  it  may  be  refined  by  mixing  it  with  char, 
coal  powder  and  subliming,  being  thus  ren. 
dered  mudi  whiter  and  better  crystallized.  It 
Ss  not  very  Mduble  in  water.  Wenxd  and 
Liditenstein  say  four  hundred  parts  of  cold 
water  dissolve  but  one,  though  the  same  quan- 
tity of  boiling  water  dissolves  twenty  parts, 
nineteen  of  wmch  separate  on  cooling. 
-  Betadins  states  the  compodtion  of  benzoic 
add  to  be  csrbon  74.AU  oxygen  20.43,  and 
hydrogen  6.16  in  100.  From  the  bensoate  of 
lead,  he  deduces  the  prime  equivalent  to  be 
14.893.  By  my  experiments,  its  components 
nre  carbon  6iS.74,  oxygen  28.32,  and  hydrogen 
4.94;  and  by  saturation  with  ammonia  its 
prime  equivalent  appesred  to  be  14.6,  to 
t>xygen  I. 

The  benzoic  add  unites  without  mudi 
difficulty  with  the  earthy  and  alkalme  bases. 

The  benaoate  of  bvytes  is  soluble  and 
'Crystallizes.  That  of  lime  is  verv  soluble  in 
water,  though  much  less  in  cold  than  in  hot, 
and  crystallises  on  cooling.  The  bensoate  of 
mapinoia  is  soluble,  crystallizaUe,  and  a  little 
dehqneseent  That  of  alumina  is  very  soluble, 
crystallizes  in  dendrites,  is  deliquesoent,  and 
has  an  acerb  and  bitter  taste.  The  benzoate 
of  potash  arstallizes  on  cooling  in  little  com- 
pacted needles.  The  bensoate  of  soda  is  very 
crystaDizable,  very  soluble,  and  not  deliques- 
cent like  that  of  potash,  but  it  is  decomposable 
by  the  same  means.  It  is  sometimes  found 
native  in  the  urine  of  grsminivoroas  qua- 
drupeds, but  byno  means  so  abundantly  aa 
that  of  lime.  The  benaoate  of  ammonia  is 
volatile,  and  decomposable  by  aU  the  adds 
and  all  the  bases.  The  solutians  of  all  the 
lienaoates,  when  drying  on  die  sides  of  a  vessd 
wetted  with  them,  form  dendritical  ciystal- 


Trommsdorf  found  in  his  experiments, 
Aat  benzoic  add  united  readOy  with  metallic 
oxides. 

The  benzoates  are  all  decomposable  by 
heat,  which,  when  it  is  dowlv  applied,  first 
aeparates  a  portion  of  the  add  in  a  vapour, 
that  condenses  in  crystals.  The  scduble  ben- 
■oates  are  decomposed  by  the  powerflU  adds, 
which  separate  their  add  in  a  crystalline  form. 
The  bensoate  of  ammonia  has  been  proposed 
by  Bczzdius  as  a  reagent  for  predpiuting 


red  oxide  of  iron  from  perfecdv  neotnl  solu- 
tions.   See  Salts  (Table  of,) 

ACID  (BOLETIC).  An  acid  extracted 
from  the  expressed  juice  of  the  boletus  ^teudo 
4gniariu9  by  AI .  Braconnot  This  juice,  con- 
centrated  to  a  syrup  hy  a  very  gentle  heat, 
was  acted  on  by  strong  alcohol.  What  re- 
mained was  dinolved  in  water.  When  ni- 
trate of  lead  was  dropped  into  this  sdntion, 
a  white  predpitate  fUl,  which,  after  being 
wen  washed  with  water,  was  decomposed  by 
a  current  of  solpfauretted  hydrogen  gas.  Two 
different  adds  were  found  in  the  liquid  after 
filtration  and  evaporation.  One  in  pemuu 
nent  crystals  was  boletic  add ;  the  other 
was  a  small  proportion  of  phosphoric  sdd. 
The  former  was  purified  by  s(dution  in  skohol, 
and  subsequent  evaporation. 

It  consists  of  irregular  four-sided  prisins, 
of  a  white  colour,  and  permanent  in  the  air. 
lu  taste  resembles  cream  of  tartar ;  at  the 
temperature  of  68(»  it  dissolves  in  180  times 
its  weight  of  water,  and  m  46  of  aloohoL  Ve- 
getable blues  are  reddened  by  it.  Red  oxide 
of  iron,  and  the  oxides  of  nlver  and  mercury, 
are  predpitated  by  it  from  thdr  solutions  m 
nitric  aod ;  but  lime  and  baxytes  waters  are 
not  a^cted.  It  sublimes  when  heated,  hi 
white  vapours,  and  is  ooodensed  in  a  white 
powder.    Amu  de  CMmie,  Ixxx. 

ACID  (B0RAGIC>  The  salt  composed 
of  this  add  and  sodahsd  long  been  used  both 
in  medicine  and  the  arts  under  the  name  of 
borax,  when  Homberg  first  obtained  the  add 
separate  in  1702,  by  distilling  a  mixture  of 
borax  and  sulphate  of  iron.  Liemexy  the 
younger  soon  aner  discovered  that  it  could  be 
obtained  from  borax  equally  by  means  of  the 
nitric  or  muriatic  add ;  Geoffioy  detected  soda 
in  borax ;  and  at  length  Baron  proved  by  a 
number  of  experiments,  that  borax  is  a  com- 
pound of  soda  and  a  peculiar  add. 

To  procure  the  aod,  dissolve  borax  in  hot 
water,  and  filter  the  solution ;  then  add  sul- 
phuric add  by  little  and  little,  till  the  Hqoid 
nas  a  sensibly  add  taste.  Lay  it  aside  to  cool, 
and  a  sreat  number  of  small  shining  laminated 
crystab  will  fonn.  These  are  the  boradc  add. 
They  are  to  be  washed  with  cold  watei^  aod 
drained  upon  paper. 

Boradc  add  thus  procured  is  in  Aa  ftnn 
of  thin  irresular  hexagonal  scales,  of  a  silvcty 
whiteness,  having  some  resemblance  to  tpO" 
maced,  aod  the  same  kind  of  gressy  fod*  It 
has  a  sourish  taste  at  first,  dien  makes  a  bit- 
terish cooling  impression,  and  at  last  leaves 
an  agreeable  sweetness.  Pressed  between 
the  teeth,  it  is  not  brittle  but  ductile.  It  baa 
no  smell;  but,  when  sulphuric  add  is  ponied 
on  it,  a  transient  odour  of  musk  is  produced. 
Its  spedfic  gravity  in  the  form  of  scsles  is 
1.479 ;  after  it  has  been  fosed,  1.803.  It  is 
not  alteied  by  lighL  Exposed  to  the  fire,  it 
swells  up,  ftom  losing  its  water  of  ojstal- 
lizatioo,  and  in  this  state  ia  called  catdned 
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It  ndts alhdBlMfaf  it  fa  nd- 
liot»  widKHit  jwreradUy  louog  aoj  wstar,  bttt 
it  does  not  flow  ftedy  till  it  it  rad,  and  then 
less  tlMUi  tlte  'borate  of  aoda.  After  tbii 
foaioii  it  is  a  baid  tnuvpntDt  da«,  baooming 
a  Utile  opaque  on  eipaiiiie  to  die  air,  vidioat 
aifastractliig  mofatme  ftom  it,  and  nndtoed  in 
tta  pcopcr^e%  lor  on  beingdfanlyed  in  boiling 
water  it  aTstalliaee  m  before.  Thfa  glaae  U 
used  in  the  composition  of  &lae  gems. 

Boilii^  water  saxedy  dissolves  ooe-fiftieth 
part,  and  cold  water  much  lev.  When  tbfa 
solution  is  distilled  in  dose  ▼easels,  part  of 
tbe  add  rises  with  the  water,  snd  crystallises 
in  the  receiver.  It  fa  more  soluble  in  slcohol, 
and  alcohol  cootaining  it  boms  with  a  green 
flame,  aa  does  paper  dipped  in  a  solution  of 
boradcadd. 

CrystallixBd  bondc  add  fa  a  compound  of 
57  varta  of  add  and  43  of  water.  The  honour 
of  mseoreriiig  the  radical  of  loracic  acid  fa 
divided  between  Sir  H.  Davy  and  MM.  Oay 
liusnc  and  ThenanL  The  ttrst,  on  applying 
ha  powcrfiii  voltaic  battery  to  it,  obtained  a 
chocaiafe^cokwired  body  in  small  quantity; 
but  the  two  latter  dxmfats,  by  actlnff  on  it 
and  potaasiiim  in  equal  quandties,  at  a  low  led 
heat,  ftrmed  boron  and  sob-borate  of  potash. 
Tor  asmsll  experiment,  aglass  tube  will  serve, 
but  on  a  greater  scale  a  copper  tabe  fa  to  be 
peefcrred.  The  potassium  and  boracic  acid, 
perfectly  dry,  should  be  Intimatdy  mixed 
bcfixe  ezpoaing  them  to  heat  On  withdraw. 
ing  the  tabe  from  the  fire,  allowine  it  to  cool, 
and  lemovinc  the  ooik  wMch  loosdy  dosed  its 
moatlu  we  iicn  poor  successive  portions  of 
water  into  it,  till  we  detach  or  dissolve  the 
wbok  matter.  The  water  ought  to  be  heated 
each  time.  Tlie  whole  oolkcted  Uquids  are 
allowed  to  settle;  when,  after  wasning  the 
prec^tate  till  the  liquid  ceases  to  sffect  syrup 
of  viokls,  we  dry  the  boron  in  a  capsule,  and 
then  put  it  mto  a  phial  out  of  contact  oi  air. 
Boron  fa  sdid,  tasteless,  inodorous,  and  of  a 
peeniflh-brown  colour.  Its  spedfic  gravity  fa 
sooBewbot  gnatcr  than  water. 

The  prime  eqidvalent  of  boradc  add  has 
been  inferred  from  the  borate  of  ammonia,  to 
be  about  2.7  or  2Ji;  oxygen  bdog  l.O;  and 
It  probably  ooosfats  of  2.0  of  oxygen  +  0.8  of 
boron.  But  by  MM.  Gay  Luasac  snd  The- 
nvd,  the  proportioos  woukl  be  2  of  boron  to 

1  otOKfgBSL 

The  bondc  add  has  a  mora  powerful  at- 
traction fiv  lime  than  finr  any  other  of  the 
bases,  tbouf^  it  does  not  resdily  form  borate 
of  lime  br  adding  a  solndon  of  it  to  lime 
vattc,  or  decomposing  by  lime  water  the  so- 
labfe  alkaline  borates.  In  either  case  on  in. 
dpid  white  powder,  nearly  insoluble,  whidi 
fa  the  borate  of  lime,  fa  however  predpitated. 
The  borate  of  baiytes  falikewise  an  insoluble, 
,  white  powder. 

has   observed,    tfast   msgnesist 
tfaiown  by  tittle  snd  little  into  a  solution  of 


bonde  add,  dJMolved  dowly,  and  the  liquor 
on  evaposation  alfiirded  granulated  crystals 
without  sny  similar  flxm :  that  these  crystafa 
fudbfahi   '     "         -        ■  • 


the  fire  without  being  deoom* 
posed;  but  that  alcohcd  was  sufficient  to  se* 
parate  the  boradc  add  fimn  the  magnesia. 
If  howefv  some  of  the  soluble  magnesian 
salts  be  deoompossd  by  alkalme  bora^  in  a 
state  of  solution,  an  insipid  and  insdublo 
borate  of  msgaesia  fa  thrown  down.  It  fa 
probable,  therefore,  that  Bergman's  salt  was 
a  borate  of  magnesia  dissdved  in  an  exceas  of 
boradc  add ;  which  add  behis  taken  up  by 
the  alcohol,  the  true  borate  ofmagnesfa  was 
predpitated  in  a  white  powder,  and  mistaken 
by  him  for  magnesia. 

One  of  the  ]^  known  combniationa  of  thfa 
add  fa  the  native  magnedo-borate  of  Kallu 
beig,  near  Lunenbmg.    See  Boracitb. 

The  borate  of  potMh  fa  but  little  known. 

With  soda  the  boradc  add  ibims  a  salt  of 
eonsiddraUe  use  in  the  arts,  and  long  known 
by  the  name  of  borax. 

According  to  M.  Arfwiedson,  borax  eowsists 
in  the  dry  or  csldned  state  of  sdd  68.0,  soda 
Sl.l  hi  100.  It  was  snslyied  by  miidng  it 
with  three  or  fbur  times  its  wdgfat  of  findy 
powdered  fluor  spar,  fkee  from  silica,  and  a 
suffident  quantity  of  sulphuric  add.  On  eva- 
porating the  mixture,  and  exposing  it  to  a  led 
nrat,  aU  the  boradc  add  was  expdOed  as  fluo- 
boric  add  gas,  and  from  the  resulting  sulphate 
of  soda  the  quantity  of  ihfa  alkaline  base  was 
ini^erred. 

OmeUn  found  borsx  to  contain  in  the  cm- 
tsllixed  stste  4/6S per  cent  of  water;  and  hi 
the  dry  state  he  regards  it  as  a  oosnpound  of 
two  parts  by  weight  of  add  and  one  of  base. 
Borax,  thcfefoK,  instead  of  bdng  eaUed,  as 
heretofore,  the  snb-borate  of  soda,  should  bo 
viewed  aa  a  bi-borate. 

From  M.  Arfwredson*8  analysfa  the  pdmo 
equivalent  of  boncfc  add  would  seem  to  i>e 
4.4,  and  from  M.  Omdin*s  4.  Br.  Thomson 
makes  it  only  3.  More  recently  M.Sottbeirons 
finds  borax  to  oonsfat  of  add  07*684,  base 
32.416;  whence  the  equivalent  of  boradc 
add  comes  out  41?^ 

Borate  of  ammonia  feons  in  small  rhom. 
bddal  crystals,  easily  decomposed  by  fire ;  or 
in  scales,  of  a  pungent  uriiMus  taste, .  which 
lose  the  crystalline  form»  and  grow  brown  on. 
exposure  to  the  air. 

The  boradc  add  unites  with  silex  by  fiw 
don,  snd  forms  with  it  a  solid  and  permanent 
vitreous  compound. 

The  bonac  add  has.  been  found  in  a  du« 
engaged  state  in  severd  lakes  of  hot  mineral 
waten  near  Monte  Rotoodo,  Berchiaio,  and 
Castdloouovo  in  Tuscany,  in  the  proportion 
of  nearly  nine  grdns  in  a  hundred  of  water, 
by  M.  Hoefo.  M.  Mascagni  afao  found  it 
adhering  to  scbfatus,  on  the  borders  of  lakes, 
of  an  obscure  white,  yeUow,  or  groeaiah  00* 
lour,  and  crystslliaed  m  ths  form  of  needles. 
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He  has  likewise  found  H  in  combination  wHh 
ammonia.    See  Salt. 

ACID  (BROMIC).  When  !>rome  is  agi. 
tated  wiih  a  sufficiently  concentrated  solution 
of  potash,  two  very  different  compounds  are 
formed.  Hjdrobromate  of  potash  remains 
dissolved  in  the  liquid.  A  wldte  powder  pre. 
cipitates  to  the  bottom  of  the  vessel,  of  a  crys- 
talline aspect,  which  fuses  on  red-hot  coals 
like  nitre,  and  is  transformed  by  heat  into 
bromide  of  potassium,  with  the  disengagement 
of  oxygen.  This  crystalline  powder  is  bro* 
mate  of  potash.  It  is  scarcely  soluble  in  al- 
kohol,  but  in  boiling  water  it  dissolves  pretty 
eqpiously,  ftom  which  solution,  by  cooling, 
there  fall  down  needles  grouped  together. 
When  crystallized  by  evaporation,  the  bro- 
mate  is  deposited  in  crystalline  plates,  with 
little  lustre.  It  deflagrates  on  ignited  char, 
coal ;  and  when  mixM  in  powder  with  sub- 
limed sulphur,  it  detonates  on  being  struck  by 
a  hammer. 

The  solution  of  this  salt  yields  a  precipitate 
with  nitrate  of  silver.  This  white  and  puL 
verulent  precipitate,  blackening  with  difficulty 
on  contact  with  light,  is  thereby  distinguished 
from  bromide  of  silver,  which  is  yellowish, 
curdy,  and  easily  affecteid  by  the  sunbeams. 

The  salts  of  lead,  which  produce  an  abun- 
dant  crystanine  precipitate,  with  hydrobromate 
of  potash,  have  no  effect  on  the  bromate. 

Bromate  of  barytes  forms  adcular  crystals, 
soluble  in  boiling  water,  scarcely  so  in  cold 
water,  and  melting  with  a  green  flame  on 
burning  coals. 

On  pouring  dilute  sulphuric  add  into  the 
solution  of  bromate  of  bar3rtes,  so  as  to  preci. 
pitate  the  whole  of  the  bsse,  a  dilute  solution 
of  bromic  add  is  obtained.  The  bromate  of 
barytes  is  best  obtained  for  this  purpose  by 
combining  chlorine  with  bromc,  and  by  placing 
this  compound  in  contact  with  a  solution  of 
that  earth. 

By  slow  evaporation  the  greater  part  of  the 
¥rater  may  be  removed.  It  then  acquires  a 
syrupy  consistence.  If  the  temperature  be 
nUsA  higher  with  the  view  of  expdling  the 
water  completely,  one  portion  of  the  add  eva. 
pontes,  and  the  other  is  decomposed  into 
oxygen  and  bnnne.  The  same  change  seems 
to  ensue  when  the  concentration  is  pushed  too 
far  by  the  action  of  a  surface  of  sulphuric  acid 
in  vacuo.  Water  thus  appears  to  be  necessary 
to  the  constitution  of  bromic  add. 

This  add  first  reddens  litmus  paper,  and 
soon  thereafter  deprives  it  of  colour.  It  has 
scarcely  any  smclL  Its  taste  is  very  add,  but 
not  at  all  corrosive. 

The  hydradds,  as  also  those  which  are  not 
saturated  with  oxj^en,  act  with  great  enerey 
on  bromic  add.  The  sulphurous,  muriatic, 
h3rdriodic,  and  hydrobromic  acids  decompose 
St,  as  well  as  sulphuretted  hydrogen.  From 
hydriodic  add,  compound/^of  brome  with 
chlorine  and  iodine,  mult. 


Bromic  add  appears  to  be  composed,  in  190 
parts,  of  64.09  brome, 

35.31  oxygen. 
If  it  contab,  like  the  chloric  add,  6  atoms  of 
oxygen,  the  atomic  weight  of  brome  would 
thus  be  9.1 ;  but  other  experiments  seem  to 
make  it  9.5 ;  whence  the  acid  should  consist 
of  65.52  brome,  -f  34.46  oxygen. 

ACID  (BUTYRIC).  We  owe  the  dis- 
covery of  this  add  to  M.  ChevreuL  Butter, 
he  says,  is  composed  of  two  fst  bodies,  analo. 
gous  to  those  of  hog*8  lard,  of  a  colonriiig 
prindple,  and  a  remarkable  odorovs  one,  to 
which  it  owes  the  properties  that  distingaiBh 
it  from  the  fats,  properly  so  called.  This 
prindple,  whidi  he  has  called  butyric  add^ 
forms  wen  chnracterixed  salts  with  b»ytc8» 
strontian,  lime,  the  oxides  of  copper,  lead, 
&c. ;  100  parts  of  it  neutralize  a  quantity  of 
base  which  contains  about  10  of  oxygen.  M. 
Chevreul  has  not  explained  his  method  of 
separating  this  add  from  the  other  constl. 
tuents  of  butter.  See  Joum.  ie  Phamutctey 
ill.  80. 

ACID  (CAMPHORIC).  One  part  of 
camphor  being  introduced  into  a  glass  retort, 
four  parts  of  nitric  add  n.  gr.  1.33  are  to  be 
poured  on  it,  a  receiver  adapted  to  the  retort, 
and  an  the  joints  weU  luted.  The  retort  is 
then  to  be  placed  on  a  sand-heat,  and  gradu- 
aUv  heated.  During  the  process  a  consider* 
able  quantity  of  nitrous  gas,  and  of  carbonic 
add  gas,  is  evolved ;  and  part  of  the  camphor 
is  volatilized,  while  anomer  part  seizes  the 
oxygen  of  the  nitric  add.  When  no  mere 
vapours  are  extricated,  ^  vessels  are  to  be 
separated,  and  the  sublimed  camphor  added 
to  the  acid  that  remains  in  the  retort.  A  like 
quantity  of  nitric  add  is  again  to  be  poured 
on  this,  and  the  distination  repeated.  Thia 
operation  must  be  rdterated  till  the  camphor 
is  complctdy  addified.  Twenty  parts  of  nitric 
add  are  sufficient  to  addify  one  of  camphor. 

When  the  whole  of  the  camphor  is  acidified, 
it  crystaUizcs  in  the  remaining  Uquor.  The 
whole  is  then  to  be  poured  out  ujwn  a  filler, 
and  washed  with  distilled  water,  to  carry  off 
the  nitric  add  it  may  have  retained.  The 
most  certain  indication  of  the  addificaticm  of 
tlie  camphor  is  its  crystanizing  on  the  cx)dflng 
of  the  liquor  remaining  in  the  retort. 

To  purify  this  add  it  must  be  dissolved  in 
hot  distilled  water,  and  the  solution,  after 
bdng  filtered,  evaporated  nearly  to  half,  or 
tin  a  slight  pellide  forms;  when  the  canx. 
phoric  add  wiU  be  obtained  in  crystals  on 
cooling. 

Camphoric  add  has  a  slightly  add,  bxMer 
taste,  and  reddens  infusion  of  litmus. 

It  crystaUizes;  and  the  crystals  upon  Ae 
whole  resemble  those  of  muriate  of  ammonia* 
It  cfiloresces  on  exposure  to  the  atmoepbere; 
is  not  very  soluble  in  cold  water ;  when  placed 
on  burnioff  coals,  it  gives  out  a  thick  aroinaric 
smoke,  and  is  enthrcly  dissipated  ;  and  wUh  % 
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gmb  bMfc  Bie2a»  and  is  suUfaneiL  It  u  ao- 
h&Ue  in  aloohol,  and  is  not  pzeci]>itated  from 
k  by  vnter ;  a  |itup«ty  that  di»lingiimhf«  it 
from  tbe  bcBsok  aod.  It  unites  easily  with 
the  earths  and  aftahi.  See  Salts  (Table 
or> 

ACIB  (CAPAIC).  An  add  obtained  by 
ClicTTeiil  han  tbe  soi^  made  with  the  butter 
of  cow*s  ouZI^  and  so  named  because  it  has  a 
amea  tke  that  of  a  goat.  At  5«  Fahr.  it 
exois  ID  the  form  of  oystaLu  At  65«  F.  iu 
sp.ff,is (LSliK  100  psru  water  dissolve  only 
0L1^  but  with  tdoohol,  it  combines  in  all  pro- 


ACID  (CAP&OIC).    An  add  simihtr  to 
the  preeeding,  and  obtained  bom  the  same 


Its  prime  equivalent  in  the  crystalline  state 
aeeonto  be  about  1 1. 

ACID  (CARBONIC).  This  add.  bdng 
a  comjiBuud  of  carbon  and  oxygen,  may  be 
foaaea  bj  burning  charcoal ;  but  as  it  ez»ts 
m  pest  abundance  ready  formed,  it  is  not  n&> 
cewy  to  faa¥e  recourse  to  this  expedient  All 
that  b  neceaaary  is  to  pour  sulphuric  ot  mu- 
riatic add,  diluted  with  five  or  six  times  its 
vei^  flf  vatcTp  on  ooomion  chalk,  which  is  a 
compound  of  carlwnic  add  and  lime.  An 
tScmaotaee  ensues;  carbonic  add  is  evolved 
in  the  stale  of  gas,  and  may  be  recdved  in  the 


Caibanic  add  abounds  in  great  quantities 
IB  nature,  and  appears  to  be  produced  in  a 
vanety  of  drcnmstsnces.  It  composes  -^  of 
tbe  wci^  of  limestone,  marble,  calcareoQs 
ipar,  and  other  natural  spedmeos  of  calcareous 
ewtii,  fiom  which  it  may  be  extricated  dther 
by  the  simple  awlication  of  heat,  or  by  the 
■ipcrior  affinity  ofsome  other  acid ;  most  acids 
having  a  atronger  acdon  on  bodies  than  this. 
Wattr,  under  the  common  pressure  of  the  at. 
icoBphoe,  and  at  a  low  temperature,  absorbs 
tomewhat  more  than  its  bulk  of  fixed  air,  and 
tbca  appears  addulous.  If  the  pressure  be 
g^reatcr,  the  ahiorpdoD  u  augmented.  It  is  to 
be  observed,  Hkcwise,  that  more  g&s  than  the 
water  w€l  absorb,  should  be  present  Heated 
water  abaorbs  Jess;  and  if  water  impregnated 
with  thb  acid  be  exposed  on  a  brisk  fire,  the 
rapid  escape  of  the  aerial  bubbles  afibrds  an 
^pearance  as  if  the  water  were  at  the  point  of 
boOiag,  when  the  heat  is  not  greater  than  the 
hand  can  beaiw  Congelation  separates  it  readily 
aztd  compJetdy  from  water ;  but  no  degree  of 
caU  has  yet  brought  thb  add  to  a  state  of 
fluidity. 

Carbonic  add  gas  b  much  denser  than 
fommaB  ah>,  and  for  thb  reason  occupies  the 
lew«  pacts  of  sndb  mines  or  caverns  as  con- 
tain mateiiala  which  afford  it  by  decomposi- 
tion. The  miners  call  it  dioke^damp.  The 
Gnns  del  Caiuit  in  the  kingdom  of  Naples, 
haa  ben  fiunons  for  ages  on  account  of  the 
cffiactt  tCa  stratum  of  fixed  air  which  covers 
hs  bottOQ.  It  b  a  cave  or  hole  in  the  side  of 


a  mountain*  near  the  lake  Agnano,  measuring, 
not  more  than  eighteen  fbet  from  its  entrance 
to  the  inner  extremity;  where  if  a  dog  or  other 
aninud  that  holds  down  its  head  be  thrust,  it 
b  immediatdy  killed  by  inhaling  thb  noxious 
fluid. 

Csrbonic  sdd  gas  b  emitted  in  large  quan. 
titles  by  bodies  in  the  s(^  of  die  vinous  frr- 
mentation,  ^see  Fermevtatioit)  ;  and  on 
account  of  its  great  weight,  it  occupies  the 
^parently  empty  space  or  upper  part  of  the 
vessels  in  which  the  fermenting  process  b 
going  on.  A  variety  <xf  striking  experiments 
may  be  made  in  thb  stratum  m  elastic  fluid. 
Lighted  paper,  or  a  candle  dipped  into  it,  b 
immedUtely  extinguished ;  and  the  smoke  re- 
maining  in  the  carbonic  add  gas  renden  its  sur- 
face vbible,  whidi  may  be  urown  into  waves 
by  sgitatum  like  water*  If  a  dish  of  water  be 
immersed  in  thb  gas,  snd  btbkly  agitated,  it 
soon  becomes  impregnated,  and  obtains  the 
pungent  taste  of  Pynnont  water.  In  con. 
sequence  of  the  weight  of  the  carbonic  acid 
gas,  it  may  be  lifted  out  in  a  pitcher,  or  bottle^ 
which,  if  well  corked,  may  be  used  to  convey 
It  to  great  dbtanoes,  or  it  may  be  drawn  out 
of  a  vessd  by  a  cock  like  a  liquid.  The  ef. 
fects  produced  by  pouring  thb  invisible  fluid 
from  one  vesid  to  anot&,  have  a  very  ahu 
gular  appearance :  if  a  candle  or  small  animal 
be  pbced  in  a  deep  vessel,  the  former  becomes 
extinct,  and  the  latter  expires  in  a  few  seconds, 
after  the  carbonic  add  ^  b  poured  upon 
them,  though  the  eye  b  incapaUe  of  dbtin>. 
gubhing  any  thmg  that  b  poured.  I^  how^ 
ever,  it  be  poured  into  a  veaad  ftiU  of  air,  in 
the  sunshine,  its  density,  bein^  so  much  greatec 
than  that  of  the  air,  renders  it  slightly  visible 
by  the  undulations  and  streaks  it  fonns  in  thb 
fluid,  as  it  descends  through  it 

Carbonic  acid  reddens  infusion  of  litmus; 
but  the  redness  vanishes  bv  exposure  to  the  air» 
as  the  add  flies  ofi^.  It  has  a  peculiar  sharp 
taste,  which  may  be  perceived  over  vats  in 
which  wine  or  beer  b  fermenting,  as  also  in 
sparkUng  Champaign,  and  the  brisker  kinds  of 
dder.  Light  passing  through  it  b  refracted  by 
it,  but  does  not  effect  any  sensible  alteration 
in  it,  though  it  appears,  from  experiment, 
that  it  favours  the  separation  of  its  prindples 
by  other  substances.  It  will  not  unite  with 
an  overdose  of  oxygen,  of  which  It  contains 
72.72  parts  in  100,  the  other  27-28  bdng  pure 
carbon.  It  not  only  destroys  life,  but  the 
heart  and  muscles  of  animab  killed  by  it  lose 
all  their  initability,  so  as  to  be  insensible  to 
the  stimulus  of  galvanbm. 

Carbonic  acid  b  dilated  by  heat,  but  not 
otherwise  altered  by  it  It  b  not  acted  upon 
by  oxygen.  Charcoal  absorbs  it,  but  gives  it 
out  again  unchanged,  at  ordinary  temper, 
atures ;  but  when  this  gaseous  add  b  made 
to  traverse  charcoal  ignited  in  a  tube,  it  b 
converted  into  carbonic  oxide.  Phosphorus  b 
insoluble  in  carbonic  add  gas;  but  is  capable 
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of  decomporing  it  by  oompoand  aflfadty,  vlien 
aidsted  by  suffident  beat ;  and  Priestley  and 
CruickshaDk  bave  ibowD,  that  iion,  zinc,  and 
aeveral  other  metals,  are  capable  of  piodaciiig 
tbe  tame  effect.  The  inflammable  air  of 
tnarsbea  ia  frequently  carburetted  bydiogen 
intimately  mixed  with  cazbonic  acid  gas,  and 
die  sulphnxetted  hydrogen  gas  obtained  from 
minerat  waters  is  very  of^  mixed  with  it 

C«bonic  acid  appears  from  various  experi- 
ments of  Ingeohouss  to  be  of  considerable 
ntilxty  in  promoting  vegetation.  It  is  pro- 
bably decomposed  by  the  organs  of  plants,  its 
base  frunishbg  part  at  least  of  the  carbon  that 
ii  so  abundant  m  the  vegetable  kingdom,  and 
its  oxygen  contributing  to  replenSi  the  at- 
mosphere with  that  necessary  support  of  life» 
which  is  continually  diminished  by  the  re. 
spimtion  of  animals  and  otlier  causes. 

The  most  exact  experiments  on  the  neutral 
carbonates  concur  to  prove,  that  the  prime 
equivalent  of  carbonic  add  is  2.75 ;  ana  that 
it  consisis  of  one  prime  of  carbon  ^  0*7d  -f- 
2.0  oxygen.  This  proportion  is  most  exactly 
deduced  from  a  comparison  of  the  specific 
gravities  of  cariionic  add  gas  and  oxygen; 
for  it  is  well  ascertained  that  the  latter,  by  its 
combination  with  diarcoal,  and  conversion  into 
the  former,  does  not  change  its  volume.  Now, 
100  cubic  inches  of  oxygen  weigh  33.8  gr.  and 
100  cubic  inches  of  carbonic  add  40.5,  showing 
the  weight  of  combined  charcoal  in  that  quan- 
ti^  to  be  12.7.  But  the  oxide  of  cariKHi  con- 
tains  only  ludf  the  quantity  of  oxygen  whidi 
carbonic  add  does ;  and  we  hence  infer,  that 
the  oxide  of  carbon  ooosistt  of  one  prime  of 
oxygen  united  to  one  of  carbon.  This  a  priori 
judgment  is  confirmed  by  the  weight  2.76  de- 
duced fnax  the  carbonates,  as  the  prime  equi. 
▼alent  of  carbonic  add.  Therefore  we  have 
this  proportion : — 

If  33.8  represent  two  primes  of  oxygen  or 
2;  12.7  will  represent  one  of  carbon;  SaS: 
2: :  12.7: 0.761,  being,  aa  above,  the  prime 
equivalent  or  first  combining  proportion  of 
carbon.  If  the  specific  gravity  A  atmospheric 
air  be  called  1.0000,  that  of  carbonic  add  will 
be  1.6277. 

We  have  seen  that  water  absorbs  about  its 
volume  of  this  add  gas,  and  thereby  acquires 
A  spedfic  gravity  of  1.0016.  On  fireering  it, 
the  gas  is  as  completdy  expelled  as  by  bcifiug. 
By  artificial  pressure  with  forcing  pumps, 
water  may  be  made  to  absorb  two  or  tmee 
times  its  bulk  of  carbonic  add.  When  there 
Is  also  added  a  little  potash  or  soda,  it  be- 
comes  aerated  or  carbonated  alkaline  water,  a 
pleasant  beverage,  and  a  not  inactive  remedy 
m  several  complaints,  particulariy  dyspepsia, 
hiccup,  and  disorders  of  the  kidneys.  Alcohol 
condHises  twice  its  volume  of  carbonic  add. 
The  most  beaudAil  analytical  experiment  with 
carbonic  add  is  the  combustion  of  potassium 
in  it,  the  fbmiation  of  potash,  and  the  depo. 
iitkm  of  charcoal.    Nodiing  shows  the  power 


&f  dwfBiical  icseafdi  in  a  notv  fttovidiw 
light  than  the  extraction  of  an  invinble  gas 
from  Parian  marble  or  crystaUixed  spar*  and 
its  resolution  by  such  an  experiment  into 
oxygen  and  carbon.'  Yrcfm  the  proportions 
above  stated,  6  gr«  of  potassium  should  be 
used  for  3  cubic  indies  of  gas.  If  less  be 
employed,  the  whole  gas  will  not  be  decom- 
posed, but  a  pan  wiH  be  absorbed  by  the  pot- 
ash. From  the  above  quantities,  3.8ths  of  a 
grain  of  diarcoal  will  be  obtained.  If  a  par- 
celain  tube,  containings  coil  of  fine  iron  wire, 
be  ignited  in  a  ftinune,  and  if  caxtNwic  add 
be  passed  backwaida  and  forwaids  by  meana 
of  a  fixll  and  empty  bladder,  attached  to  the 
ends  of  the  tube,  the  gas  will  be  eonverted 
into  carbonic  oxide,  and  the  irao  will  be 
oxidiased. 

Carbonic  add  gas  may  be  rendcnd  Bqud 
by  oreat  pressure.  Take  a  strong  glass  syphon, 
andseal  the  end  of  Its  shorter  leg.  By  means 
of  a  long  dass  ftmnel,  nearly  fill  tha*  kg  with 
strong  sulphuric  add :  obstmct  tlie  benddl 
part  with  a  bit  of  platfainm  finl,  and  faitroduoe 
over  thb  small  pieces  of  carbonate  of  ammo- 
nia till  the  tube  be  neariy  filled :  now  seal 
strongly  by  fusion  the  open  end  of  the  tube; 
then  xnake  the  sulphuric  add  to  run  over  00 
the  carbonate,  and  leave  the  tube  hidioed  in 
sudi  a  position  as  diet  all  the  add  may  drain 
out  of  the  shorter  leg.  Great  caie  must  mean- 
while  be  taken  of  the  eyes,  for  the  tabe  is  very 
apt  to  explode;  When  the  dean-dndncd  end 
is  afterwards  pUwed  in  a  mixture  of  ios  and 
salt,  carbonic  add  in  dte  liquid  state  wiS 
distil  over. 

Carbonic  add  is  a  limpid,  colooiless  body, 
extremely  fluid,  which  floats  upon  the  other 
contents  of  the  tube,  so  that  the  hasordous 
process  of  distillation  is  baldly  necessary, 
though  this  goes  on  rapidly  at  the  difference 
of  temperature  between  32*  and  0*.  Its  re- 
fractive power  is  mudi  less  than  that  of  water. 
Its  vapour  exerts  a  pressure  of  36  atmospheres 
at  a  temperature  of  32*.  A^  this  Hqoid  add 
remams  in  contact  with  concentrated  nilphuric 
add,  it  may  be  inferred  to  hetnettam  water. 
For  this  most  interesting  discovery,  and  other 
analogous  ones  on  other  gases,  we  are  indebted 
to  Mr.  Faraday.    Ph.  Tr.  1823. 

In  point  of  afiSnity  for  the  earths  and  alkalis, 
carbonic  add  stands  apparently  low  in  the  aealeb 

The  carbonates  are  diaracterised  by  eBr- 
vesdng  with  almost  all  the  adds,  even  the 
acetic,  when  they  evolve  their  gaseous  add, 
which,  passed  into  lime  water  by  a  tube,  de- 
prives it  of  its  taste,  and  converts  it  into  chalk 
and  pure  water. 

The  carbonaU  of  baryta  was,  by  Dr.  Wi- 
thering, first  found  native  at  Alston  Moor  in 
Cumberkuid,  in  1783.  From  this  drcnm- 
stance  it  has  been  termed  Witherite  by  Werner. 

It  may  be  prepared  by  exposing  a  sdutioo 
of  piue  barytes  to  the  atmosphere,  wtien  it  will 
be  covered  with  a  pellide  of  this  salt  by  ab- 
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^ i  add;  orcnliooic  add  mty 

be  veedvad  Infio  lliiii  aolixtion,  in  wiiidi  it  win 
ioEBiiediatdy  nmi  a  copiiiiiw  picdpitatc ;  or  a 
wiarion  of  nitrate  or  mmiate  of  bazytes  may 
be  prednitated  by  a  fointion  of  die  carbonate 
of potan,  aodiij  or looBonia*  The  predntate) 
in  cxdior  of  tficiecaaea,  bdng  well  waahea,  will 
be  ibund  to  be  voy  pore  carbonate  of  boiy  tee* 
The  oaibsnafe  of  baiTtea  b  adlable  only  in 
4904  times  its  vdgjht  of  eold  water,  and  2304 
of  faofl&i^  vater,  and  this  reqnhrei  a  long  time; 
bot  VBler  aafwriiffd  with  carbooic  aad  dis- 
advei  l-830ch>  it  u  not  altered  by  exposure 
to  tile  air,  bat  is  deeouposed  by  the  applica- 
tioo  of  a  Yciy  TMcBt  heat,  eidicr  in  aUack 
lad  emcBneg  or  wlien  lomied  mto  a  paste  wiu 
tharcoal  powdcb  Somnific  add,  in  a  oon« 
centrated  Mate,  or  dihtted  with  three  or  four 
parts  of  wafeR,  does  not  separate  the  carlM»ic 
add  widi  rfarewaaice,  vnkss  asnted  by  heat 
Mwnatie  add  does  not  act  upon  it  likewise, 
mkm  diZnted  with  water,  or  aasurtad  by  heat 
And  niaie  acid  doea  not  act  upon  it  at  dl,  uo. 
kasdOated.     It  has  no  sensible  taste,  yet  it  is 


As  ms  salt  baa  latdy  been  fbond,  in  large 
<|qanriti«,  near  Murtoo  in  Cmnberiand,  and 
some  odier  places  in  tlie  ndnity,  it  might 
pBBbabiy  bebittodneed  iato  manufactores  with 
adfaatage^  as  fiir  eztractbg  the  bases  of  se« 
vcnlfilitk 

It  if  csmposed  of  2.75  parts  of  add,  and 
9L75  of  barytea.  Its  prime  equivalent  is  there- 
fiRe  the  sum  of  tliese  nomben  =  12.& 

Cafhmate  rfgtrouHan  was  first  pointed  oat 
as  dlKBict  fiom  the  preeeding  spedes  by  Dr. 
DawSnd,  fa  1790.    See  He att  S  par. 

It  eoBsiata  of  0.5  stxootites  +2.75  carbonic 
add  =9.25. 

CorfaiMtff  of  fioK  edsti  in  greatdmndance 
in  oatore.  It  has  scaredy  sny  taste;  isinsdn- 
Ue  in  pare  water,  bat  water  saturated  with  car- 
boak  add  takea  op  1-ldOOth,  though  aa  the 
addfliesoffthas  la  precipitated.  It  aoiicrs  little 
or  no  dacraikn  QB  expoaare  to  the  air.  When 
heated  it  deaepitatc^  ita  water  flies  oflf,  and 
lastly  its  add;  bot  this  reqaiies  a  pretty  strong 
heat    By  this  process  it  is  burned  into  lime. 

It  is  eomposei  of  3^  lime  -^  2.75  carbonic 
add  =&25;  or  in  100  parts,  of  50.  lime  and 
44.  add.  See  Calcakeocb  Spar  and  Lime- 

8TOVX. 

f%r  oarftomi^or  sttb^arbonate  oipottuh  was 
lone  ksawn  by  the  name  of  vegetable  aOcalL 

Am  water  at  the  nsoal  temperature  of  the 
air  dissobea  rather  more  than  its  weight  of  this 
salt,  we  have  tbns  a  ready  mode  of  detecting  its 
sdultcraiiaiia  in  general ;  and  as  it  is  often  of 
fwisinainn  in  manufiictores*  to  know  how 
Badi  afadi  a  particalar  spedmen  contains, 
tfaia  nsy  be  ascertained  by  the  quantity  of  sul- 
pntmaadd  it  will  satnrate. 

Thiasdt  is  ddiqnescent 

ft  eoVhuof  0  potash  +  2.75  carbonic  add 
=0.7*. 


f%€  H^arbondte  ofpoUuh  eryttallices,  atf« 
ending  to  Fourcroy,  In  square  prisma,  the 
Mpices  ot  wbidi  are  quadno^idar  pyramida. 
Acoocdfaig  to  Pdleder  they  atetetxaSdial  riiom* 
bddd  prisms,  widi  dHidid  summits.  The 
complete  crystal  has  eight  ftecs,  two  hexagons, 
two  reetang^  and  ftur  rbomba.  It  has  in 
urinous  bat  not  caustic  taste,  changes  the  sy* 
rap  of  violets  grsoi ;  boiling  water  ibaohett 
five-sixths  of  its  weight,  and  odd  water  one« 
foarth ;  alcohol,  even  when  hot,  will  not  dis- 
sdve  more  than  1.1200th.  Its  specific  gravity 
IB  2.012. 

When  it  ia  very  pare  and  wdl  crystallbdl 
it  dfloresces  on  exposure  to  a  dry  atmosphere,' 
though  it  was  formerly  considered  as  ddiques-- 
cent  It  waa  thought  that  the  common  sdt  of 
tartsr  of  the  shops  was  a  compound  of  this  car-' 
bonate  and  pare  potash ;  the  latter  of  which, 
bdng  very  ddiqaescent,  attracts  the  moistare 
of  the  air  till  the  whole  is  dissolved.  From  its 
smooth  ibd,  and  the  manner  In  which  it  was 
prepared,  the  dd  diemists  called  that  sdntion 
fM  of  tartar  fer  deHquhtm. 

The  bicarbonate  of  potash  mdts  wiA  a 
gentle  heat,  loses  its  water  of  crystallization, 
amounting  to  -j^  and  gives  out  one-half  of  its 
carbonic  add.  To  obtam  the  bicarbonate  we 
must  saturate  the  common  carbonate  with  car- 
bonic  add,  wfaidi  is  best  done  by  passing  the 
add  in  the  state  of  gas  through  a  solution  of 
the  salt  in  twice  its  weight  of  water. 

The  bi-carbonate,  usually  called  super-car- 
bonate by  the  apothecaries,  consists  of  2  primes 
of  carbonic  acid  r=  5.500, 1  of  potash  =  0,  and 
one  of  water  =  1.125,  in  all  12.025. 

The  carbonate  of  toda  has  likewise  been 
long  known,  and  distinguished  from  the  pre- 
ceding by  the  name  of  mineral  alkaXL  In  oom- 
meroe  it  is  usually  called  Imritta^  or  9oda  f  in 
which  state,  however,  it  dways  contains  a 
mixture  of  earthy  bodies,  and  ususHy  common 
sdt  It  may  be  purified  by  diudving  it  in  a 
small  portion  of  water,  filtering  the  solution, 
evaporating  at  a  low  heat,  and  skimming  oft 
the  crystals  of  muriate  of  soda  as  they  form  on 
its  surface.  When  these  ceaae  to  form,  the  so- 
lution may  be  sufiered  to  cool,  and  the  car- 
bonate of  soda  will  crystdltze. 

It  is  found  abundantly  in  nature.  In] 
where  it  is  collected  finnn  the  surface  < 
earth,  particularly  after  the  desiccation  of  tem- 
porary lakes,  it  has  been  known  from  tfane  im- 
memorid  by  the  name  of  aifrtifn,  natron^  or 
natrum.  A  carbonate  of  soda  exported  from 
Tripoli,  which  is  called  Trona  from  the  name 
of  the  place  where  it  is  found,  and  andyzed  by 
Klaproth,  contained  of  sod4  37  parts,  carbonic 
add  38,  water  of  crystallization  22.5,  sulphate 
of  soda  2.    This  does  not  effloresce. 

It  crystallizes  in  irregular  or  rhomboidd  de- 
caJSdrons,  formed  by  two  quadrangular  pyra- 
mids, truncated  very  near  their  bases.  Fre- 
quently  it  exhibits  only  rhomboidd  lamina?. 
Its  specific  gravity  is  1.3591.    Its  taste  is 
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urinenBy  and  tH^dj  aeild,  witfaoat  bdng 
caustic.  It  chaoges  blue  vegetable  ooloun  to 
»  green.  It  is  soluble  in  less  than  its  weight 
of  boiling  water,  and  twice  its  weight  of  cdd. 
It  is  one  of  the  most  efflorescent  salts  known, 
falUng  completely  to  powder  in  no  long  time. 
On  the  application  of  heat  it  is  soon  rendered 
fluid  from  the  great  quantity  of  its  water  of 
cnrstallizatiaD ;  but  is  dried  by  a  continuance 
of  the  heat,  and  then  melts.  It  is  somewhat 
more  fusible  than  the  carbonate  of  potash,  pro- 
motes the  fusion  of  earths  in  a  greater  degre^ 
luod  foims  a  glass  of  better  quality.  Like  that, 
it  is  veiy  tenadous  of  a  certain  portion  of  its 
carbonic  add.  It  consists  in  its  dry  state  of  4 
soda,  -f  2.75  add,  =  6.75. 

But  the  crystals  contain  10  prime  pro. 
portions  of  water.  They  are  composed  of  22 
soda,  -f- 15.3  carbonic  add,  +  62*7  water  in 
100  parts,  or  of  1  primeof  sods  =  4,1  of  carb. 
add  =  2.75,  and  10  of  water  =  11.25,  in 
whole  i& 

The  bi-carbonate  of  soda  may  be  pi^ared 
by  saturating  the  solution  of  the  preceding  salt 
with  carbonic  add  gas,  and  then  evaporating 
with  a  very  gentle  heat  to  dryness,  when  a 
white  irregular  saline  mass  is  obtained.  The 
salt  is  not  crystallixable.  Its  constituents  are 
4  soda,  +5.50  carb.  add,  +1 .125  water,  = 
10.625 ;  or  in  100  parts  37-4  soda,  -f  52  add, 
4- 10.6  water.  The  intermediate  native  com- 
pound, the  African  trona,  consists,  according 
to  Mr.  R*  PhilUpfl,  of  3  primes  cazbonic  add, 
+  2  soda, +4  water;  or  in  100  parts,  38 
soda,  +  40  add,  -f-  22  water.  See  the  article 
Ca&bokate. 

The  carbonate  of  magnesia^  in  a  state  of  in[u 
perfect  saturation  with  die  add,  has  been  used 
in  medicine  for  some  time  under  the  simple 
name  of  noagnesia.  It  is  prqwred  by  pre- 
dpitation  fitjm  the  sulphate  of  magnesia  by 
means*  of  carbonate  of  potash.  Two  parts  of 
sulphate  of  magnesia  and  one  of  carbonate  of 
potash,  each  dissolved  in  its  own  weight  of 
boiling  water,  are  filtered  and  mixed  t<^ether 
hot;  the  sulphate  of  potash  is  separated  by 
copious  washing  with  water ;  and  Uie  carbon- 
ate of  magnesia  is  then  left  to  drain,  and  afler- 
wards  spread  thin  on  paper,  and  carried  to  the 
drying  stove.  When  once  dried  it  will  be  in 
friable  white  cakes,  or  a  fine  powder. 

Another  mode  of  preparing  it  in  the  great 
will  be  found  under  we  article  Magnesia. 

The  pulverulent  carbonate  of  magnesia  of 
the  apothecary  has  a  somewhat  uncertain  com- 
pontion  as  to  the  proportion  of  add,  earth, 
and  water.  But  there  exists  in  nature  a  car. 
bonated  magnesia  in  the  true  equivalent  pro- 
portions of  2.75  add  to  2.5  base.  See  Mag- 
XE8ITE  and  Dolomite. 

Carbonate  ofanwioniay  when  very  pure,  is 
in  a  crystalline  fonn,  but  sddom  very  regular. 
lu  crystals  are  so  sniall,  diat  it  is  difficult  to 
detennine  their  fi^^uie.  The  crystals  commonly 
produced  by  subhmation  arc  little  bundles  of 


noadlfl^  or  very  slender  prima,  1 
as  to  reineseot  herborizations,  fern  leaves,  or 
feathers*  The  taste  and  smell  of  this  salt  are 
the  same  with  those  of  pure  ammonia,  but 
much  weaker.  It  tnma  tne  colour  of  violets 
green,  and  that  of  turmeric  brown.  ItissoluUe 
m  rather  more  than  thrice  its  wdght  of  cdd 
water,  and  in  its  own  weight  oi  hot  water ;  but 
a  boiling  heat  volatiltres  it.  When  pure,  and 
thoroughly  saturated,  it  is  not  perceptibly  altera 
able  in  the  air;  but  when  it  has  an  excess  of 
ammonia,  it  aofbns  and  grows  moist.  It  can. 
not  be  doubted,  however,  that  it  is  soluble  in 
air ;  for  if  left  in  an  open  veseel,  it  gndually 
diniinishes  in  weight,  and  its  peculiar  smell  is 
diffused  to  a  oertun  diatanoe.  Heat  readily 
sublimes,  but  does  not  deoompoae  it. 

It  has  been  prepared  by  the  destnictive  dis. 
tillation  of  animal  substances,  and  some  others, 
in  large  iron  pots,  with  a  fire  incteaaed  by  de. 
grees  to  a  strong  red  heat,  the  aqueous  Hqucr 
that  first  comes  over  being  removed,  tliat  the 
salt  might  not  be  dissolved  in  it  Thus  we  had 
the  tail  ofharttltom.  Thus,  however,  it  was 
much  contaminated  by  a  fetid  animal  0^  from 
which  it  required  to  be  subsequently  purified, 
and  is  much  better  fabricated  by  mixing  one 
part  of  muriate  of  ammonia  and  two  i^  car. 
bonate  of  lime,  both  as  dry  as  possible,  and 
subliming  in  an  earthen  retort. 

Sir  H.  Davy  has  shown  that  its  component 
parts  vary,  according  to  the  manner  of  pre- 
paring  it  The  lower  the  temperature  at  which 
It  is  formed,  the  greater  the  proportkm  of  add 
and  water.  Thus,  if  formed  at  the  tempera- 
ture  of  3000,  it  contains  more  than  fifty  per 
cent,  of  alkali ;  if  at  60»,  not  more  than  twenty 
percent 

There  are  indeed  two  or  three  definite  com- 
pounds  of  carbonic  acid  and  ammonia.  The 
1st  is  the  solid  8ul>-cttrbonate  of  the  shops.  It 
consists  of  55  carbonic  add,  30  ammonia,  and 
15  water;  or  probably  of  3  primes  carbonic 
add,  2  ammonia,  and  2  water ;  in  all  14.75 
for  its  equivalent.  2d,  M.  Gay  Lussac  has 
shown,  that  when  100  volumes  of  amrooniacsl 
gas  are  mixed  with  50  of  carbonic  add,  the 
two  gases  predpitate  in  a  solid  salt,  which  must 
consist  by  weight  of  b^  add  -f-  43}  alkali, 
bdng  in  the  ratio  of  a  prime  equivalent  of 
each.  3d,  When  the  pungent  sub^-carbonate 
is  exposed  in  powder  to  the  air,  it  beownes 
scentless  by  the  evaporation  of  a  definite  por- 
tion of  its  ammonia.  It  is  then  a  compound 
of  about  55  or  56  carbonic  acid,  21.5  ammo- 
nia,  and  22.5  water.  It  may  be  rqnesentcd 
by  2  primes  of  add,  1  of  ammonia,  and  2  of 
water,  =:  9.875.  Another  compound,  it  has 
been  supposed,  may  be  prepared  by  passing 
carbonic  add  through  a  solution  of  the  sub- 
carbonate  till  it  be  saturated.  This,  however, 
may  be  supposed  to  yield  the  same  product  as 
the  last  salt.  M.  O.  Lussac  infers  the  neutral 
carbonate  to  consist  of  equal  volumea  of  tlie 
two  gases,  though  they  will  not  directly  com- 
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l&l  to  46.5 ;  the  very  ptopoEtiflM  in  the  MBBt- 
lev  salt.    For4a6:l&l(sM:21^. 

The  fint  is  well  kaovn  as  a  stimiiliiit  QfoaUy 
pat  lato  wBclUng^bottk^  ftequeotly  with  the 
adffition  of  aaaie  odoafacous  oSL 

The  earhommte  &fgktcme  hai  been  eiamined 
by  VawqiWIiii,  md  ia,  among  the  lalta  of  that 
eoxth,  that  of  vfiich  he  baa  moat  accuoitdy 
aacertaiaed  ifae  prapcrtiea.  It  is  in  a  white, 
doB,  dattf  poanier,  never  dry,  but  gnaay, 
and  aoft  to  the  fccL  It  is  not  tweet  like  tta 
other  asks  of  (^iiGine,bnt  insipid.  ItisTenr 
lig^ht,  maoinMe  in  water,  perfectly  unalterahw 
by  the  aiz,  bat  very  indily  deoompoaed  by 
fin. 

^  Van<tnHin  has  found,  that  carbonate  of 
nroooe  may  be  fbnned  by  evaporating  mn. 
riate  of  lireone,  lediaaolTii^  it  m  water,  and 
peedpitatinK  by  the  alkalme  carbonate.  He 
also  adds,  that  it  rery  readily  combfeca  lo  aa 
to  limn  a  tr^  mlUy  with  eltber  of  the  three 
alkaZaie  carbonates.     See  Rai.t. 

AQD  (CASEIC).  The  name  given  by 
nDBst  to  an  acid  found  in  cheeses,  to  which 
be  asoibea  liieir  flavour. 

ACID  (CETIC).  The  name  given  by 
M.  Cbevieid  to  a  snppoied  peculiar  prindple 
ef  spmnaffti,  wliicli  he  baa  lately  found  to 
be  the  sobstance  he  has  called  Margarine 
oombmBtt  witii  a  Mtty  matter* 

ACID  (CEVADIC).  By  the  action  of 
pslsih  on  the  fiat  matter  of  the  cevadiila  *,  there 
it  obtsBwd,  ia  tiie  same  way  as  the  delphinic^ 
the  oeiadic  acid ;  only  as  this  is  solid,  it  must 
he  srfMrated  from  die  cevadate  of  barytes,  by 
facadng  liiia  in  a  retort  with  phosphoric  acid. 
MJC.  Pdletier  and  Caventoo  discovered  it 
It  it  in  the  ferm  of  needles,  or  crystalline  con- 
CKiiQna,  of  a  fine-white  colour.  Its  odour  is 
aoah^gotts  to  that  of  butyric  acid.  20o  C.  of 
hestaresBflkknttomeltlt.  At  a  temperature 
not  aukh  Ug^,  it  sublimes  in  crystalline 
^  It  is  Bobble  in  water,  alcohol,  ether  i 
I  to  ihe  bases,  fomiing  salts  of  Httle 
The  esMdate  of  ammonia  gives  a  white 
VndpUai9  with  die  sslts  of  peroxide  of  iron. 
^«a.  de  Ckim,  et  de  Phiyt,  xiv. 

ACID  (COLOBIC) ;  after  Acid  (Mu- 
miATicX 
ACID    (CHLORIODIC).     See   Acn> 

(UTDniODIC). 

AC2Q>  (CHLOROCARBONIC).  See 
CBi^ninrB,  aad  CHLosocA&BOMotri 
Aon. 

ACID(CHIiOROCYANIC).  See  Acid 
CPmuiwc). 

*  Cevadiila,  pedte  atfgi  (hordeolum),  a 
pleat,  aeooadtng  to  Haller,  belonging  to  the 
dsat  sf  ddphinlom  and  aconit&  It  comes 
flom  fSTHMpl     There  is  another  called  Ceva. 


.  ACID  (CHOLSSTERIC).  When  wtt. 
tieat  with  nitric  add  the  fat  matter  of  the 
human  biliary  calculi,  which  M.  Chevzeul, 
proposed  to  call  Cholestcrine,  then  is  formed, 
accordiag  to  MM.  Pelletier  and  Caventou,  m 
peculiar  add,  which  they  call  the  Choleateric*. 
To  obtain  it,  they  cause  the  cholesterine  to  be. 
heated  with  its  weight  of  concentrated  nitiie 
add,  by  whidi  it  is  speedily  attacked  and  dis* 
solved. .  Thcare  ii  disengaged  at  the  aame  tune 
mochoaudeofaaote;  and  the  liquor,  en  cool* 
ing,  and  capecially  on  the  addition  of  water, 
lets  £dl  a  ydlow  matter,  which  is  the  cho. 
leatcric  add  impure,  or  immgpated  with 
■itrie  add.  It  may  be  punned  by  repeated 
waafaings  in  boiling  water.  However,  after 
having  washed  it,  it  is  better  to  efl^  its  fiiskn 
in  the  midst  of  hot  water « to  add  to  it  a  small 
quantity  of  carbonate  of  lead ;  to  let  the  whola 
boU  for  some  hoars>  decsnting  and  renewing 
the  water  from  tone  to  time;  then  to  put  th« 
remaming  dried  mass  hi  contact  with  alcohol, 
and  to  evapoiate  the  aknbolie  solution.  The 
reaidnum  now  obtained  is  the  purest  possiUo 
clioiestetie  add. 

This  add  has  an  octnge-ydk>w  coknr  whco 
it  is  in  maa;  but  it  appears  in  white  needles, 
(whose  form  it  is  difficult  to  detennineX  when 
we  diflolTe  it  in  akohol,  and  leave  it  to  spon« 
taneous  cvapoiatkm.  Its  taste  is  Tery  feeble, 
and  sHghtiy  styptic;  its  taste  resembles  tha 
of  butter;  and  iu  specific  gravity  is  inter^* 
mediate  between  that  of  alcohol  and  water. 
It  fuses  at  68«  C.  and  is  not  decomposed  till 
the  temperature  be  raised  much  above  that  of 
boiling  water.  It  then  aiEbrds  oil,  water,  car- 
bonic  adid,  and  carbnretted  hydrogen,  but  no 
tiace  of  ammonia.  It  is  very  soluble  in  aloo* 
hoi,  sulphuric  and  acetic  ether,  in  the  volatile 
oils  of  lavender,  rosemary,  turpentine,  beiga. 
mot,  &c  It  is,  on  the  other  hand,  insoluble 
in  the  fixed  oils  of  olives,  sweet  afanonds,  and 
castor  oil.  It  is  equally  so  in  the  vegetable 
acids,  aad  ahnost  entirely  ibsoluble  in  water, 
which  takes  up  merely  enough  to  make  it 
ledden  litmus.  Both  in  the  cold,  and  with 
heat,  nitric  add  dissolves  without  altering  it. 
Concentrated  sulphuric  add  acting  on  it  fi>r  a 
eonsidexable  time,  only  carbonizes  it 

It  appears  that  the  diolesteric  add  is  capable 
of  uniting  with  the  greater  part  of  the  salifiable 
bsaes.  AH  the  resultmg  nits  are  coloured, 
some  ydlow,  othen  orange,  and  others  red. 
The  chdesterates  of  potsdi,  soda,  ammonia, 
and  probably  of  morphia,  are  very  soluble  and 
ddiquescent;  almost  all  the  others  are  inso- 
luble, or  nearly  so.  There  is  none  of  them 
which  csnnot  be  decomposed  by  sU  the  mineral 
acids,  except  the  carbonic,  and  by  the  greater 
part  of  the  vegetable  adds ;  so  that  on  pouring 
one  of  these  adds  into  a  solution  of  the  dK>- 
Isstemte,  the  cboleaterk  add  is  instantly  se-^ 
parated  in  flocks.  The  soluble  diolesteiates 
form  predpitates  in  all  the  mctaUic  sohitiQOs, 
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iHiow  biM  liM  the  property  of  Ibraiiiig  aft  In^ 
Mhibk  or  digfatly  soluble  salt  with  cholataie 


MM.  Pdkder  nd  GAYcntoa  found  the  cho. 
leBterate  of  borytet  to  ooniiet  of  100  of  add, 
nd  A6w85i>  bMe ;  whenee  the  prime  eqnivaleDt 
of  the  former  appears  to  be  about  17.36.  Yet 
they  obtenred,  on  the  other  hand,  that  on 
tnatinff  the  choletterate  of  lead  with  aulpboxic 


6{  hence  we  may  nnagme,  that  when  the 
choleaterie  add  unites  to  the  oxide  of  lead, 
and  hi  general  to  all  the  oxidca  which  have  a 
alight  affinity  for  ozysen,  there  takes  place 
aomething  dmikr  to  what  happeoa  in  the  sa- 
action  of  oxide  of  lead  and  oxalic  add.  Jottm, 
ie  Pharm.  iiL  898. 

ACID  (CHROMIC).  TUa  add  waa  at 
lint  extracted  from  the  xed  lead  ore  of  Siberia, 
by  treating  this  ore  with  carbonate  of  potash, 
and  araarating  the  alkali  by  meana  of  a  more 
poweinil  add.  In  this  state  it  is  impure, 
nxming  a  red  or  orange-coloured  powdcz,  of  a 
peculisr  roQ{^  metalUe  taste.  If  this  powder 
be  exposed  to  the  action  of  light  and  beat,  it 
loses  its  addity,  and  is  converted  hito  green 
oxide  of  chrome,  giving  out  pure  oxygen  gas. 

To  obtain  pure  duoroic  aad,  we  must  distil 
fluor  spar,  dnomate  of  lead  (the  yeUow  pig. 
ment),  and  sulphuric  add  (anhydrous  ?)  m  a 
leaden  retort,  when  a  gaseoua  mixture  of 
chromic  and  fluoric  adds  is  evolved,  diat  is 
readily  absorbable  by  water.  Thia  mixed  gas 
affords  a  thick  oianse  smoka,  and  on  coming 
in  contact  with  air  depodta  small  red  crystals 
of  chromic  add.  Ammoniacal  gas  introduced 
into  this  gas,  contahiod  in  glasa  jars  lined  with 
resin,  bums  with  explosion.  Crystals  of  chro* 
mic  add  are  also  deoompoaed  in  ammoniacal 
gaa  with  a  flash  of  liffht,  and  become  protoxide 
of  diromium.  Water,  by  absorbing  this 
mixed  mM^  acquires  an  orange  tint;  firom 
whidi,  by  evapomtionY  pure  <£romic  add  is 
obtained,  the  fluoric  bdng  vohtiUzed.  If  the 
gas  be  reonved  in  a  deep  and  moistened  pla- 
dnum  vessel,  it  descends,  saturates  the  water, 
and  ia  then  entirdy  abaorbed  by  the  fluosic 
acid,  which  is  at  loigth  diidpated,  the  vessd 
becoming  filled  with  a  red  snow,  oonsisthiff  of 
diramie  add.  This  crystalline  matter,  i&en 
heated  to  redness  in  a  platinum  dish,  fuses, 
explodes  with  a  flash,  and  readvea  itself  into 
protoxide  and  oxygen.  The  crystals  obtained 
fiom  the  water  &  not  pieaent  this  phcno- 


The  chromic  add  is  soluble  in  water,  and 
cryatallizes,  by  oooHng  and  evapomtioii,  in 
loogiah  misma  of  a  ruby  red.  Its  taste  is 
acrid  and  styptic  Its  apedfic  gravity  is  not 
exactly  known;  but  it  always  exceeds  dbat 
of  water.  It  powerfully  reddcna  the  tmcture 
of  tumaole. 


.  Ita  action  on  odmbnatibleiabttaaoeiii  little 
known.  If  it  be  stiongLy  heated  with  duroost, 
it  grows  Madt,  and  passes  to  the  metaUie  state 
wiraout  melting. 

Of  the  adds,  the  action  of  the  muriatic  on 
it  is  the  most  remarkable.  If  this  be  distilled 
with  the  duomic  add,  by  a  gentle  heat,  it  ii 
readily  converted  into  chlorine.  It  likewise 
imparta  to  it  by  mixture  the  property  of  dis- 
solving gold ;  iu  which  the  cfaramic  resembles 
the  nitnc  add.  This  is  owing  to  the  weak 
adhesion  of  its  oxygen,  and  it  ia  the  only  one 
of  the  metallic  adda  that  possesses  this  pro- 

The  extraction  of  diromic  add  from  Chrome 
ore  is  perfbrmed  by  ignidng  it  with  its  own 
wdght  of  nitre  in  a  crudble.  The  lendue  is 
lixiviated  with  water,  which  being  dien  filtered, 
contains  the  diromata  of  potash.  On  pouring 
into  thia  a  little  nitric  add  and  muriate  of 
baiytes,  an  instantaneous  predpitate  of  tbe 
diromate  of  barytas  takes  plaocb  After  having 
procured  a  certain  quantity  of  this  salt,  it 
must  be  put  in  its  moist  state  into  a  capsule, 
and  dissolved  in  the  smaUest  possible  quantity 
of  weak  nitric  add.  The  barytes  is  to  be 
then  predpitated  by  very  dilute  sulphuric 
add,  taking  care  not  to  add  an  excess  of  it 
When  the  liquid  is  found  by  trial  to  contain 
ndther  sulphuric  add  nor  barytes,  it  must  be 
filtered.  It  now  consists  of  water,  with  niujc 
and  chromic  adds.  The  whole  is  to  be  eva- 
porated to  dryneaa,  conducting  the  beat  at  tbe 
end  so  as  not  to  endanger  tlw  decompositioD 
of  the  chromic  add,  which  will  remain  in  the 
capaule  under  the  form  of  a  reddish  matter.  It 
muat  be  kept  in  a  glass  phial  wdl  corked. 

Chromic  add*  heated  with  a  powerful  add, 
becomes  diromic  oxide;  whfle  the  huter, 
heated  with  the  hydrate  of  an  alkali,  becomes 
chromic  add.  As  the  solution  of  the  oxide 
is  green,  and  that  of  the  add  yellow,  these 
tzanamutationa  become  veiy  remarkable  to  tbe 
eye.  From  Bendius*s  experiments  on  the 
eombinationa  of  the  chromic  add  with  baiytes, 
and  oxide  of  lead,  its  prime  emivalent  seems 
to  be  6.6 ;  coosiBting  of  3.5  duomium,  and 
3U)  oxygen.    See  Chko xi  u  M. 

It  readilv  unitea  with  alkalis,  and  ia  the 
only  acid  that  baa  the  property  of  cblonriog 
its  salts,  whence  the  name  of  chromic  has  been 
given  it. 

Chromate  of  potash  ia  obtamed  Aom  the 
ferriferous  chrome  ore,  by  igniting  it  with 
nitre,  as  described  above.  By  careful  eva- 
poration it  may  be  obtained  in  cryatala,  the 
usual  form  of  which  is  four-sided  prisms  ter- 
minated by  dihedral  summits,  or  oblique  four- 
aided  prisms,  terminated  by  four-sided  pyra- 
mids. Tbdr  colour  is  bri^t  ydlow.  Their 
taste  is  coolmg  and  disagreeable.  Water  at 
60»  dissolves  about  half  its  weie^t  of  this  salt, 
and  boiling  water  much  morOi  It  is  insoluble 
in  alcohoL.    Ita  spedfic  gravity  is  2w6.    Heat 
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erases  die  nit  CO  Mnune  a  tnoAM  red  fSot, 
irhkli  panes  into  yeOow  on  cooling:  It  ooo- 
tains  DO  wster  of  cryMallindon.  Its  eonsti- 
tncnts  '■re  dinmle  add  6*5,  potam  6  =  I8.S. 

BldDomate  of  potaah  is  easily  fbuned,  bj 
adding  to  a  satonied  aolntion  of  the  ydJow 
dmamste  aome  dOate  nitric  acid.  Onheatins 
Use  mixtof^  die  orange  predp&tate,  whicn 
eosaes  en  Ae  addition  of  the  nitric  acid,  is 
disniTcd,  and  by  alov  cooling,  fine  crystals  of 
buAioraate  mmy  be  obtained.  Their  ibrm  is 
diat  of  smure  tables  aridi  bercikd  edges,  or 
flat  fiiar-sided  prisms.  They  are  perauoient 
in  die  air.  Their  taste  is  metallic  and  bitter. 
ITater  at  W*  dissolves  about  one^tenth  of  this 
ssit ;  bat  boiliog  water  dissolves  nearly  half 
its  wfaffxL  It  is  not  solnble  in  alcohol.  Its 
^  gr.  k  14I&  It  is  anhydrous.  It  consists 
of  <£inimic  add  13,  potash  6  ==  19. 

Hie  duomate  of  bazytes  is  very  little  so- 


,  the  weight  of  which 
is  «i  be  noted,  sod  the  powder  must  be 
fiom  the  bottom,  or  the  vessel 
(m  lime  to  time.  The  neutral 
eooBpoand  iaiis  to  the  bottom,  while 
^  iBwalago  remains  snspeoded  in  the  wa- 
tery ftrid,  which  mnst  be  decanted  off;  the 
wmshiag  precipitate  meut  then  be  washed 
with  vsBB  wster  until  it  eomes  off  clear.  To 
liie  powiK  thus  cdukonted,  a  quandty  of 


ittlphtiiAa  add,  equal  the  duSk  in  wd^  «nd 
dilated  with  ten  parts  of  water,  most  be  addedi 
and  the  mixture  boOed  a  few  minutes.  Tho 
snlphurie  add  combines  with  the  earth,  and 
ferms  sulphate  of  Bme,  which  remains  when 
the  cold  liquor  is  filtered,  wlule  the  disengaged 
add  of  lemons  remahis  dissolved  in  the  fluid. 
This  last  must  be  evaporated  to  the  oonsis^> 
cnce  of  a  thin  syrup,  wliich  yields  the  pure 
dtric  add  m  little  needlc4ike  crystals.  It  is 
necessary  diat  the  sulphuric  add  should  be 
father  in  excess,  because  the  presoice  of  s 
■maO  onantity  of  Ume  will  prevent  the  crya- 


If  the  cfanmie  add  be  mixed  with  fllmgs 
tif  tis  and  llie  mnriatic  add,  it  becomes  at 
fizsr  yeflowiah  brown,  and  afterwards  sssnmes 
a  bfauab-green  orioor,  whidipreserves  the  same 
dtade  after  desiocatioo.  Ether  alone  g^ves 
it  the  ssme  dark  edonr.  ^^tfa  a  sofaition 
of  nitrate  of  mercuiy,  it  gives  a  precipitate 
of  a  dark  dnziabar  ooIout.  With  a  solution 
of  nitxate  of  silver  it  gives  a  precipitate,  whidi, 
tike  moment  it  is  formed,  appean  of  a  beau. 
wbI  csrmSne  colour,  but  becomes  purple  by 
exposure  to  die  light. 

With  nitrate  of  copper  it  gives  a  diesnnt- 
red  pipcipitslff.  With  die  solution  of  sul- 
pitale  of  dnc,  mntiate  of  bismuth,  muriate  of 
sBitimony,  mtrate  of  ni(kd,  and  muriate  of 
pbtina,  it  produces  ydlowish  predpitates, 
wiien  die  aolntions  do  not  contain  an  excess 
of  add.  With  muriate  of  gold  it  produces  a 
greemso  puscipiun& 

When  mdted  widi  borax,  or  glass,  or  add 
of 'phosphorus,  it  communicates  to  it  a  beau- 
tifiu  emesa3di^nc&  colour. 

If  paper  be  impregnated  with  it,  and  ex- 
posed to  the  an  alnr^ys,  it  acquires  a  green 
colour,  whldi  xanains  pomsnent  in  die  dark. 

A  slip  ef  Iroo,  or  tin,  put  into  its  solution, 
imparts  to  it  die  same  colour. 

The  aqueooB  solution  of  tannin  prodoees 
sfloceolenC  pndpitate  of  a  brown  fawn  colour. 
Sse8ax.T. 

ACID  (CITRIC).  To  procure  this 
add,  beiiiiig  kmoo-jirioe  is  to  be  saturated 


To  have  it  perftcdy  pure,  it  must  be  re- 
peatedly crystaHized,  and  dius  it  forms  very 
Isige  and  aoematdy  defined  crystals  in  ilioin^ 
faoMal  prifloos,  the  aides  of  adiidi  are  indmad 
in  angles  of  60*  and  120»,  terminated  at  eadi 
«nd  by  telnedral  summits,  wiilefa  intercept  the 
solid  anglea. 

Its  taste  is  extremely  sharp,  so  as  to  appear 
It  is  among  die  v^jetable  adds  the 


one  which  most  powerfully  naiBts  deeonu 
position  by  fire. 

In  a  dry  and  warm  air  it  teems  to  efflo- 
TCSoe;  but  it  absorbs  moisture  when  t)ie  air 
Is  damp,  and  at  length  loses  its  crystallioe 
Ibrm.  A  hundred  parts  of  this  add  are  so- 
luble in  seventy-five  of  water  at  60*,  aooording 
to  Vauqudhi.  Thouph  it  is  less  alterable 
than  most  other  solutions  of  vegetable  adda, 
It  will  undergo  deeompoddon  when  long  kept. 

The  crystals  of  dtric  add,  accoidinffto  Ber* 
adius,oontahi79per  eMt.ofrealadd.  The 
Test  is  water.  The  same  chemist  found,  irom 
dtFste  of  lead  that  theptime  equivalent  of  the 
crystab  was  9.5,  while  that  A  die  resl  add 
was  7*368 ;  and  Its  consdtuents  were  oxygen 
54.831,  carbon  41.369,  hydrogen  3.800.  My 
own  experiments  on  dtric  sdd  led  me  to  con- 
dude  that  its  prime  equivalent  in  the  crystal- 
line state  was  8.375 ;  and  that  it  consisted  of 
oxygen  59.7)  oarbon  35.8,  and  hydrogen  4.5* 
Two  atoms  of  oxygen  and  two  of  hydrogen 
separate  when  doic  add  is  combined  with 
oxide  of  lead  in  what  is  called  tiie  dry  dtrete 
of  this  metsL  The  prime  equivalent  of  the 
acid  hi  this  state  becomes  6.125.  Vauqudni 
firand  that  36  parts  of  crystslUied  dtric  add 
took  for  saturation  6 1  of  bioarbooate  of  potssh. 
Hence,  the  prime  equivalent  of  sudi  add  is 
7.45 ;  between  which,  and  the  number  given 
by  Berxdius,  mine  is  nearly  the  mean.  Vau- 
quelin*s  result  dilfbn  widdy  iWim  the  atomic 
we^t  adopted  by  the  Swedish  chemist. 

If  a  solntion  of  barytes  be  added  gradually 
to  a  solution  of  dtric  add,  a  fiooculent  pred- 
pitate  is  ibrmed,  scduble  by  agitation,  till  the 
whole  of  die  add  is  saturated.  This  salt  at 
first  feDs  down  in  powder,  and  then  collects  in 
niky  tufb^  and  a  kind  of  very  beaudiul  and 
shhiing  silvery  bushes.  It  requires  a  huge 
quandty  of  water  to  dissolve  it. 
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Thft  dinM  of  UiM  to  bee 
■beady,  in  tmtiDg  of  the  mode  of  purifying 
the  acid. 

The  citrate  of  potash  is  vcBj  aolnble  and  dfr 
fiquesoent- 

ThedOate  of  aoda  has  a  duU  saline  taste; 
disselvcs  in  less  than  twice  its  weight  of 
water;  crystallises  in  six-sided  prisms  with 
flat  sommits ;  effloresces  slightly,  but  does  not 
fidi  to  powder ;  boils  up,  swdi8»  and  is  ie» 
duoed  to  a  eoal  on  the  fire. 

Citrate  of  ammonia  is  very  soluble;  does 
not  cryBtallize  unless  its  solution  be  greatly 
oonoentEsted;  and  focros  elongated  prisms. 

Citrate  of  magnesia  does  not  crystallize. 

The  affinities  of  the  dtric  add  aie  arcaoged 
by  VauqueUn  in  the  following  order :  bary teS) 
iune,  potash,  soda,  stronlian,  magnesia,  am* 
monia,  alumina. 

The  dtric  add  is  found  in  many  fruits 
united  with  the  malic  add ;  which  see,  £ar 
the  process  of  separating  them  in  this  case. 

Citric  add  bdng  nxne  costly  than  tartirie, 
may  be  oocsaionally  adulterated  with  it.  This 
fraud  is  discovered,  by  adding  slowly  to  the 
add  dissolved  in  water  a  s^ution  of  car. 
bonate  of  potash,  which  will  give  a  white 
pulverulent  prseqntate  of  tartar,  if  the  dtric 
be  contaminated  with  the  tartaric  add.  When 
one  part  of  citric  add  is  dissolved  in  19  of 
water,  the  sdaljon  may  be  used  as  a  substl. 
tute  for  IcmoA-juioe.  If  before  solution  the 
crystals  be  triturated  with  a  little  sugar  and  a 
few  drops  of  the  oil  of  kmons,  the  resem. 
Uance  to  the  native  juice  wUl  be  complete. 
It  is  an  antidote  a|pun8t  sea  scurvy ;  but  the 
admixture  of  mucdage  and  other  vegetable 
matter  in  Ihi  recent  fruit  of  the  lemon,  has 
been  supposed  to  render  it  prefeiaUe  to  the 
pure  add  of  the  chemist.    See  Salt. 

ACID  (COLUMBIC).  The  experiments 
of  Mr.  Hatchett  have  proved,  that  a  peculiar 
mineral  from  Massadmsetts.  depodtea  in  the 
British  Museum,  consisted  of  one  part  of 
oxide  of  iron,  and  somewhat  more  thiui  three 
parts  of  a  whtte-eolouzed  substance,  possessing 
thepropertiesof  an  add.  Its  basis  was  me- 
tallic. Henee  he  named  this  Columbium, 
and  the  add  theColumbic.  Br.  WoUaston,  by 
very  exact  analytical  comparisons,  proved, 
that  the  add  of  Mr.  Hatchett  was  the  oxide 
of  the  metal  lately  discovered  in  Sweden  by 
Mr.  EkdMTg,  in  the  muieral  yttrotantalite, 
and  thence  called  tantalum.  Dr.  WoUaston*s 
method  of  separating  the  add  from  the  mi- 
neral is  peculiarly  ekgant.  One  part  of  tan- 
talite,  five  parts  of  carbonate  of  potash,  and 
two  parts  of  borax,  are  fused  together  in  a 
platina  crudblek  The  mass,  after  being  sofU 
ened  in  water,  is  acted  on  by  muriatic  add^ 
The  iron  and  manganese  disstdve,  while  the 
coiumMc  add  remains  at  the  bottom.  It 
is  in  the  form  of  a  white  powder,  which  is  in. 
soluble  in  nitric  and  sulpouric  adds,  but  par- 


iUSkrft^muMk.  Itfonosirithteytesan 
inaelttUe  salt,  of  which  the  peopottioos,  ac 
ooidmg  to  Benelius,  are  24.4  add,  and  9.75 
barytes.  By  oxididng  a  portion  of  the  revived 
tantalum  or  columbium,  BeneHos  oondudes 
the  compodtion  of  the  add  to  be- 100  metal 
and  5.485  oxygen. 

ACID  (CROCONIC).  When  potas- 
dum  is  prepared  finm  caldned  tartar  by 
Brunner*s  method,  a  gp«  is  evolved  which 
deposits  a  g^eyish-brown  substance  on  cold 
bodies.  This  substance,  with  a  little  water, 
is  separated  into  two  parts;  one  very  sdublO) 
yieldiiig  a  brownish-yellow  liquid,  which  spon- 
taneously concentrated,  furnishes  an  adeohar 
orange-coloured  salL  This  salt,  puiiifed  by 
rq>eated  crystallization,  haa  been  called  by  M. 
Gmdin  croconate  of  potash,  because  it  coo- 
tains  a  yellow  add,  which  yields  many  com* 
binarions  of  the  same  colour. 

Croconate  of  potoih  is  neutrsl,  inodorous, 
havmg  a  weak  taste  like  that  of  nitre.  Its 
prunitive  form  is  a  rhombdd  of  106*  and  74*. 
Crooonic  add  is  obtained  by  treating  this  salt 
with  absolute  alcohol,  to  whidi  a  little  sul- 
phuric add  has  been  added;  sulphate  of 
potash  is  formed  and  the  c&ocokic  acii>  is 
dissolved.  It  crystallizes  in  grains  or  needles ; 
is  tansparent,4n  a  fine  yellow  colour,  inodor- 
ous, of  a  rough  add  taste,  and  reddens  litmus. 
M.  Gmelin  thinks  that  tfaii  add  is  a  hydracid 
likedkeprussLc  Hydrocrocooicaddoonsisuof 
carbon  23.23,  hydrogen  0.77)  oxygen  24.81, 
water  13.98,  which  in  the  salt  of  potash  are 
united  with  37.21  of  that  alkalL 

ACID  (CYANIC).  See  Acid  (Pbus- 
sic). 

ACID  (DELPHINIC).  The  name  given 
by  M.  Chevreul  to  a  substance  which  he  has 
extracted  from  the  oil  of  the  dolphin.  It  re* 
sembles  a  voUtile  oil;  has  a  light  lemon 
colour,  and  a  strong  aromatic  odour,  analo- 
gous to  that  of  randd  butter.  Ito  taste  is 
pungent,  and  its  vapour  has  a  sweetened  taste 
of  ether.  Itsdenuty  at  U^C.  is  0.941.  It 
is  s%htlv  soluble  in  water,  an^  very  soluble 
in  alcohol.  The  latter  solution  strooglv  red- 
dens litmus.  100  parts  of  delphinic  add  neu- 
tralize a  quantity  of  base  which  contains  9  of 
oxygen,  vdienoe  its  prime  equivalent  appears  to 
be  11.11 — Annaks  de  Clum.  tt  de  Phyt.  vii. 

ACID  (ELLAOIC).  The  deposit  which 
forms  in  infruion  of  nut-galls  left  to  itwlf  is 
not  composed  soldy  of  gsUic  add  and  a  matter 
which  colours  it.  It  contains  beddes  a  little 
gallate  and  sulphate  of  lime,  and  a  new  4cid, 
which  was  pointed  out  for  the  first  time  by 
M.  Chevreul  in  1815,  an  add  on  wbiffl 
M.  Braoonnot  made  observations  in  1818, 
and  which  he  proposed  to  call  add  eUa^ 
from  the  word  gaUe  reversed.  Pobably  tJiif 
add  does  not  exist  ready  formed  in  nut-gall& 
It  is  insoluble ;  and  carrying  down  with  it  the 
greater  part  of  the  gallic  add,  forms  the  yelf 
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icmofa  the  gallic  add  from  tbe 

whence  the  rociiis  of  sepaiadiig  tbem 

cne  aDodHL — Aim.  de  CMm.  a  de  Phyt.  iz. 
181. 

ACID  (PIAJO£IC>  Thepowdopofcrfi- 
ta^aed.  flnar  wgn  is  to  be  pat  into  a  ailTer  or 
kadcQ  aknbfe,  and  its  ovn  weight  ti  raU 
yhuric  wad.  fMned  over  it  Adapt  to  tlie 
aknibica ali«t  or  leadn  tabe  tenmaatuig  in 
a  leoBWaf  the  aame  metal,  smsonnded  by 
ke.  On  applying  a  modcnte  heat  to  the 
ahpiiBC)  the  flnoricadd  will  liae  in  vapoon, 
vfaieh  vill  eondenae  In  the  leoeiTer  into  an  in. 
maeij  active  liquid,  first  procuied  by  M.  Oay 
Laaaac  ;  aiid  ainee  examined  by  Sir  II.  Davy. 

It  bM  the  appcaianceof  sulplimic  add,  but 
ii  mndi  mme  volatile,  and  aends  off  aliitc 
femes  vfaen  tA|waid  to  air.  Its  spedik  gra- 
vity is  a^  LOOM.  It  most  be  examined 
wi&  ^cat  oanciaa,  for  when  applied  to  tlw 
abbi  it  inaaaiitly  diaorganiaea  it,  and  produoes 
TeiT  pamlU  vniimda.  When  potaaafami  is  in- 
tBodaeed  mio  it,  it  acta  with  intense  eneny, 
aadpradBces  hydrogen  gaa  and  a  neutral  aut; 
when  lime  is  made  to  act  upon  it,  there  is  a 
violem  beat  ezdted,  wafes  is  formed,  and  the 
same  aabslanoe  as  fluor  qpar  is  produced. 
Widi  water  in  »  certain  propntioD,  its  denaity 
iaocaaes  to  1.25.  When  it  is  dropped  into 
waier,  a  faiaai&g  noise  is  produced  with  much 
hat,  aad  an  acid  fluid  not  diaagreeabk  to  the 
tMe  is  ftnncd  if  the  water  be  in  sufficient 
U  instantly  corsodes  and  dissolves 


In  eider  to  insme  theabaofaite  parity  of  the 
add,  tbe  first  portiona  that  come  over  may  be 
ait  apart  aa  poadUy  containing  aome  aUicated 
:  add,  if  any  silica  was  pnaent  in  tlie 

flkrence  of  ojdnion  prevails 
the  pdaae  eqoivalant  of  this  add, 
m  its  dry  eembmationab  Sir  H. 
Danrv  alatca,  ^Mt  100  finor  spar  yield  17&2 
anlphate  ofttnc ;  whence  we  deduce  the  prime 
cqvivalart  of-#iane  add  to  be  1.36,  to  lime 
3^  aados;;!^  LOOL  BcnKlius,  in  his  last 
afries  afexpecBncnta,  gives  from  fluate  ad  lime 
1 JSS7,  fat  die  equivalent  of  fluoric  add. 

or  all  the  flaates  whidi  he  analysed,  that  of 
laaae  was  the  enly  <me  which  he  auoeeisded  in 
freeing  pofectly  from  the  last  portions  of  d« 
UcM  «M  heneshe  icgarda  the  above  result  as 
qatto  tisfitrfwiy.  In  three  experiments,  in 
wlieh  ha  BfltoiaiedcBribonate  of  Ume  with  pure 
iocdc  add,  evaporated  to  dryness  and  ignifesd, 
lie  iihtohMd  from  100  parts  of  such  fluate,  on 
iliiwinMiHg  it  by solpboric  add,  174.9, 176, 
aiai7M2or%;mted  sulphate  of  lime.  An- 
mak»de  CMm.  et  de  Phyi.  1824.  This  so. 
«oidHaee  between  Sh  H.  Davy*8  result  with 
the  nadie  fluate,  and  tliat  of  Bcradins  with 
the  salifldd,  seems  decisive. 

Bencfiasahservca  thatihiate  of  time  can  be 
I  oniy  by  Mtiir^ting  the  nccntly  pre. 


dpitated  moist  carbonate  widi  pure  fluoric 
add.  The  fluate  is  thus  obtained  aa  granular 
as  the  carbonate,  and  may  be  washed;  whereas, 
if  prepared  by  double  deoompodtion,  we  obtain 
a  jelly  which  does  not  duuige  even  by  evapo- 
ration, and  which  cannot  be  washed. 

Dr.  Thomson,  in  his  elaborate  work  on 
the  first  prindples  of  Chemistry,  asrigns  1.26 
as  the  prime  equivalent  of  fluoric  ai^.  He 
deduced  this  number  from  the  quantity  of 
diloride  of  ealrium,  and  of  chloride  of  barium, 
to  which  a  certain  weight  of  fluate  of  soda  was 
Ibond  to  be  equivslent  in  the  way  of  double 
decompodtion.  But  his  fluate  of  soda  was 
prepared  in  a  very  questioBable  manner;  by 
admng  carbonate  of  soda  in  small  quantities 
to  a  solution  of  cari>onato  fi^  ammonia,  previ- 
ooaly  aatorated  with  ailicated  fluoric  gas; 
evaporating  the  whole  to  dryness ;  redissolv- 
ing  and  evaporating  till  the  fluate  of  soda 
crystallised  in  transparent  crusts.  Aa  a  fluo- 
aiticate  of  ammonia  exists,  poesibly  some  of 
this  may  have  been  fbnncd,  of  whidi  some 
silica  might  remdn  associated  with  his  soda. 
Nor  does  his  fluate  of  soda  correspond  in  cha* 
racter  to  the  description  of  this  sslt  duvctly 
formed  bv  Benelius,  by  saturating  carbonate 
of  soda  with  pure  ihioric  add.  By  spontaneous 
evaporation,  fluate  of  soda  is  obtuned  in  trans- 
parent cubes,  or  regular  octshedions ;  by  heat, 
m  groups  of  small  cubical  grdns.  It  contabis 
nowaterof  crvstallization,  and  is  more  difficult 
of  fuuon  by  fieat  than  glaaa.  At  the  tempera- 
ture of  00»  F.  100  parte  of  water  dismlve  only 
48  parts  of  it;  and  at  the  lioiling  pdnt  only 
4.a  Dr.  Thomson  aays,  that  he  disacdved 
6.26  grains  of  his  sslt  (white  crusts,  tntA  by 
ignidon  from  dieir  water  oferyttattization)  in 
a  Httle  water.  From  the  mode  of  preparing 
his  primary  aalt,  from  its  appearance,  and 
from  the  defect  in  the  process  of  double  de^ 
oompodrikin  Ibr  forming  pore  fluate  of  lime. 
Dr.  Thomson's  atomic  number  seems  entitled 
to  little  confidence. 

Fluoric  add  may  dther  be  regarded  as  a 
compound  of  oxygen  widi  an  unknown  base 
to  be  called  fluor;  or  of  hydrogen  with  an 
electro-negative  dement  to  be  called  fluorine. 
If  fluor  spsr  oondst  of  lime  associated  with  an 
oxygen  acid,  then  ttds  will  contain  one  mime 
proportion  of  oxygen  =1,  combined  wim  one 
prime  of  fluor  =  0.867-  Were  this  latter 
number  0.376,  to  whidi  it  approaches.  It 
would  equal  the  weight  of  three  atoms  of  hy- 
drogen. But  if  fluor  spar  be  truly  a  fluoride 
of  caldum,  then,  from  its  prime  equivalent 
4.867)  vo  deduct  the  prime  equivalent  of  cal- 
dum 2.6,  and  the  remamder  2.367  will  be 
the  prime  of  fluorine,  a  number  nearly  19 
times  that  of  hydrogen. 

From  die  remarkable  property  possessed  by 
fluoric  add,  of  dissolving  saUca,  it  has  been 
employed  for  etching  on  glass,  both  in  the 
gaaeons  state  and  combined  with  water.  The 
^lass  is  previoosly  coated  with  white  bees*  wax  4 
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on  whidi  the  4gant  ut  tnoed  villi  m  ihaip 
point. 

With  tfaeWewoffepMsting  its  hYdrogoi, 
Sir  H.  Davy  applied  the  power  of  uw  great 
Tidtaic  batteriei  of  the  Royal  ImtituttOD  to  the 
liquid  fluoric  add.  *'  In  this  case,  gas  ap- 
pealed to  be  produced  from  both  the  negatiye 
and  positive  sorfaoes;  but  it  wss  probably 
only  the  ondeoompoonded  add  rendered  inse- 
OU8,  which  wss  evolved  at  the  poeitive  suiuoe ; 
for  during  the  operation  the  fluid  became  very 
hot,  and  speedUy  diminished.*' —«Mn  the 
ooorse  of  these  investioatioDS  I  made  several 
attempts  to  detach  hycbrogen  from  the  liquid 
fluoric  acid,  by  the  agency  of  oxygen  and 
chlorine.  It  was  not  decomposed  when  passed 
^roug^  a  platina  tube  heated  xed-hot  with 
dilorine,  nor  by  being  distilled  ftom  salts  con- 
tainiog  abundance  of  oxygen,  or  ihout  contain- 
ing  abundance  of  chlorine.*' 

The  marvellous  activity  of  fluoric  add  maj 
be  infierred  from  the  following  remarks  of  Sir 
H.  Davy>  ficom  which  also  may  be  estimated 
in  some  measure  the  prodigious  diflkulty  au 
tending  refined  investigations  on  this  extncr* 
dinaiy  substance. 

'^  I  undertook  the  experiment  of  electrizing 
pure  liquid  fluoric  ada  with  considaable  fai- 
terest,  as  it  seemed  to  offer  the  most  probable 
method  of  ascertaining  its  real  nature ;  but 
considerable  diflkulties  occurred  in  executing 
the  process.  The  liquid  fluoric  add  imme- 
diately destroys  glass,  and  all  animal  and 
Yegetable  substances;  it  acts  on  all  bodies 
containing  metallic  oxides;  and  I  know  of 
no  substances  whidi  arc  not  rapi^y  dissolved 
or  decomposed  by  it,  except  metala,  chareoal, 
phoiphorus,  Fulphur,  and  certain  combinations 
of  ralorine.  I  attempted  to  make  tubes  of 
sulphur,  of  muriates  of  lead,  and  of  copper 
containing  metallic  wires,  by  which  it  might 
be  dectiised,  but  without  success.  I  succeeded, 
however*  in  boring  a  piece  of  horn  silver  in 
sudi  a  manner  tlut  I  was  able  to  cement  a 
platina  wire  into  it  by  means  of  a  spirit  lamp ; 
and  by  Averting  tills  in  a  tray  of  .platina,  fllled 
with  Ijquid  fluoric  add,  I  contrived  to  submit 
the  fluid  to  the  agency  of  dectridty  hi  such  a 
manner,  that,  in  suooodve  experiments,  it  was 
pMsible  to  collect  any  dastic  fluid  that  might 
be  produced.  Operating  in  this  way  with  a 
Tory  weak  voltaic  power,  and  keeping  the  ap- 
paratus cool  by  a  freedng  mixture,  I  ascer- 
tained that  the  pbtina  wire  at  the  positive  pole 
rapidly  corroded,  and  became  covered  with  a 
cfaocf^te  powder;  gaseous  matter  seporated 
at  the  negative  p<de,  which  I  could  never  ob- 
tain in  Buffidoit  Quantities  to  analyse  with 
accuracy,  but  it  inflamed  like  hydrogen.  No 
oUier  inflammable  matter  was  prodi^ed  when 
the  add  was  pure.**  We  bc^  to  refer  the 
reader  to  the  Philosophical  Transactions  for 
1813  and  1814;  or  the  42d  and  43d  vols,  of 
TiUoch*s  Magasne,  where  he  will  see  phOoao- 
phical  sagadty  and  experimental  skiU  in  their 
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The  sslts  formed  by  fluoric  add  and  several 
bases  have  been  lately  exanuned  by  M.  Bcr- 
Mlius  with  his  accustomed  precision. 

SuperJbuOe  rfpoiaOu  This  add  fluate  is 
obtained  by  mixing  with  the  add  a  quantity 
of  potash,  insuffidoit  to  saturate  it.  On  con- 
centiating  the  solution,  a  litUe  of  the  re- 
dundant add  flies  off,  but  the  greater  part 
remains  and  oystalliiea  with  the  idkali.  This 
salt  wfaen  heated  fuses  and  leaves  74.9  fcr 
ctiU,  of  neutral  fluate,  while  fumes  of  fluoric 
acid  are  volatilized.  Beraelioa  regards  the 
above  add  salt,  as  composed  of  an  atom  of 
fluate  of  potash,  and  an  atom  of  hydzated 
fluoric  add. 

FhaU  qfpotoA  is  prepared  by  satiuating 
impeiftctly  fluoric  add  with  carbonate  of  pot- 
ash, evi^rating  and  heatinff  so  as  to  expd 
the  excess  of  acki.  It  has  a  £aip  saline  taste, 
is  very  alkaline,  and  deliquesces  in  the  air.  It 
oystalliaes  very  diflicultly  in  water,  and  then 
forms  cubes  or  rectangular  prisms,  with  stair- 
like scales,  similar  to  common  salt 

Acid  Jbiate  of  todtu  This  salt  is  little 
soluble  in  cold  water.  By  a  sbw  spontaneous 
evaporation  it  affords  rhomboidal  crystah, 
having  a  sharo  taste,  and  distinctly  acid. 
Heat  separates  the  fluoric  sdd  in  a  concentrated 
state,  without  changing  the  -form  of  the  crys- 
tak,  and  68.1  per  cent,  of  neutral  fluate 
remain.  Bcndius  conadcrs  this  salt  to  be  a 
oompound  of  an  atom  of  fluate  of  soda,  and  an 
atom  of  hydratsd  fluoric  add. 

Neutral JhuUe  of  todtu  This  salt  may  be 
obtained  directly  nom  fluoric  add  and  car- 
bonate of  soda,  or  by  decomposing  100  parts  of 
the  donUe  fluate  of  soda  and  silica,  by  112 
parts  of  dried  carbonate  of  soda.  When  the 
sslt  is  pure,  and  lefi  to  spontaneous  evapora- 
tion, it  a£^»rds  transparent  cubes  of  regular 
octohedrons,  which  of^  present  a  pearly 
lustre.  Oclohedrons  are  always  obtained  wha 
the  solution  contains  some  oMbonate  of  soda, 
but  on  the  oontrsry,  groupo  of  small  cubic 
grains  when  the  evaporstioo  is  produced  by 
elevation  of  temperature.  The  fluates  of  potash 
and  soda  are  isomorphons  with  the  muriates 
of  the  same  bases.  Fluate  of  soda  mdts  widi 
more  difficulty  than  gbus.  100  part*  of  water 
at  eO«  F.  dissolve  4.8 of  it;  and  attbaboOiog 
point  only  4.3* 

AddjlMate  qfanmoniaj  fbrmt  smaB  gra- 
nular crystals,  which  deliquesce. 

Neutral  Jfuate  of  ammoHM^  is  more  volatile 
than  sal  ammoniac  It  is  easily  obtaiaod  by 
heating  one  part  of  dry  sal  ammoniac  with  a 
little  more  dian  two  parts  of  fluate  of  soda  In 
a  crucible  of  pUtinum  with  its  lid  turned  up- 
wards. Into  this  lid  a  little  odd  water  ii  pot, 
while  the  bottomof  the  crudbte  is  heated  with 
a  spirit  of  wme  lamp.  The  fluate  of  ammonia 
thus  subUmcs  perfectly  pan  in  a  mass  of  small 
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It  ton  balbce  ioliliiiiliig, 
iad  ads  mx'^am  erm  inittiry  state,  and  at 
■Mmaxy  teDpaatuvea* 

The  cartDT  ftnalM  an  bert  ptepared  by 
d^geatnig  tbor  Teccndy  pnc^tatad  moist  car* 
bdoalcsiii  an  excosof  flnoncadd.  Thatof 
bsiytea  la  fSS^jbidj  solnlile  in  water,  and  rea- 
dily in  moiiatic  acid. 

ACID  (ELI/O-SILICIC).  If  instead  of 
being  distifled  m  metallic  Tcssels,  the  mizture 
offliiaripBr  and  ofl  ofTitriol  be  distilled  in 
gissi  ifiaifls,  little  of  the  coEroaive  liquid  will 
be  obtained;  Imt  the  fgian  will  be  acted  upon, 
and  a  prmliar  gweoos  substance  will  bepro- 
doced,  wfaidi  must  be  ooUected  over  mercur. 
The  biest  mode  of  proenrinff  this  gaseous  body 
is  tamix  the  floor  spar  wim  poonded  glass  or 
qaartz ;  and  in  this  case,  the  glass  retort  may 
be  presBied  som  oouoaion,  and  the  gas  ob- 
tained in  gnater  ipiantities.  This  gas,  which 
is  called  stGcated  fluoric  gas,  is  possessed  of 
yFoy  titi  aoHuiiaiyy  pnypetues* 

It  is  very  heavy  ;  100  coble  inches  of  it 
we^  110.77  gE>  and  hence  its  sp.  gr.  is  to 
thatofair,  as  3.632  is  to  1.000.  It  is  about 
48  times  dcnaer  than  hydrogen.  When 
hBMi^  mSD  coBitact  with  water,  it  instaatlv 
dcposbs  a  white  gdatinoos  snbstanoe,  which 
nfaydme  of  silka;  It  produces  white  fumes 
vha  sofiBed  to  pass  into  the  atmosphere.  It 
s  not  tftcted  by  any  of  the  common  com- 
bastibk  bodies;  bat  when  notassium  is 
ms^y  heated  in  it,  it  takes  ue  and  bums 
wi&  a  den  led  11^  ;  the  gaa  is  absoibed,  and 
a  ftwn-cotBored  snbatanoe  is  formed,  which 
yidda  alkali  to  water  with  slight  efovesoenoe, 
sad  CDnCaiBe  a  comboatible  body.  The  wash. 
a^  sflM  potaah,  and  a  salt,  from  which  the 
stio^  add  fbadd  prerioosly  described,  may  be 
Sf^amtad  by  nolplinrie  add. 
The  gu  Ibtmed  by  the  action  of  licraid 
^  •  acid  on  a  iB'ff*«iTf  nfn\^^^\'*tt  suica 
,  the  dtteated  flnodc  gss  or  floo. 
I  nd^  may  be  logarded  aa  a  compound 
of  ftnoEK  add  and  aiHca.  It  afiecda,  when 
doDoeiqMaed  by  adadfln  of  ammonia,  61«4per 
CBDt«  nf  afliea  ;  aid  bcnce  was  at  first  sup- 
posed by  flfr  fl.  Dtny  to  ooodit  of  two  prime 
psofottiaaa  of  add  =  S4I52,  and  one  of  sOIca 
=  LQ9Bi  tlie  son  of  wfaidi  numbeta  might 
ispiiaffir  its  oquiralent  =  &718>  One  vdume 
of  itoandnMatvovolnmes  of  ammonia,  and 
iSbefitktm  togstbir  a  pecnUar  saline  sabatvioB 
vbidi  is  decomposed  by  water.  The  com- 
pott*  of  tidaaalt  is  easily  reeondled  to  die 
BomooRS  fljlven  in  itpresenting  silica  and 
ftaaricaci^ian  tliosinodtion  that  it  eontaias 
sna  pome  of  aaniMM  to  one  of  die  ihiodlide 
8aa%  fiir  SOD  cn|ne  inches  of  ammonia  wcig^ 
a&S  p.  and  160  nf  die  add  gas  110.77.  N<nr 
aCLS  :  S.IS5  :  :  110.77  :  662AU. 

Br.  Jckn  Dm^  obtained,  by  exposing  that 
gpoftidnacikm  of  wai^^l^  of  its  weight 
of  aOkti  ari  finm  die  actian  of  water  of 
■II  iiili  kt  lepnttd  .^M  <^  ^  ^^l^^ 


Hence  100  cubic  inches  consist  by  weight  of 
68  silica  and  43  of  unknown  fluoric  matter, 
the  ins  which  holds  the  silica  in  solution.  Sir 
H.  Davy,  Itowever,  Uttteily,  coocdves  that  this 
gas  is  a  compound  of  the  bases  of  silica,  or 
silicon,  with  fluorine,  the  supposed  basis  of 
fluoric  add. . 

Bcnelius,  in  his  late  elaborate  researches  oa 
the  fluoric  combinations  (AmuUet  de  Chinu 
€t  de  Phys.  27.  p.  289)  says  that  the  silicated 
fluoric  add  should  be  regarded  as  nothinff  dee 
than  fluate  of  silica,  for  it  is  only  with  the 
neutral  fluates  that  it  can  unite  without  suf. 
ftring  dcoompodtion ;  and  that  when  a  portioii 
of  suica  has  been  separated  from  it,  it  can  bo 
replaced  only  by  an  alkali,  an  oxide,  or  wate& 
When  he  put  silicated  fluoric  gas  in  contact 
with  carbonate  of  potaah  or  soda,  reduced  to  a 
▼eiy  fine  powder,  there  was  no  more  of  it  ab« 
sorbed  than  what  might  be  ascribed  to  mds- 
ture  contained  in  the  carbonate,  and  the  sdt, 
after  exposure  to  the  gas  for  several  days,  had 
absorbed  but  an  extremdy  small  portion  of  it. 
The  same  result  is  observed  witn  pure  lime 
and  the  bicarbonate  of  potash.  But  the  gas 
is  very  easily  absorbed  when  exposed,  even 
without  moisture,  to  a  finely  pulverized  fluate^ 
dther«with  an  alkaline,  earthy,  or  metallic  base. 
At  the  end  of  a  few  hours,  the  fluate  is  com- 
pletdy  saturated  with  tlie  gas;  showing  that 
the  portion  of  fluoric  add  uid  silica  absoibod, 
has  no  need  of  any  new  base  for  its  saturation. 
This  simple  fiu:t  shows  that  the  pretended  floo. 
silicates,  instead  of  bdng  combinations  of  a 
fluate  with  a  silicate,  are  rather  combinatiana 
of  fluate  of  silica  with  fluates  of  the  other 
bases.  AL  Berxdios  Infers  fiom  his  experiments 
that  fluate  of  aOica  is  foimed  of  100  parts 
fluoric  add  and  144.5  silica.  Water  separates 
one  third  of  this  silica. 

ACID  (FLUO-BORIC).  If,  instead  of 
g^  or  silica,  tbb  fluorspar  be  mixed  with  diy 
vitreous  borade  add,  and  distilled  in  a  giasa 
vcssd  with  sulphuric  add,  the  propwtions  be- 
ing one  part  borade  add,  two  floor  spar,  and 
twelve  oil  of  ^vitriol,  the  gaseous  substanea 
flxmed  Is  of  a  different  kind,  and  is  cafled  the 
fluoboric  gas.  100  cuUc  inchea  of  it  weif^ 
73.6  gr.  acoor£ng  to  Sir  H.  Davy,  which 
makes  its  dendty  be  to  thatof  air  as  241  is  to 
1.00;  but  Dr.  John  Davy  states  its  density  to 
thatofafaraa2371  to  1.000.  It  ia  colourless; 
its  smeU  is  pungent,  and  resembles  that  of  nuu 
riatic  add;  it  cannot  be  bresthed  without  an£m 
fbeatkm ;  it  extinguishes  combustion  ;  and  red— 
dms  stnogly  the  tinctoxe  of  turnsole.  It  baa 
no  mannar  Olfaction  on  ^asa,  but  a  very  pow- 
crAd  one  oq  vegetable  Kid  animal  roattor:  it 
attacks  them  with  as  much  force  as  ooocen- 
tiated  sulphniic  add,  and  anpears  to  opemto 
on  these  bodies  by  the  production  of  water; 
fiir  while  it  cazboniaes  them,  or  evolves  csifaoo, 
they  may  be  touched  without  any  risk  of  burn, 
ing.  Sxposedtoahigfatempeatore,  itisnot 
deoompoMd;  it  is  condensed  by  cdd  widMmt 
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(Slanging  itn  fonn«  When  it  is  put  in  contact 
with  oxygen,  or  air,  either  at  a  high  or  low 
ttmperature,  it  experiences  no  change,  except 
seising,  at  ordinary  temperatures,  the  moisture 
which  these  gaaes  contain.  It  becomes  in  cod- 
sequeooe  a  liquid  which  emits  extremdy  dense 
▼apours.  It  operates  in  the  same  ffvy  with  ail 
the  gases  which  contain  hygrametric  water. 
However  little  they  may  contain,  it  occasions 
in  them  yery  perceptible  vapours.  It  may 
hence  be  employed  with  advantage  to  show 
whether  or  not  a  gas  contains  moisture. 

No  combustible  body,  simple  or  compound, 
attacks  fluoboric  gas,  if  we  except  the  alkaline 
metals.  Potassium  and  sodium,  with  the  aid 
of  heat,  burn  in  this  gas,  almost  as  brilliantly 
as  in  oxygen.  Boron  and  fluate  of  potash  are 
the  products  of  this  decomposition.  It  might 
hence  be  inferred,  that  the  metal  seises  the 
oxygen  of  the  boradc  add,  sets  the  boron  at 
liberty,  and  is  itself  oxidised  and  combined 
with  the  fluoric  add.  According  to  Sir  H. 
JDhsvy's  views,  the  fluoboric  gas  bdng  a  com- 
pound of  fluorine  and  boron,  the  potassium 
unites  to  the  former,  giving  rise  to  the  fluoride 
of  potassium,  while  the  boron  remains  diien. 
giiged. 

Fluoboric  gas  is  very  soluble  in  water.  Dr. 
John  Davy  says,  water  can  combine  with  700 
times  its  own  volume,  or  twice  its  wdght  at 
the  ordinary  temperature  and  pressure  of  the 
air.  The  liquid  has  a  specific  gravity  of  1 .770. 
If  a  bottle  containing  this  gas  be  uncorked  un- 
der  water,  the  liquid  will  rush  in  and  fill  it  with 
explosive  violence.  Water  saturated  with  this 
gas  is  limpid,  fuming,  and  very  caustic  By 
neat  abo^t  one-fifth  of  the  absorbed  gas  may  be 
expelled ;  but  it  is  impossible  to  abstract  more. 
It  then  resembles  concentrated  sulphuric  acid, 
and  boils  at  a  temperature  considerably  above 
212*.  It  afterwards  condenses  altogether,  in 
jtrttf,  although  it  contains  still  a  very  large 
quantity  of  gas.  It  unites  with  the  basn, 
rorming  salts,  called  fluoborates,  none  of  which 
has  been  applied  to  any  use.  The  most  im- 
portant will  be  stated  under  the  article  Salt. 

The  2d  part  of  the  PhiL  Transactions  for 
1812,  contains  an  excellent  paper  by  Dr.  John 
Davy  on  fiuosilidc  and  fluoboric  gases,  and 
the  combinations  of  the  latter  with  ammoniacal 
gas.  When  united  in  equal  volumes,  a  pul- 
verulent salt  is  formed ;  a  second  volume  of 
ammonia,  however,  gives  a  liquid  compound ; 
and  a  third  of  ammonia*  whicn  is  the  limit  of 
combination,  affords  still  a  liquid;  both  of 
them  curious  on  many  accounts.  ^' They  are," 
says  he,  ^'  the  first  salts  that  have  been  ob- 
served liquid  at  the  common  temperature  of 
the  atmosphere.  And  they  are  additional 
facts  in  Hupport  of  the  doctrine  of  definite  pro- 
portions^ and  of  the  relation  of  vcdumes.** 

ACID  (FLUO.TANTALIC).  This  add 
is  prepared  in  a  similar  way  to  the  following  ; 
and  forms,  with  the  bases,  salta  called  ^^o- 
tautaiates. 


ACID  (FLUO.TITANIC).  When  fluo- 
ric acid  is  poured  on  dtaoic  add,  the  latter 
becoines  warm,  even  after  having  been  previ- 
ously ignited,  and  dissolves  oompletelv  with 
the  aid  of  heat  £vaporated  at  a  gentle  heat 
to  the  consistence  of  syrup,  the  solution  aflbrds 
crystals,  which  do  not  re-dissolve  completely 
in  water,  but  which  are  decomposed  into  two 
peculiar  combinations,  of  which  one  is  addu. 
lous  and  soluble,  and  the  other  with  excess  of 
base  is  insoluble.  The  soltttion  of  the  former, 
namdy  of  the  ftuo-titanic  add,  in  water,  is 
analogoua  to  the  liquid  fluosUidc  add;  it 
contains  fluo-titanic  add,  and  fluoric  add 
combined  with  water.  The  water  may  be  re- 
placed  by  other  bases,  and  in  this  way  may  be 
formed  a  series  of  salto  whidi  M.  Boielius 
calif  ^tto-H/oiui/es.  The  JUto-tUanaie  of  pot^ 
<uh  cr3ratal]ize8  in  brilliant  scales  like  bonde 
add,  which  re.^Ussalve  in  water  without  de- 
oompodtion.  It  ooodsts  in  100  parte  of  poU 
ash  38.7.  titanic  add  35,  and  fluoric  add  263. 

ACIDS  (FERROPRUSSIC  and  FER- 
RURETTSD  CHYAZIC).  See  Acid 
(Psussxc). 

ACID  (FORMIC).  To  piocaTC  pure 
formic  add,  Odiilen  saturates  the  ezpcosed 
liquor  of  ants  with  subcarboDate*of  potash, 
poun  into  the  compound  suJphated  pevoojde  of 
iron,  filters*  evaporates  to  ibe  consistence  of 
syrup,  and  distils  in  a  glass  retort*  with  a  suf- 
fident  quantity  of  snlphoiic  add.  The  pro- 
duct which  passes  into  the  recdver  is  very  soar, 
and  without  any  perceptible  odour  of  sulphur- 
ous add.  He  then  puts  it  in  contact  with  car- 
bonate  of  copper,  evaporates  the  solution,  and 
procures  fine  blue  crystals,  whidk  he  oonnden 
as  formiate  of  copper.  From  diis  he  extracts 
the  pure  and  the  most  concentrated  add  pos- 
sibly by  decomponnff  the  salt  with  two-tl^ids 
of  iu  wdf  ht  of  sulphuric  add,  aided  by  heat, 
distilling  it  into  a  leceftver^  and  recdfyins  by  a 
second  distiUalion.  From  13  ounces  of  ftiimi- 
ate  thus  treated,  he  obtained  more  than  six 
ounces  and  a  half  of  pure  formic  add. 

This  add  has  a  very  warn  taste,  and  con* 
tinues  liauid  even  at  very  lorw  temperatures. 
Ite  specific  gravity  is  1.1188  at  68S  which  is 
much  denser  than  acetic  add  ever  is.  Bene- 
lius  finds,  that  the  formiate  of  lead  oondste  of 
4.898  add,  and  14  oxide  of  leaA|  and  that  the 
ulthnate  constituente  of  the  dry  add  are  hydro- 
gen 2.84  -h  carbon  92.40 -^  mcymm  Uf9  zz 
100. 

M.  Doberemer  has  recently  sooeeedsi  (See 
Gilbert's  Annales,  xi.  107.)  m  fonning  this 
add  artificially.  When  a  mixture  of  tartaric 
add,  or  of  cream  of  tartar,  black  oxide  of  man- 
ganese, and  water,  is  heated,  a  tumultuous 
action  ensues,  carbonic  add  is  evolved,  «nd  a 
liquid  add  distils  over*  which,  on  superfidal 
examination,  was  mistaken  for  aestic  acid,  but 
whidi  now  proves  to  be  formic  add.  This 
acid,  mixed  with  concentrated  sulphuric  add, 
is  at  common  tempentunt.  onnrerted  into 
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vster  Hid  Gubonic  oxide;  nitnte  of  gilTer  or 
of  xoaearf  eoDTcrta  it,  when  gently  heated, 
into  cnbonic  add,  the  ozidea  being  at  the 
nme  time  redoccd  to  the  metallic  state.  With 
barytes*  oiide  of  lead,  and  oxide  of  copper,  it 
prodocca  compoondB^  haTing  all  the  propcfties 
of  the  genttiae  ibimiates  of  these  metali.  If 
a  poftioD  of  soiphuric  add  be  employed  in  the 
above  pocHs  the  tartaric  add  is  resdved  en- 
tindy  Bft>  carbonic  acid,  water,  and  formic 
acid;  aid  the  peoduct  of  the  latter  is  mudi 
moasad.  The  best  proportions  are,  two 
psits  tsitaiic  add,  five  peroxide  of  manganese, 
and  S:9e  aulphoric  acid  dilated  with  about 
twice  its  weight  of  water. 

K.  IXjiberdnCT  finds  that  when  formic  add 
k  decoBapoaed  by  sulphuiic  add,  it  is  resolved 
iato  n.S  waifij  and  75.7  csrboniG  oxide  in 
100  parts;  ok  of  one  Tolmne  of  vapour  of 
water,  sod  two  vobimea  carbonic  oxide  gas ; 
or  two  atoms  carbon,  three  oxygen,  and  one 

ACID  (FUIiMINIC).  Put  6.5  parts  of 
oitzic  add,  ^  gravity  1.36  or  1.38,  into  a  pint 
matnas,  and  a  piece  of  coin,  containing  nearly 
35  parts  of  pue  sQver*  Poor  the  resulting 
sofaitiaa  into  about  iKi7  parts  of  strong  alkoho^ 
snd  heat  to  elmllltioD.  On  the  appeaianoe  of 
tubidnesa,  icmove  from  uie  nre,  and  add  by 
an  equal  quantity  of  alkohol  to  tlie 
I,  in  order  to  moderate  the  ebullition, 
sod  10  cool  it.  Filter  it  when  cold,  and  wssh 
away  the  whole  free  add.  The  fulminate  of 
silver  la  now  pure  and  wliite  as  snow.  Drv  it 
in  a  slam  beat  frr  2  or  3  hours,  alter  which  it 
win  be  found  to  equal  in  wdght  the  sflver  em- 
ployed. A  a^^t  blow  between  hard  bodies 
ex^odes  it.  ItmaT  be  analysed  by  rubbing 
it  with  the  finger  with  40  times  its  wei^t  of 
pemsae  of  copper,  and  igniting  the  mixture 
in  a  dbas  tube.  160  parts  of  it,  analyied 
in  ^ua  way,  sllMed  TIMS  of  oxide  of 
aUvcB.  The  add,  associated  with  this  oxide, 
ia  the  cyanic.  Hence  the  ultimate  constituents 
aie  ia  100  igvis:  silver,  72.187;  oxygen, 
ft.341;  cpBKMBB,  17«16;  oxygen  (combined 
with  tibe  ailvcrX  5,312.  It  consists,  therefore, 
af  1  atom  oxide  of  silver,  1475 ;  2  atoms  cy- 
,  C.5;  2  oxygen,  2  =  23.25. 

e  alkamie  fulminates,  dikrides 
be  uaed.  Thus  to  obtain  the  double 
i  ef  dhfc  and  potash,  decompose  the 
;  of  ailver  by  ddoiide  of  potasdum ; 
Uang  csarefal  to  add  no  more  of  the  diloride 
than  is  soffident  topredpitate  rather  less  than 
half  die  stlrer.  The  sdhition  will  contun  the 
doobk  lUminata.  Lkbt^  i  Gay  Luttae, 
Ammrnkf  de  Ckim.  et  Php9»  xxv.  285. 

hCSD  (FUNOIC).  The  expressed  juice 
•f  dtt  tobfaurh^iMdif ,  tefefat  paeudtOgnla- 
rim^^fhdliu  impttdiauy  meruRui  eamtha^ 
reOn,  «r  the  pezim  idgra^  being  boiled  to 
ooagobfee  die  albumen,  thai  filtered,  evapo- 
rated to  d»  comiatence  of  an  extract,  and 
acted  on  fey  pufc  aleohol,  leaves  a  substance 
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which  has  been  called  by  Braconnot  Fungie 
Acid,  He  dissolved  that  reddue  in  water, 
added  solution  of  acetate  of  lead,  whence  re- 
sulted fiingate  of  lead^  which  he  decomposed 
at  a  gentle  heat  by  dilute  sulphuric  add. 
The  evolved  fungie  add  being  saturated  with 
atnmonia,  yidd^  a  crystallized  fungate  of 
ammonia,  which  he  punfied  by  repealed  so- 
lution and  crystallization.  From  this  salt  by 
acetate  of  lead,  and  thcresAer  sulphuric  acid  ss 
above  detailed,  he  procured  the  pore  fungie  add. 
It  is  a  colourless,  uncrystallizable,  and  deli- 
quescent  mass,  of  a  venr  sour  taste.  The  fun- 
sates  of  potadi  and  soda  are  uncrystallizable ; 
Uiat  of  ammonia  focms  r^ular  six-sided 
prisms ;  that  of  lime  is  moderatdy  soluble* 
and  is  not  affected  by  the  ahr;  that  of  barytes 
is  soluble  in  15  times  its  weight  of  water,  and 
crystallises  with  difficulty ;  that  of  magnesia 
appears  in  soluble  granular  crystals.  This 
add  predpitates  from  the  acetate  of  lead  a 
white  flocculent  fungate,  which  is  soluble  in 
distilled  vinegar.  When  insulated,  it  does 
not  afi^  solution  of  nitrate  of  silver;  but 
the  fungates  decompose  this  salt 

ACID  (GALLIC).  This  add  U  found 
in  different  vegetable  substances  possessing 
astringent  properties,  but  most  abundantly 
in  the  excrescenses  termed  galls  or  nut-galls, 
whence  it  derives  its  name.  It  may  be  ob- 
tained bv  macerating  galls  in  water,  filtering, 
and  suffering  the  liquor  to  stand  exposed  to 
the  dr.  It  will  grow  mouldy,  be  covered 
with  a  thick  gluthious  pellide,  abundance  of 
glutinous  floda  wiQ  fidl  down,  and,  in  the 
course  of  two  or  three  months,  the  rides  of  the 
vessd  will  appear  covered  with  small  yellow- 
ish  crystals,  abundance  of  which  will  likewise 
be  found  on  the  under  surface  of  the  super- 
natant pdlide.  These  crystals  may  be  puri- 
fied by  solution  in  alcohol,  and  evaporation  to 
dryness. 

M.  Deyeox  recommends  to  put  the  powder- 
ed galls  into  a  glass  retort,  and  apply  heat 
slowly  and  cauriously;  when  the  acid,  will 
rise  and  be  condensed  in  the  neck  of  the  retort. 
This  process  requires  great  care,  as,  if  the 
heat  be  carried  so  far  as  to  disengage  the  oil, 
the  crystals  wHl  be  dissolved  immediately. 
The  crystals  thus  obtdned  are  pretty  large, 
laminated,  and  brillianL 

M.  Barud,  of  the  School  of  Medidne  at 
Paris,  finds  that  he  can  obtain  pure  gallic  add 
by  pouring  solution  of  white  of  egg  into  the 
infiidon  of  nuugalls,  till  this  ceases  to  be 
disturbed;  then  to  evaporate  the  darified 
liquid  to  dryness,  to  heat  the  residuum  with 
alcohol,  to  filter  the  new  liquid,  and  concen- 
trate it  to  the  proper  degree  for  the  formation 
of  jnllicadd. 

The  gallic  add  placed  on  a  red-hot  iron 
bums  with  flame,  and  emits  an  aromatic 
smell,  not  unlike  that  of  benzoic  acid.  It  is 
sduble  in  20  parts  of  odd  water,  and  in  3 
paita  at  a  boiling  heat.    It  k  more  soluble  hi 
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alcohol,  vhich  takes  up  an  equal  weight  if 
heated,  and  oncfourth  of  its  weight  cold. 

It  has  an  acido-astringent  taste,  and  reddens 
tincture  of  litmus.  It  does  not  attract  hu- 
midity from  the  air. 

From  the  gallate  of  lead,  Berzelius  infecs 
the  equivalent  of  this  acid  to  be  8.00.  Its 
ultimate  constituents  are,  hydrogen  6.00  + 
carbon  56.64  +  oxygen  3a36  =  100. 

This  acid,  in  its  combinations  with  the 
salifiable  iMwes,  presents  some  remarkable  phe- 
nomena. If  we  pour  its  aqueous  solution  by 
slow  degrees  into  lime,  barytes,  or  strontites 
water,  mere  wUl  first  be  formed  a  greenish- 
white  precipitate.  As  the  quantity  of  acid  is 
increased,  the  precipitate  changes  to  a  violet 
hue,  and  eventually  disappears.  The  liquid- 
has  then  acquired  a  reddish  tint.  Among 
the  salts,  those  only  of  black  oxide  and  red 
oxide  of  iron  are  decomposed  by  the  pure 
gallic  acid.  It  forms  a  blue  precipitate  with 
ue  first,  and  a  brown  with  the  second.  But 
when  this  add  is  united  with  tannin,  it  de- 
composes almost  all  the  salts  of  the  pennanent 
metals. 

Conosntrated  sulphuxic  acid  decomposes 
and  carbonizes  it;  and  the  nitric  add  ooDverta 
it  into  malic  and  oxalic  adds. 

United  with  barytes,  strontites,  lime,  and 
magnesia,  it  forms  salts  of  a  dull  yellow 
colour,  which  are  little  soluble,  but  more  so 
if  their  base  be  in  excess.  THth  alkalis  it 
forms  salts  that  are  not  very  soluble  in  gene- 
ral 

Its  most  distinguishing  characteristic  is  its 
great  affinity  for  metallic  oxides,  so  as,  when 
combined  with  tannin,  to  take  them  from 
powerful  acids.  The  more  readily  the  me. 
tallic  oxides  part  with  their  oxygen,  the  more 
they  are  alterable  by  the  gaUic  add.  To  a 
solution  of  gold,  it  imparts  a  green  hue ;  and 
a  brown  predpitate  is  formed,  which  readily 
passes  to  the  metallic  state,  and  covers  the 
solution  with  a  shining  golden  pellicle.  With 
nitric  solution  of  silver,  it  produces  a  similar 
efiect.  Mercury  it  predpitates  of  an  orange- 
yellow;  copper,  brown ;  bismuths  of  a  lenxtt 
colour;  lead,  white;  iron,  black.  Pktina, 
line,  tin,  cobalt,  and  manganese,  are  not  pre- 
dpitated  by  it 

On  dissolving  gallic  add  in  ammonia,  and 
pladng  the  solution  in  contact  with  oxygen, 
id.  Doberdner  found  that  it  absorbed  suffident 
to  convert  all  the  hydrogen  of  the  gallic  add 
into  water.  In  this  way  the  add  is  converted 
into  viminy  which  is  composed  of  2  atoms 
carbon  -j-  1  hydrogen  +  2  oxygen.  100 
parts  of  gallic  add  absorb  38  of  oxygen,  witliin 
24  hours.  The  solution  meaowhifc  becomes 
brown  coloured  and  opaque. 

The  oallic  add  is  of  extensive  use  in  the 
art  of  dyeing,  as  it  oonstitaies  one  of  the 
principal  ingredients  in  all  the  shades  of  blacky 
and  is  employed  to  fix  or  improve  several 
other  colours.    It  is  wdl  known  as  an  ingre- 


dient in  ink.   See  Qai^b^  Drxxvo,  Iirjc, 

and  Salt. 

ACID  (HTDRIODIC).  This  add 
resembles  the  muriatic  in  being  gaseous  In  its 
insulated  state.  Jf  four  parts  of  iodine  be 
mixed  with  one  of  pbospboms,  in  a  small 
class  retort,  appl3ring  a  gentle  heat,  and  add- 
iz^  a  few  dn^  of  water  from  time  to  timc^ 
a  gas  comes  over,  which  must  be  recdved  in 
tlie  mercurial  bath.  Its  specific  gravity  is 
4.4 ;  100  cubic  inches,  therefore,  weigh  1342 
grains.  It  is  dastic  and  invisible,  but  has  a 
smell  somewhat  similar  to  that  of  muriatic 
add.  Mercury  after  some  time  decomposes  it, 
seizing  its  iodine,  and  leaving  its  hydrogen, 
equal  to  one-half  of  the  original  bulk,  at 
liberty.  Chlorine,  on  the  other  hand,  unitef 
to  its  hydrogen,  and  predpitates  the  iodines 
From  these  experiments,  it  evidently  oonsisty 
of  vapour  of  iodine  and  hydrogen,  which  com- 
bine in  equal  volumes,  without  change  of  their 
primitive  bulk.  Its  compodtion  by  weight  is 
therefore  a61  of  iodine  +  0.0694  hydrogen, 
which  is  the  relation  of  their  gasifonn  daul» 
ties;  and  if  a61  be  divided  by  0.0694,  U  win 
give  the  prime  of  iodine  124  times  greater  than 
hydrogen;  and  as  the  prime  of  (sygen  is 
dght  times  more  than  that  of  hydrogen,  on 
dividing  124  by  8,  we  have  15.5  for  the  prime 
equivalent  of  iodine;  to  which,  if  we  add 
0.125,  the  sum  15.625  represents  the  eauiva. 
lent  of  hydriodic  add.  The  number  deduced 
for  iodine,  from  the  relation  of  iodine  to  hy- 
drogen in  volume,  approaches  very  nearly  to 
15.621^  which  was  obtained  in  the  other  ex^ 
periments  of  M.  Gay  Lussac.  Hydriodic  add 
is  partly  decomposed  at  a  red  beat,  and  the 
decomposition  is  complete  if  it  be  mixed  with 
oxygen.    Water  is  formed,  and  iodine  sepa^ 


lyx.  Gay  Lussac,  ip  bif  admirable  memoir 
on  iodine  and  its  combin«|kos,  pnblisfasd  in 
the  Ann.  de  Chimie»  voL  xd.  says,  ihat  the 
specific  gravity  he  ihere  gives  for  hydriodic 
gas,  vis.  4443,  must  be  a litt^  tqo  great,  for 
txaoes  of  mdstuie  irsie  aim  m  the  insjde  ^ 
the  botUe.  In  Act,  if  we  takt  15.621  as  tJ^ 
prime  of  Iodine  |o  oxygen,  whp«  specific 
gravity  is  1.1111 ;  and  mulriplv  one-ludf  of 
uiis  number  by  15.621,  as  be  ina^  we  shall 
have  a  wroduct  of  aOOIMI,  towbicb  adding 
0.0694  for  the  dennty  of  hydmroi  W^t^ 
the  sum  a7380,  one-h«]f  of  w^di  Mb- 
viously  the  density  of  the  tgr^Uodic  at  ^ 
4.3695.  When  the  prime  of  io^jbe  is lid» 
at  15.5,  then  the  density  of  the  gss  oomes  oot 

We  can  eaaEy  obtain  an  aqueous  hvdriodic 
add  very  economlcaDv,  by  passing  sulpiunlted 
hydrogen  gas  thnmgn  a  mixture  of  water  a«tf 
iodine  in  a  Woolfo's  botUeu  On  heating  tbc 
liquid  obtained,  the  excess  of  sulphur  flies  ^ 
and  leaves  liquid  hydriodic  mai^  At  tempe- 
ratures bdow  262«,  it  parts  with  its  water; 
andbooQmnofadmi^=:L7.  A^203«the 
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waAdkiShQnT.  Wbcn  cnoiedto  tfiesir,it 
k  ipeediljr  decfimpowd,  and  iodiDe  is  emolred. 
Oooeemated  lafa^mic  nd  nitric  adds  also 
teoompoae  H.  When  pomed  into  a  saline 
aQtatkNi  of  lead,  it  tbnnrs  down  a  fine  onnge 
predtnlate.  With  Mhitkn  of  peroxide  of  mer- 
cury, it  gWea  a  nd  praipitate ;  and  with  that 
of  olycr,  a  while  predpitale  inaohible  in  am. 
mtaa^  Hrdziodic  add  maj  alao  be  formed, 
by  piBiriny  hydrogen  org  iodine  at  an  derated 


I  oomponnda  of  bydriodic  add  with  the 
nliflahk  bases  may  be  eadly  formed,  dther  by 
^Brect  oombinatioD,  or  by  acting  on  the  basis 
in  water,  with  iodine.  The  latter  mode  is 
moat  eooDomicaL  Upon  a  determinate  quan- 
tity of  iodine,  pour  solution  of  potash  or  soda, 
till  6ie  Hquid  eeases  to  be  coloured.  Evapo- 
rate to  dryness,  and  digest  the  dry  salt  in 
sdcohol  of  the  specific  gravity  aSlO,  or  0.820. 
Aa  the  iodate  is  not  solnble  in  this  liquid, 
vhSe  the  hydiiodate  is  yeiy  sotuUe,  the  two 
aalts  eadly  separate  from  each  other.  Afta 
hanng  washed  the  iodate  two  or  three  thnea 
vitfa  alcohol,  ditaolTe  it  In  water,  and  neutral. 
lae  it  with  acetic  add.  Evaporate  to  dryness, 
and  digest  the  diy  salt  in  alcohol,  to  remove 
the  acetate.  After  two  or  three  washings,  the 
iodate  is  poie.  As  for  the  aloohd  containing 
the  hydnodat^  distil  it  off,  and  then  complete 
the  neatraBation  of  the  potash,  by  means  of 
a  little  hydriodic  add  separaxdy  obtained. 

SulpfaiiRMis  and  muriadc  adds.  As  well  as 
sal{Aiiretted  hydrogen,  produce  no  change  on 
the  hydziodates,  at  the  usual  temperature  of 
teair. 

Chlorine,  nitric  add,  and  concentrated  sul- 
phnric,  instantly  decompose  them,  and  separate 
dieiodme. 

With  solution  of  silver,  they  give  a  white 
pRdpiiate  iosQluble  in  ammonia;  with  the 
perpitrate  of  mercury,  s  greenish-yellow  pie« 
dpitate ;  with  cocrodve  subHmate,  a  predpi- 
tale of  a  fine  orange-red,  very  solnble  in  an 
excess  of  hydriodaie ;  and  with  nitrate  of  lead, 
a  precipitate  of  anoeange-yellow  colour.  They 
dissoire  iodine^  and  acquire  a  deep  reddisli- 
kown  colour. 

BydHodate  ofp&iath,  or,  in  the  dry  state, 
iodide  of  potasaium»  yields  crystals  li^e  sea- 
salt,  which  meh  and  sublime  at  a  red  beat. 
Tins  ash  is  not  dianged  by  bdng  heated  in 
contact  vith  air.  100  ports  of  water  at  64«, 
dissolve  143  of  it.  It  consists  of  15.5  iodine, 
ind  5  potasdum. 

BydrtodaU  cf  toda^  called  in  die  dry  state 
iodide  of  todiutHf  may  be  obtained  in  pretty 
huge  flat  rhomboidal  prisms.  These  prisms 
unie  together  with  larger  ones,  terminated  in 
cdidko,  and  striated  longways,  like  those  of 
inlphaie  of  soda.  This  is  a  true  hydriodate, 
for  it  coqisIbs  modi  water  of  crystallization. 
It  oonata.  when  dry,  of  15.6  iodine  +  3  so. 


Bffdtiodtae  of  haryta  crystallizes  in  fine 


prisms,  dmilar  to  muriate  of  strontites.  In 
its  dry  state  it  condsu  of  15.5  iodine  +  8.75 
barium. 

The  kydfiodaieo^  Ume  and  ttrontites  are 
very  soluble ;  and  the  first  exceedingly  deli, 
quescent 

Hydriodate  of  ommofAa  results  from  the 
combination  of  equal  volumes  of  ammoniacal 
and  hydriodic  gases;  though  it  is  usually 
prepared  by  saturating  the  liquid  add  with 
ammonia.  It  is  nearly  as  volatile  as  sal  am. 
moniac;  but  it  is  mote  soluble  and  more 
deliquescent.  It  cr3rstallizes  in  cubes.  ¥Vom 
this  compound  we  may  infer  the  prime  of 
hydriodic  add,  from  the  specific  gravity  of 
the  hydriodic  gas ;  or  having  the  prime,  we 
may  determine  the  sp.  gr.  If  we  call  15.025 
its  equivalent,  then  we  have  this  proportion : 
—As  a  prime  of  ammonia,  to  a  prime  of  hy. 
driodic  add,  so  is  the  density  of  MnmAnt«^^ 
to  that  of  hydriodic  gas. 

2.125: 15.625  ::0J^9:  4.3. 

This  would  make  100  cubic  hiches  wdgh 
eotactly  132  graina. 

Hydriodaie  of  magnesia  is  formed  by  uniting 
iU  constituents  together;  it  is  deliquescent, 
and  crystallizes  with  difiSculty. — It  is  decom. 
posed  by  a  strong  heat. 

Hydriodate  of  zinc  is  easfly  obtained,  by 
putttog  iodhie  into  water  widi  an  excess  of 
zinc,  snd  favouring  their  action  by  heat« 
When  dried  it  becomes  an  iodide. 

All  the  hydriodates  have  the  property  of 
dissolving  abundance  of  iodine ;  and  thence 
they  acquire  a  deep  reddiah-brown  colour. 
They  part  with  it  on  boiling,  or  when  exposed 
to  the  air  after  being  dried.    See  Salt. 

ACID  (HVDBOBKOMIC).  Put  bro- 
mine and  phosphorus  in  contact,  and  moisten 
them  with  a  few  drops  of  water.  A  gaseous 
matter  is  evolved,  which  may  be  collected  bver 
mercury,  and  which  is  hydmbromic  acid.  It 
is  odourless.  Taste  add.  It  dxffiises  in  the 
air  white  vapouts,  denser  than  those  of  niu. 
riatic  add  in  the  same  circumstances,  and 
whidi  exdte  coughing.  This  gas  is  not  de- 
composed by  traversing  an  ignited  tube,  cither 
alone,  or  mixed  with  oxygen.  It  is  instantly 
decomposed  by  chlorine,  which,  seizing  the 
hydrogen,  produces  immediately  abundant 
ruddy  vi^pours,  and  a  deposit  of  bromine  in 
small  drops.  Tin  and  potassium  also  decom- 
pose hydrobromic  add,  and  one  half  of  its 
volume  of  hydrogen  remains.  This  gaseous 
add  combines  readily  with  water.  The  solu- 
tion  is  colourless  when  rightly  prepared ;  but 
excess  of  bromine  gives  it  a  deep  ruddy  hue. 
Iron,  zinc,  and  tin  dissolve  in  the  liquid  acid, 
with  disengagement  of  hydrogen.  Bromine 
has  for  hyc&ogen  a  weaker  affinity  than  chlo. 
rioe  lias,  but  a  stronger  than  iodine. 

As  the  prime  equivalent  of  bromine  is  in- 
ferred from  the  bromide  of  potassium  to  be 
about  9.5,  that  of  hydrobromic  acid  should  be 
9.625,  or  77  times  the  weight  of  the  prime  of 
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hydrogen.   Bakardf  Annates  de  CMm,  et  Phyt. 
xxxii.  347. 

ACID  (IODIC).  When  barytes  water  is 
made  to  act  on  iodme,  a  loluble  hydriodaie, 
and  an  insoluble  iodate  of  barytes,  aie  formed. 
On  the  latter,  well  washed,  pour  sulphuric 
acid  equivalent  to  the  barytes  present,  diluted 
with  twice  its  weight  of  water,  and  heat  the 
mixture.  The  iodic  add  quickly  abandons  a 
portion  of  its  base,  and  combines  with  the 
water;  but  though  even  less  than  the  equi- 
valent  proportion  of  sulphuric  add  has  been 
used,  a  little  of  it  will  be  found  mixed  with 
the  liquid  add.  If  we  endeavour  to  separate 
this  portion,  by  adding  barytes  water,  the  two 
acids  predpitate  together. 

The  above  economical  process  is  that  of  M. 
Gay  Lussac ;  but  Sir  BT.  Davy,  who  is  the 
dlHCoverer  of  this  add  in  a  solid  state,  invented 
one  whidi  yields  a  purer  add.  Into  a  long 
glass  tube,  bent  like  the  letter  L  inverted  (q), 
shut  at  one  end,  put  100  grains  of  dilorate  of 
potash,  and  pour  over  it  400  grains  of  muriatic 
add,  specific  gravity  1.105.  Put  40  grains  of 
iodine  into  a  thin  long-necked  recdver.  Into 
the  open  end  of  the  bent  tube  put  some  muriate 
of  lime,  and  then  connect  it  with  the  recdver. 
Apply  a  gentle  heat  to  the  sealed  end  of  the 
former.  Protoxide  of  chlorine  is  evolved, 
which,  as  it  comes  in  contact  with  the  iodine, 
produces  combustion,  and  two  new  compounds, 
a  compound  of  iodine  and  oxygen,  and  one  of 
iodine  and  chlorine.  Hie  latter  is  easily  se- 
parable by  heat,  while  the  former  remains  in  a 
Bute  of  purity. 

The  iodic  add  of  Sir  H.  Davy  it  a  white 
scmitransparent  solid.  It  has  a  strong  addo- 
astrinsent  taste,  but  no  smelL  Its  doisity  is 
considerably  greater  than  that  of  sulphuric 
acid,  in  whidi  it  rapidlv  sinks.  It  melts,  and 
is  decomposed  into  iodine  and  oxygen,  at  a 
temperature  of  about  620^.  A  grain  of  iodic 
add  gives  out  I76.I  grain  measures  of  oxygen 
gas.  It  would  appear  from  this,  that  \ad^ 
acid  consuts  of  16.5  iodine,  to  5  oxygen. 
This  agrees  with  the  determination  of  M.  Oaj 
Lussac,  obtabed  from  much  greater  quan- 
tities ;  and  must  therefore  exdte  admiration  at 
the  precision  of  result  derived  bv  Sir  H.  from 
the  very  minute  proportions  which  he  used. 
170-1  grain  measures  are  equal  to  0.7  of  a 
cubic  inch ;  which,  calling  100  cubic  inches 
33.88,  will  weigh  0-237  of  a  grain,  leaving 
0.763  for  iodine.  And  0-763 : 0.237 : :  15.5 : 
5-0. 

Iodic  add  ddiquesces  in  the  air,  and  is,  of 
course,  very  soluble  in  water.  It  first  reddens 
and  then  destroys  the  blues  of  vegetable  in- 
fusions. It  blanches  other  vegetable  colours. 
By  concentration  of  the  liquM  add  of  Gay 
Lussac,  it  acquires  the  consistence  of  syrup. 
When  the  temperature  of  inspissated  iodic  add 
is  raised  to  about  392«,  it  is  resolved  into 
iodine  and  oxygen.  Here  we  8ce  the  influence 
of  wot«r  !.•<  exactly  the  reverse  of  what  M.  Gay 


to  it;  for,  imtead  of  ifyna^ 
fixity  like  a  base  to  the  add,  it  favours  ita 
decomposition.  The  dry  add  may  be  raised 
to  upwards  of  600®  without  bdng  decomposed. 
Sulphurous  add,  and  sulphuretted  hvdrogen, 
immediatdy  separate  iodine  from  it  bulphuric 
and  nitric  adds  have  no  action  on  it.  M'^ith 
solution  of  silver,  it  gives  a  white  predpitate, 
very  soluble  in  ammonia.  It  combines  with 
aU  the  bases,  and  produces  all  the  iodates  which 
we  can  obtain  by  making  the  alkaline  bases 
act  upon  iodine  in  water.  It  likewise  forms 
with  ammonia  a  salt,  which  fulminates  when 
heated.  Between  the  acid  jnrepaied  by  M. 
Gay  Lussac,  and  that  of  Sir  H.  Davy,  there  is 
one  important  difference.  The  latter  being 
dissolved,  may,  by  evaporation  of  the  water, 
pass  not  only  to  the  inspissated  syrupy  state, 
but  can  be  made  to  assume  a  pasty  consistence; 
and  finally,  by  a  stronger  heat,  yields  the  solid 
substance  unaltered.  When  a  mixture  of  it, 
with  charcoal,  sulphur,  resin,  sugar,  or  the 
combustible  metals,  in  a  findy  divided  state, 
is  heated,  detonations  are  produced ;  and  its 
solution  rapidly  corrodes  all  the  metals  to 
which  Sir  H.  Davy  exposed  it,  both  gold  and 
platinum,  but  mudi  more  intensdy  the  first  of 
these  metals* 

It  aimears  to  form  combinations  with  all 
the  fluid  or  soUd  adds  which  it  does  not  de- 
compose. When  sulphuric  add  is  dropped 
into  a  concentrated  solution  of  it  in  hot  water, 
a  solid  substance  is  predpitoted,  which  consists 
of  the  add  and  the  compound :  for,  on  evapo- 
rating the  solution  bv  a  gentle  hnt,  nothing 
rises  but  water.  On  mcreaaing  the  heat  in  an 
experiment  of  thia  kind,  the  solid  substance 
formed  fused;  and  on  coolinp  the  mixture, 
ifaomboidal  crystals  formed  of  a  pale  ydlow 
colour,  which  were  very  fudbl^  and  which 
did  not  change  at  the  heat  at  which  the  com- 
pound of  oxygen  and  iodine  decomposes,  but 
sublimed  unaltered.  When  urged  by  a  much 
stronger  heat,  it  partially  sublimed,  and  par- 
tially decomposed,  affording  oxygen,  iooine, 
and  sulphuric  add. 

With  hydro-phosphoric,  the  compound  pre- 
sents  phenomena  precisdy  similar,  and  they 
fSonn  together  a  solid,  ydlow,  crystalline  com- 
bination. 

With  hydro-nitric  acid,  it  yields  white 
crystals  in  rhomboidal  platea,  which,  at  a 
lower  heat  than  the  preceding  add  compiounds, 
are  resolved  into  hydro-nltrie  add,  oxygen, 
and  iodine.  By  liquid  muriatic  add,  the 
substance  if  immediately  decomposed,  and  the 
compound  of  chlorine  and  iodine  is  formed. 
All  these  add  compounds  redden  vegetable 
blues,  taste  sour,  and  dissolve  gold  ana  pla- 
tinum. From  these  curious  researches  Sir 
H.  Davy  infers,  that  M.  Gay  Lussae^s  iodic 
add  is  a  sulpho-iodic  add,  and  probably  a 
definite  compound.  However  minute  the 
quantity  of  sulphuric  add  made  to  act  on  the 
iodide  of  barium  may  be,  a  part  of  it  is  always 
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onpioyvd  to  fimn  tfie  compomd  add ;  aiid 
ibe  lendocl  fluid  eontafait  both  the  oompoand 
acid  and  a  certain  quaotity  of  the  onginal  lalt. 
In  trcattig  of  hydriodic  add,  we  have  al- 
leady  dnentied  tlie  method  of  forming  the 
iodatca,  a  daai  of  oJts  distinguished  chiefly 
by  their  ynpatj  of  deflagrating  when  heated 
with  combnstiUei.    See  Salt. 

ACID{/0DOUS).  Equal  parts  of  cblo^ 
late  of  potash  and  iodine  are  to  be  trituiated 
tB^et^  in  a  glass  or  poicdain  mortar,  until 
Uiy  fona  a  fine  pulvemlent  yeUow  mass,  in 
whMb  the  mctanic  aspect  of  the  iodine  has  en- 
tiidy  disappeared.  This  mixture  is  to  be  put 
into  a  retort,  the  neck  being  preserred  dew, 
.and  a  veedTcr  b  to  be  attached  with  a  tube 
passing  to  the  pneumatic  troHgh.  Heat  is  then 
to  be  applied ;  and  for  this  purpose  a  spirit 
lamp  will  be  sufficient ;  at  first  a  few  Tlolet 
Ti^MMBsriaetbatassoon  as  the  chloiate  begins 
to  lose  oxygen,  dense  yellow  fumes  will  appear, 
which  will  be  oondensed  in  the  neck  of  the  re- 
ioit  into  a  yellow  liquid,  and  run  m  drops  into 
the  leeetvcr ;  oxygen  gas  will  at  the  same  time 
come  over.  When  the  vapour  eeascs  to  rise, 
the  pRMcaa  is  finished,  and  the^iodons  add 


will  have  the  following  properties. 
Its  colour  is  yellow ;  taste  acid  and  astrin- 
gent,  leaving  a  bming  sensation  on  the  tongue. 
It  b  of  an  oily  eonsisiency,  and  flows  with  dif- 
ficulty. It  is  denser  than  water.  Its  odour 
somewhat  resembles  that  of  enchlorine.  It 
I  vegetable  bhies,  but  does  not  destroy 
At  11^  F.  it  volatilizes  rapidly  in 
innes.  It  dissolves  iodine,  snd  assumes 
a  deep  coloor.  SemetUimit  Bib.  Univ.  xxv.  119. 
ACID  (CULORIOmC).  The  discovery 
ef  this  imensting  compound  constitutes  an- 
etha  of  Sir  H.  Davy*s  omtributions  to  the 
t  of  sdenoe.  In  a  communication 
i  to  the  Royal  Society,  in  Alarch 
1 8 14»  be  giviea  a  carious  detail  of  its  preparation 
said  piopertiea.  He  formed  it,  by  admitting 
rhlorinr  in  esoeas  to  known  quantities  of 
aodma,  in  veaaels  exhaosted  of  air,  and  repeat- 
edly heating  the  Mbiimate.  Operating  in  this 
wn/,  he  found  that  iodine  absorbs  less  than 
ODe-tfaiid  of  its  weight  of  dilorine. 

Ghloriodie  add  is  a  very  voktile  substance, 
and  in  conaeqncnoe  of  its  action  upon  mercury, 
he  was  not  able  to  detomine  the  ehwtic  force 
of  its  wmpouM»  In  the  most  considerable  ex* 
:  widdhhe  made  to  determine  propor. 
i  giaas  canaed  the  disappearance  of 
8.6  cubical  inches  of  chlorine.  These  weigh 
7.2Mgraiiw.  And  20 : 7-296 ::  15.5 : 6.6,  a 
number  not  very  tu  ftom  45,  the  prime 
of  ddorine;  and  in  the  ddieate 
(  of  the  experiment,  an  approx- 
to  be  disparaged.  Indeeid,  the 
fltat  Rsnlt  in  dose  veaaels,  giving  less  than 
occJihiid  of  the  weight  of  ddorine  absorbed, 
eomet  ssffideotly  near  4.5,  which  is  just  a 
Utde  ks  tluiD  ooe-thiid  of  15.5,  the  prime 
equiva]8Btofiodio& 


Th6  diioMdc  add  fonned  by  the  sublima^ 
tion  of  iodine  in  a  great  excess  of  chlorine  is 
of  a  bright  yellow  colonr ;  when  fused  It  be- 
comes  dT  a  deep  orange,  and  when  rendered 
elasdc,  it  forms  a  deo  onnge-ooloured  gas. 
It  is  capable  of  combining  with  much  io^ne 
when  they  are  heated  together ;  its  colour  be- 
comes, in  consequence,  deeper,  and  the  chlo. 
riodic  add  and  the  iodine  rise  together  in  the 
elastic  state.  The  solution  of  the  chloriodic 
add  in  water  likewise  dissolves  Isrge  quan- 
tities of  iodine,  so  that  it  is  possible  to  obtain 
a  fluid  containing  very  difierent  proportions  of 
iodine  and  chlorine. 

When  two  bodies  so  sfanilar  in  their  cha- 
racters, and  in  the  compounds  they  form,  as 
iodine  and  chlorine,  act  upon  substances  at  the 
same  time,  it  is  difficult.  Sir  H.  observes,  to 
form  a  judgment  of  the  difierent  parts  that 
diey  play  in  the  new  chemical  arrangement 
produced.  It  appears  most  probable,  that  the 
add  property  of  the  chloriodic  compound  de- 
pends upon  the  combination  of  the  two  bodies ; 
and  its  action  upon  solutions  of  the  alkalis  and 
the  earths  nnay  be  easily  explained,  when  it  is 
considered  that  chlorine  has  a  greater  tendcncv 
than  iodine  to  form  double  compounds  with 
the  metals,  and  that  iodine  has  a  greater  ten- 
dency than  chlorine  to  form  triple  compounds 
with  oxygen  and  the  metals. 

A  triple  compound  of  this  kind  with  so- 
dium may  exist  in  sea  water,  and  would  be 
separated  with  the  flrst  crystals  that  are  formed 
by  iu  evapondon.  Hence,  it  may  exist  in 
common  salt.  Sir  U.  Davy  ascertained,  by 
feeding  birds  with  bread  soaked  with  water, 
holding  some  of  it  in  solution,  that  it  is  not 
poisonous  like  iodine  itself. 

ACID  (HYDROCYANIC).  See  Acid 
(Psussic). 

ACID  (HYDROSELENIC).  The  best 
process  which  we  can  employ  for  procuring 
this  add,  according  to  31.  Berzelius,  consists 
in  treating  the  seleniuret  of  iron  with  the  liquid 
muriatic  add :  (Ann.  de  Chim.  et  de  Phys. 
ix.  243.)  The  add  gas  evolved  must  be  col- 
lected  over  mercury.  As  in  this  case  a  little 
of  another  gas,  condendble  ndther  by  water 
nor  alkaline  solutions,  appears,  the  bnt  sub- 
stance for  obtaining  absolutdy  pure  hydrose- 
lenic  add  would  be  sdeniuret  of  potassium. 

Selenittretted  hydrogen  gas  is  oolonxless.  It 
reddens  litmus.  Its  density  has  not  been  de- 
termined by  experiment  Its  smell  resembles, 
at  first,  diat  of  sulphuretted  hydrogen  gas ;  but 
the  sensation  soon  changes,  and  another  suc- 
ceeds, wliicfa  is  at  once  pungent,  astringent, 
and  pwifiiL  The  eyes  be4:ome  almost  in- 
stantly red  and  inflamed,  and  the  sense  of 
smelling  entirely  disappears.  A  bubble  of 
file  siae  of  a  little  pea  is  sufiident  to  prmluce 
these  efiects.  Of  all  the  bodies  derived  from 
the  inorganic  kingdom,  seleniuretted  hydrogen 
is  that  which  exercises  the  strongest  action  on 
the  animal  economy,     ^^ater  di»«)lvfS  this 
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pa;  bat  in  wbat  proportioiii  if  not  known. 
Thin  Bolution  dtsturbs  tlmost  all  the  metallic 
aolutians,  produdng  black  or  brown  preci- 
pitates, wmch  assumo,  on  nibbing  with  po- 
lished faiematitea,  a  nu^allic  lustre.  Zinc,  man- 
ganese* and  cerium,  fimn  exceptions.  They 
yield  flesh-oobuzed  predpitates,  which  appear 
to  be  hydro-sdeniurets  of  the  oxides,  whilst 
the  others,  for  the  most  part,  are  merely  me- 
tallic seleniurets. 

ACID  (HYDROXANTHIC).  If  a  cer- 
tain  quantity  of  sulphuret  of  carbon  be  poured 
into  an  alcoholic  sottttion  of  one  of  the  alkalis^ 
a  neutral  liquid  is  obtained,  in  consequence  of 
the  fonnation  of  anew  add,  wfaidi  neutralizes 
the  alkali  If  potash  has  been  used,  the  salt 
may  be  obtained  dther  by  teflrigeradon,  eva- 
pontioD,  or  predpitAtion  by  suTphuiic  ether. 
It  eontains  no  carbonic  ad^  or  sulphuretted 
hydrogen,  but  an  add  which  is  in  the  samo 
relation  to  sulphuret  of  carbon,  that  hydra- 
cyanic  add  is  to  cyanogen.  Its  oompoundt 
have  been  called  hydioxantbates.  The  add 
may  be  obtained  by  pouring  a  mixture  of  Ibinr 
parts  of  sulphuric  add  and  three  of  water  on 
the  salt  of  potash,  and  in  a  few  seconds  adding 
abundance  of  water.  The  add  colleets  at  die 
bottom  of  the  water  as  a  transparent  slightly 
coloured  mI  ;  it  must  be  quicUy  washed  with 
water  until  free  fW>m' sufphnric  add.  This 
add  reddens  litmus  pAPer  powerfully.  Its 
odour  differs  ftom  that  of  sulphuret  of  caibon. 
lu  taste  is  add  and  astringent.  It  buns 
"Bi^lyv  giving  out  sulphurous  fiimes.  Dr, 
Zeise  ofCcpmhagen,  Journal  of  Science^  xy. 
304. 

ACID  (HYPONITROUS).  See  Acid 
(Nitric). 

ACID  (HYPOPHOSPHORIC).  See 
Acid  (Phosphobic). 

ACID  (HYP0PH08PH0R0US).  See 
Acid  (Phosphorous). 

ACID(HYPOSULPHURIC).  See  Acid 
(Sulphuric). 

ACID  (HYPOSULPHUROUS).  See 
Acid  (Sulphurous). 

ACID  (IGASURIC).  MAI.  Pdktier  and 
Cayentou,  in  their  elegant  researches  on  the 
faha  SancU  Ignatii,  et  nux  vomka,  faavhig 
observed  that  these  substances  contained  a  new 
vegeuble  base  (strychnine)  in  combination  with 
an  add,  sought  to  separate  the  latter,  in  order 
to  determine  its  nature.  It  appeared  to  them 
to  be  new,  and  they  called  it  igasuric  add, 
from  the  Malay  name  by  which  the  natives 
designate  in  the  Indies  ihefabtt  SanctilgnatH, 
This  bean,  according  to  thett  chemistft,  is  com- 
posed  of  igasurate  of  strychnine,  a  little  wax, 
a  concrete  oU,  a  ydlow  colouring  matter,  gum, 
starch,  bassorine,  and  vegetable  fibre. 

To  extract  the  add,  Uie  rasped  bean  must 
be  heated  in  ether,  in  a  digester,  with  a  valve 
of  aa&ty.  Thus  the  concrete  oU,  and  a  little 
igasurate  of  strychnine,  are  dissolved  out. 
When  tlie  powder  is  no  longer  acted  on  by 


the  ether,  they  subject  it,  at  seveial  iiniea,  1» 
the  action  of  boiling  akohd,  which  carries  off 
the  oil  which  had  escaped  the  ether,  as  a]at> 
wax,  whidi  is  deposited  on  cooling,  some 
igasurate  of  strychnine,  and  colouring  matter. 
AU  the  alcoholic  decoctions  are  united,  filtered, 
and  evaporated.  The  brownish-jellow  resi. 
duum  is  diffused  in  water ;  magnesia  is  now 
-added,  and  Ae  whole  is  boiled  together  for 
some  minutes.  By  this  means,  the  igasorate 
is  decomposed,  and  fVom  this  deoompoation 
there  results  free  strychnine,  and  a  sub-%B- 
surate  of  magnesia,  very  little  soluble  in  water. 
Washing  witti  cold  water  removes  almost  com. 
pletdy  Ae  colouring  matter,  and  boiliBg  al- 
cohol then  separates  the  strychnine,  which  ftlls 
down  as  the  liquid  cools.  Finally,  to  procnve 
igasuric  add  from  the  snb-igasurate  (^mag- 
nesia, which  remains  united  to  a  small  quan- 
tity of  oolonring  matter,  we  must  dissolve  the 
magneaian  salt  in  a  great  body  of  boilins  dia- 
tillnl  water;  concentrate  the  liquor,  and  add 
to  it  acetate  of  lead,  which  immediatdy  throws 
down  the  add  in  the  state  of  an  igasurate  oF 
lead.  This  compound  is  then  decomposed,  by 
transmitting  a  cuiient  of  sulphuretted  hydro- 
gen through  it,  diffbsed  in  8  or  10  times  its 
weight  of  boiling  water. 

TUb  add,  evaporated  to  the  cootistenee  of 
syrup,  and  left  to  itadf,  concretes  in  haid  and 
granular  crystals.  It  is  very  sofaiUe  in  water, 
and  in  alcohol  Its  taste  is  add  and  very 
styptie.  It  combhies  with  the  alkaline  and 
earthy  bases,  forming  salts  soluble  in  wafer 
and  alcohol  Its  combination  with  banrtes  is 
veiT  soluble,  and  crystallizes  with  difficulty, 
and  mudiroom-like.  Its  combination  with 
ammonia,  when  perfectly  neutral,  does  not 
fbnn  a  predpitate  with  the  salts  of  silver,  mer- 
cury, and  bon ;  but  it  comports  itself  with  the 
salts  of  copper  in  a  peculiar  manner,  and  which 
seems  to  diaracterise  the  add  of  Hrychnot  (fyt 
the  same  add  is  found  in  mtx  vomieti^  ana  in 
snake-wood,  boit  de  coulettvre):  this  effect 
consists  m  the  decomposition  of  the  salts  of 
cornier,  by  its  ammoniacal  eompound.  These 
salts  pass  immediately  to  a  gnta  colour,  and 
gradually  deposit  a  greenish-white  salt,  of 
very  sparing  sdubility  in  water.  The  add  of 
itrffchnot  seems  thus  to  resemble  meoonic  add} 
but  it  differs  essentially  from  it,  by  its  action 
with  salts  of  iron,  which  immediitely  assume 
a  very  deep  red  colour  with  the  meeonic  add ; 
an  effect  not  produced  by  the  add  ofttrychnos. 
The  authors,  after  all,  do  not  positively  affirm 
this  add  to  be  new  and  peculiar. — Ann.  de 
CkUn,  et  de  Phy$.  x.  142. 

ACID  (lODO-SULPHURIC).  When 
we  pour  sulphuric  acid,  drop  by  drop,  into  a 
concentrated  and  hot  aqueous  solution  of  iodie 
add,  there  immediatdy  results  a  preckiitate  of 
iodo-sulphuric  add,  possessed  of  peculiar  pto» 
perdes.  Bxposed  gradually  to  the  a^lon  of  a 
gende  heat,  die  iodOi^ulphttric  add  mdta,  and 
crystallizes  on  cooling  into  rhomboida  of  a  pale 
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and  Balpliiinc  wU. 

Fho^hoac  and  ^tiac  adda  exUMt  naUkr 
phflDomcoft.  Tke»  oompoond  addt  act  with 
great  CQcnr  cd  tke  aetab.  They  diaMiic 
gcdd  aod  pjatmam 

ACID  (HFDAOTHIONIC).  Sana  of 
the  Gomaa  chaniHa  dJadngniuied  svlphu- 
reUed  hjdiegm  bj  this  name,  on  aeeoant  of 
itijwapstiea  icaemUng  those  of  an  acid. 

ACID  (lOBIO    8cep.3& 

ACID  (IOI>OU8>    See  IK  39. 

ACID  fKINIC).  A  peculiar  add  ex. 
baded  hy  JL  Vau^eUn  mm  dndiona.  Let 
a  vatm  cxtEBCk  fion  hot  inftuiona  of  the  bodt 
in  powda  be  made.    AleohiflRmoTesthem. 


I  part  of  lUs  oEtiacty  and  kaves  a  viadd 
Rsidiiey  of  s  teem  edom^  which  has  hanttf 
any  hitler  tasti^  andwfaidi  ooodsts  of  Innate 
ofihneand  a  modlaguiooa  matter.  Thisxe- 
lin  wato^  the fiqaor Is flUned 
i  to  spontaneous  eyyaaooa  in  a  waim 
It  beooBsea  thick  like  syrap,  and  thai 
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times  aq^am,  and  always  ooloued  sUitly  of 
a  reddisUasvB.  These  pbrtes  of  kmate  of 
liattnnathepiuifiedbyaseoood  oTstaBiflu 
tioa.  They  are  thea  diMolved  in  10  or  IS 
times  Adr  weight  of  water,  and  foiy  dilute 
afBssas  oxalic  add  is  ponied  into  the  idhition, 
tiflDomon  medpitateisftnned.  Byffltm* 
aaa,  the  aaJaie  of  lime  is  separatwl,  and  the 
kime  acid  hdi^  conce&Uated  hy  fpotttaneoas 
cvipantioD,  yields  rmlar  crystals.  Itisde* 
ooi^nBd  by  hmt,  Whileit  ibnns  n  soluble 
mh  with  lime,  it  does  not  pndpitate  lead  or 
diver  from  their  sdutions.  These  aze  duu 
octenanfidently  distinctive.  Thekinatesars 
acKody  known;  that  of  bme  constitutes  7p« 
oott.  of  cifldkona. 

ACID  (K&AM£RIC).  A  peculiar  sub^ 
BtsMe  whidi  Bf.  Pesduer,  of  Genera,  thought 
be  had  fioBad  In  the  root  of  the  Krameria  iru 


ACID  (LACCIC)  of  Dr.  John. 

This  dicmist  made  a  watery  eatnct  of  pow- 
doed  stick  lac,  and  efapocated  k  to  diynees. 
He  digrsted  akehol  oo  this  extnct,  and  era* 
poBBted  tiie  alcoholic  extract  to  drynees.  He 
then  d^eated  this  masa  in  ether,  and  er^to. 
nfied  the  ethcsasl  solution ;  when  he  obtained 
a  9fimff  iiiaas  of  a  light  ysDow  cohwr,  which 
was  ^gain  diMoired  bi  aknhoL  .On  addbg 
water  to  thia  aobition  a  little  ledn  fdL  Ape* 
cnbar  acid  united  to  potash  and  lime  remdns 
m  te  aofatioa,  idiich  Is  obtsinod  fiee,  by 
fwadn|  with  aeslate  of  lead  an  insdnhk  lao* 
caae^  sad  dseompoamg  this  with  the  equivalent 
foaatiii  of  anliiiiiiie  wad.  Ijuxie  add  crys. 
taUiaa;  fc  baa  «  wine-yeOow  colour,  a  soar 
f»(%  andissolubie,  as  we  haTosecn,  in  watsr. 
It  pndpiutes  lead  and 


^  whitei  but  it  does  i4ft  aftet  Umfl^ 
lNH7tea,orBilvix,mthdrsoIntioos.  Itthrowo 
down  the  salts  of  hon  white.  With  lime,  soda, 
and  potash,  it  £9nnsdeliq»iflaceBt  salts,  sduble 
in  alcohol. 

ACID  (LACTIC).  The  extract  whidi  Is 
dbtabied  when  dried  whey  is  digested  widi 
alcohol  contains  unoombined  lactic  «ad,  lae- 
tats  of  potash,  muriate  of  potash,  and  a 
proper  animal  matter.  As  the  elimination  ef 
the  add  afibrda  an  instructive  example  of  «*«- 
mical  icsearch,  we  shall  present  it  at  some 
detail  fion  the  2d  vohmie  of  BeBdhlB*s 
Animal  Chemistry. 

He  mixed  the  above  akdidiG  solution  with 
another  portion  of  alcohol,  to  which  -Jg  of  coo- 
oentrated  su^^hniic  acid  hsd  been  added,  and 
continued  to  add  fiesh  portions  of  this  mixtuvo 
as  long  as  any  salroe  piedpiute  was  formed, 
and  until  the  fluid  had  acquired  a  decidedly 
add  taste.  Some  sulphate  of  potash  wm  pea. 
dpitated,  and  there  xcmained  in  the  alcohol^ 
muziatie  add,  lactic  add,  sul^huzic  add,  and 
a  minute  pordon  of  phoiphotic  add,  detadud 
ftona  some  bone  earth  wUch  had  been  hdd  hi 


The  ackl  liouoc  was  fiUcnd,  tmi, 
afterwards  digested  with  csrbonate  of  leai^ 
which  with  the  lactic  add  affMda  n  salt  sdufala 
in  alcohol.  As  soon  as  the  mixtuie  had  m» 
quired  a  sweetish  taste,  the  three  ndnenl  addt 
had  fallen  down  hi  oombhiation  with  theleadi 
and  the  lactic  add  renudned  behind,  impeiliBctly 
saturated  by  a  portion  of  it,  from  which  it  waa 
detached  by  means  of  su^uretted  hychogcn^ 
and  then  evaporated  to  tne  consistence  of  a 
thick  ▼amiah,  of  a  dark  br^wn  coloui^  and 
sharn   add   tast^    but  altogether   wtthonit 

In  order  to  free  it  from  the  anunal  matter 
which  might  remain  combined  with  it,  he 
boiled  it  with  n  mixtuie  of  a  laige  quantity  of 
fresh  Ume  and  water,  so  that  the  animal  sub* 
stanoea  were  ptedpitated  and  destroyed  by  the 
lime.  Tiie  Ume  became  yeUow-brown,  and 
the  solution  ahnoet  cdoudcas,  while  the  mass 
emitted  a  smdl  of  soap  lees,  which  dissppeared 
as  the  boiling  was  oontinuecL  The  fliud  thns 
obtained  was  filtered,  and  evi^H»ated,  until  a 
great  part  of  the  superfluous  lime  hdd  in  so» 
hition  was  predpitated.  A  small  portion  of 
it  was  then  deoon^waed  by  oxalic  add»  and 
carbonate  of  silver  was  dissolved  in  the  on* 
comhmed  lactic  add,  until  it  was  fully  sa^ 
turated«  With  the  assistance  of  tiie  laetsle 
of  sihrer  thus  obtained,  a  further  quantity  of 
muriatic  add  was  separated  item  the  lafiate 
of  lime,  which  was  then  decomposed  by  purs 
oxalic  add,  free  from,  nitric  add,  taking  oars 
to  leave  it  in  such  a  state  that,  ndtlwr  the 
oxalic  add  nor  lime  water  afibrded  a  pe» 
dpitats.  It  was  then  evaporated  to  dryness, 
and  dissolved  agahi  in  alcohol,  asmall  portkm 
of  oxalate  of  liiM,  before  retained  in  union  with 
the  add,  now  remdning  undissdved.  The 
akohd.wBtevapontad  until  the  mass  was  do 
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Inoger  fluid  while  wann ;  tt  became  a  brown 
dear  transparent  add,  whidi  was  the  lactic 
add,  free  from  all  subatances  that  we  have 
hitherto  had  reason,  to  think  likdj  to  con- 
taminate it 

The  lactic  add,  thus  purified,  has  a  brown, 
j^ow  colour,  and  a  sharp  sour  taste,  which 
IS  much  weakened  by  diluting  it  with  water. 
It  is  without  smdl  in  the  cold,  but  emits, 
when  heated,  a  sharp  sour  smdl,  not  unlike 
that  of  sublimed  oxalic  add.  It  cannot  be 
made  to  erystalliie,  and  does  not  eiliibit  the 
sli^test  appearance  of  AsaUne  substtanoe,  but 
dries  into  a  thidc  and  smooth  yamish,  which 
dowly  attracts  moisture  from  the  air.  It  is 
▼cry  easily  soluble  in  alcohoL  Heated  in  a 
gold  spoon  over  the  flame  of  a  candle,  it  first 
boils,  and  then  its  pungent  acid  smdl  becomes 
very  manii^t,  but  extremdy  distinct  from  that 
of  the  acetic  add ;  afterwards  it  is  charred,  and 
•has  an  empyreumatic,  but  by  no  means  an 
animal  smdL  A  porous  charcoal  is  left  be- 
hind,  which  does  not  readily  bum  to  ashes. 
When  distilled,  it  gives  an  empyreumatic  oil. 
Water,  empyreumatic  vinegar,  carbonic  add, 
and  inflammable  gases.  With  alkalis,  earths, 
and  metallic  oxides,  it  eflbrds  peculiar  salts : 
and  these  are  distinguished  by  being  soluble 
in  alcohol,  and  in  general  by  not  having  the 
least  disposition  to  crystallize,  but  drying  into 
a  mass  like  gum,  which  slowly  becomes  rotrist 
faitheair. 

'  Lactate  offota^  is  obtained,  when  the  lac 
tate  of  lime,  purified  as  has  been  mentioned, 
is  mixed  with  a  warm  solution  of  carbonate  of 
potash.  It  forms,  in  drying,  a  gummy,  light 
yellow.brown,  transparent  mass,  which  cannot 
easily  be  made  bard.  If  it  is  mixed  with  oon> 
eentrated  sulphuric  add,  no  smdl  of  acetic 
add  is  percdved ;  but  if  the  mixture  is  heated, 
it  ac^ires  a  disagreeable  pungent  smdl,  which 
is  observable  in  all  animal  substances  mixed 
with  the  sulphuric  add.  The  extract  which 
is  obtained  oirectly  from  milk,  contains  this 
salt;  but  this  afibrds,  when  mixed  with  sul- 
phuric add,  a  sharp  add  smdl,  not  unlike  that 
of  the  acetic  add.  This,  however,  depends 
not  on  acetic  but  on  muriatic  add,  which  in  its 
concentrated  sUte  faitroduoes  this  modilteation 
bto  the  smdl  of  almost  all  organic  bodies.  The 
pure  laeute  of  potash  is  easily  soluble  in  al. 
cohol ;  that  iriiich  oontdns  an  excess  of  potash, 
or  is  still  contaminated  with  the  animal  matter 
soluble  in  alcohol,  whtdi  is  destroyed  by  the 
treatment  with  lime,  is  dowly  soluble,  and  re- 
quires about  14  parts  of  warm  alcohol  for  its 
aolution.  It  is  dissolved  in  bdUng  alcohol 
more  abundantly  than  m  cold,  and  separates 
from  it,  while  it  is  cooling,  in  the  form  of  hard 
drops. 

.  The  lactate  of  soda  resembles  that  of  pot- 
ash, and  can  only  be  distinguished  from  it  by 
analysis. 

Lactate  of  ammonia.  If  concentrated  lactic 
add  is  saturated  with  caustic  ammonia  in  ex* 


oen,  tha  ndxttiis  aafutoes  a  strong  vslatile 
tmdl,  not  unltlce  tfaatof  (he  acetate  or  flmniate 
of  ammonia,  wtiidi,  however,  soon  ceases.  The 
salt  which  is  left  has  sometimes  a  slight  ten- 
dency  to  shoot  into  crystals.  It  affords  a  gummy 
mass,  which  in  the  air  acquires  an  excess  of 
acidity.  When  heated,  a  great  part  of  the 
alkali  is  expdled,  and  a  very  add  Mlt  remains, 
whidi  deliquesces  in  the  air. 

The  lactate  ofbarytet  may  be  obtamed  in 
the  same  way  as  that  of  lime;  bat  it  then  cm- 
tains  an  excess  of  the  base-  When  evaporated, 
it  affinds  a  gummy  mass,  soluble  in  aloohd. 
A  portion  remains  undissolved,  which  n  a  sub- 
salt,  is  douffhy,  and  has  a  browner  colour. 
That  which  is  dissolved  in  the  aloohd  afibrds 
by  evaporatbn  an  almost  colourless  gummy 
mass,  which  hardens  into  a  stiff  but  not  a  brittk 
varnish.  It  does  not  show  the  least  tendency 
to  crystallize.  The  salt,  which  is  less  soluble 
in  alcohol,  may  be  furUier  purified  from  the 
animal  matter  adhering  to  it,  by  adding  to  it 
more  barytes,  and  then  becomes  more  soluble. 

The  lactate  of  lime  is  obtained  in  the  man- 
ncr  above  described.  Itafibrds  a  gummy  mass, 
wfaSdi  is  also  divided  by  dcohd  into  two  por- 
tions.  The  larger  portion  is  soluble,  and  gives 
a  shining  vamiah,  indining  to  a  light  yellow 
colour,  which,  when  slowly  dried,  cracks  all 
over,  and  becomes  opaqu&  This  is  pure  lac- 
tate of  lune.  That  whkh  is  insoluble  in  aloohd 
is  a  powder,  with  exoeu  of  the  base ;  received 
on  a  filter,  it  becomes  smooth  in  the  air  like 
gum,  or  like  malate  of  lime.  By  boiling  witii 
more  lime,  and  by  the  predpitatioD  of  Uie  su- 
perfiuous  base  upon  exposure  to  the  air,  it 
becomes  pure  and  sduble  in  alcoliol. 

Lactate  ofmaguena^  evaporated  to  the  con- 
sistence of  a  thin  syrup,  and  left  in  a  wann 
dace,  shootsinto  small  granular  crystals.  When 
hastily  evaporated  to  dryness,  it  affinds  a  gum- 
my  mass.  With  regard  to  alcohol,  its  pro- 
perties resemble  those  of  the  two  preceding 
salts. 

AmmoaiacO'magwwm  laetaie  is  obtained 
by  mixing  the  preceding  salt  with  caustic  am- 
monia, as  long  as  any  predpitation  continues. 
By  spontaneous  evaporation  tliis  salt  shoots 
into  needlOi^haped  prisms,  which  are  little 
coloured,  and  do  not  change  in  the  air.  Ber- 
idius  has  ooee  seen  these  crystals  form  in  the 
alcoholic  extract  of  milk  boiled  to  dryness ;  but 
this  is  by  no  means  a  oommoB  occurrence. 

The  lactaU  of  silver  is  procured  by  diasdving 
the  carbonate  in  the  lactic  add»  The  sdution 
is  of  a  ligtit  yellow,  somewhat  indining  to 
green,  and  has  an  unpleasant  taste  of  verdigris. 
When  evaporated  in  a  fiat  vessd,  it  dries  into 
a  very  transparent  greenish-yellow  vamlsh, 
which  has  externally  an  unusual  i^lendour  lilce 
that  of  a  looking-glass.  If  the  evaporation 
is  conducted  in  a  deeper  vessel,  and  with  a 
stronger  heat,  a  part  of  the  salt  is  decomposed, 
and  remains  brown  from  the  reduction  of  the 
silver.    U  this  salt  is  dissdved  in  water,  no 


ACI 


« 


ACI 


I  portion  of  tbe  tllTet  ii  jeduccd 
nd  depositfld,  even  when  the  tali. has  been 
tmqittatt;  and  the  ooooeatiBted  solutioD  hat 
afine  g^eeoiab-jcllDir  oolou]^  which  by  dihitian 
becomea  ydOow.  If  ve  dkoohe  the  oxide  of 
uItct  in  an  impme  add,  the  salt  beoomct 
blown,  nnd  mine  nlra  is  renred  during  the 
evapontkn. 

The  locMr  if  the  proUMcide  of  meremry  is 
obtained  wJMn  Oe  lactic  acid  is  tatmated  with 
black  ozidaCBd  merany.  It  has  alight  yellow 
colonic  which  ^aappeais  by  means  of  lepeated 
adntion  and  evapontion.  The  Bait  exhibits 
add  peopertiea,  ddiqnesoes  in  the  air,  and  is 
partiany  diaaalTcd  in  alcohol,  but  is  at  the 
aune  time  decomposed,  and  deposits  carbonate 
of  meicnxy,  while  the  mixtare  acquires  a  slight 
ameill  of  ether.  The  lactic  add  diBiolves  Stto 
the  red  oxide  of  mercury,  end  gives  with  it  a 
red  gummy  ddiquesoent  salt.  If  it  is  left  ex^ 
posed  to  a  wann  and  moist  atmosphere,  it 
tifposhs,  after  the  expiration  of  some  weeks,  a 
li^t  semicrystalline  powder,  which  he  has  not 
rramined,  bat  whidk  probably  must  be  acetate 
of  memiy. 

The  ladaie  of  lead  may  lie  obtained  Id  bc- 
Tetal  dafierent  degrees  of  saturation.  If  the 
lactic  add  is  dented  with  the  carbonate  of 
lead,  it  becomes  browner  than  before,  but  can- 
not be  fully  saturated  with  the  oxide;  and  we 
obtain  an  add  salt,  which  does  not  cryttallise, 
hot  dries  into  a  syrup-like  brown  mass,  with  a 
sweet  ansteie  taste.  When  a  soluticHi  of  lactic 
add  in  alcohol  is  digested  with  finely  powdered 
liiha^  until  the  solution  becomes  sweet,  and 
is  dien  alowl^  evaporated  to  the  consistence  of 
hooey,  the  neutral  lactate  of  lead  crystallizes  in 
BcaUgreyish  gndns,  which  may  be  rinsed  with 
aloobol,  to  wash  off  the  viscid  mass  that  ad. 
hoes  to  them,  and  wffl  then  appear  aa  a  grey 
ganolar  salt,  which  when  dry  is  light  and 
■Iwry. 

This  silver-grained  salt  does  not  change  in  1^ 
air ;  treated  with  sulphuretted  hydrogen  it  af- 
feeds  pare  lactic  add.  If  the  lactic  add  is 
digested  wiih  a  greater  portian  of  levigated  li- 
tharge than  is  required  for  its  saturation,  the 
inidscqairBS  first  a  browner  ooLoar,  end  aa  the 
digeatifln  ia  continQed  the  colour  becomes  more 
ai2  moae  paJe,  and  the  oxide  sweUs  into  a 
bulky  powder,  d  a  odour  somewhat  lighter 
than  before.  If  the  fluid  is  evaporated,  and 
water  is  then  ponred  on  the  dry  mass,  a  very 
■nail  portioD  «f  it  only  is  dissolved;  the  so- 
lotiaa  is  not  colonred,  and  when  it  is  exposed 
to  the  air,  a  peDide  of  carbonate  of  Irad  is 
separated  from  iL  If  the  dried  salt  of  lead  be 
baled  with  water,  and  the  solution  be  filtered 
vbOe  hot,  agreat  part  of  that  which  had  been 
dvKlnd  will  be  ptedpitated  while  it  cods,  in 
the  igmi  of  a  white,  or  light  yellow  powder, 
whichisasub-hictateoflead.  Thisssltisof 
a  light  ihme  odour ;  when  dried,  it  remains 
mealy,  md  soft  to  die  touch,  snd  it  is  de- 
compoaed  bj  die  weakest  adds,  whUe  the  add 


nli  is  dJasolvcd  in  water,  exhOdting  a  sweet 
taste  and  a  brown  odour.  When  moistened 
with  water,  it  undergoes  this  chanoe  from  the 
operation -of  the  carbonic  add  disused  in  the 
air.  If  this  salt  is  wsrmed  and  then  set  on 
fire  at  one  point,  it  bums  like  tinder,  and  leaves 
the  laid  in  great  measure  reduced.  A  hundred 
parts  of  thu  salt,  dissolved  in  nitric  add,  and 
predpitated  with  carbonate  of  potash,  gave 
exactly  100  paru  of  carbonate  of  lead ;  con- 
sequently its  component  partS|  determined  from 
those  of  the  carbonate,  must  be  83  of  the  oxide 
(tf  lead,  and  17  of  the  Ucdc  add.  At  the  same 
time  we  cannot  wholly  depend  on  this  pro- 
portion, and  it  certainly  makes  the  qusntitv  of 
lead  somei^at  too  great.  The  relation  of  the 
lactic  add  to  lead  a&rds  one  of  the  best  me- 
thods of  recognizing  it,  and  Bemdius  always 
piindpaliy  employra  it  in  extracting  this  aod 
from  animal  fluids;  it  gives  the  desrest  di^ 
stinctian  between  the  IscSc  add  and  the  acetic: 

The  lactate  of  iron  is  of  a  red-brown  colour, 
does  not  crystdlise,  and  is  not  soluble  in  al- 
cohoL  The  2actetff  of  ditc  crystallizes.  Both 
these  metals  are  dissolved  by  the  lactic  add, 
with  an  extrication  of  hydro«o  gas.  The  lac* 
tateqfcoppery  according  to  ita  different  degrees 
of  saturation,  varies  iirom  blue  to  gresn  and 
dark  blue.    It  does  not  aystalliae. 

It  is  only  necesssry  to  compare  the  descrip- 
tions of  these  salts  with  what  we  know  of  the 
salu  which  are  formed  with  the  same  bases  by 
other  adds,  for  example,  the  acetic,  the  malic, 
and  others,  in  order  to  be  completdy  convinoed 
that  the  lactic  add  must  be  a  peculiar  ad^, 
perfectly  distinct  from  sll  others.  Its  prime 
equivalent  may  be  celled  5.8. 

The  naneek  acid  of  Braoonnot  resembles  the 
lactic  in  many  respects. 

ACID  (LITHIC).  Litfaate  of  potash  is 
obtained  by  digesting  human  urinary  calculi  in 
caustic  lixivium;  and  Fourcroy  recommends 
the  predpitation  of  thelithic  add  fieom  this  so- 
lution by  acetic  add,  as  a  good  process  for  ob- 
taining the  acid  pure,  in  smsU,  white,  shinhig, 
and  abnost  pulveruloit  needles. 

It  has  the  fonn  of  white  shining  plates, 
whidi  are  denser  than  water.  Has  no  taste 
nor  smen.  It  dissolves  in  about  1400  portsof 
boiling  water.  It  reddens  the  hifudon  of  liu 
mus.  When  dissolved  in  nitric  acid,  and  eva- 
porated  to  dryness,  it  leaves  a  pink  sediment 
The  dry  add  is  not  acted  on  nor  dissolved  by  the 
alkaline  carbonates,  or  sub-carbonates.  It  de- 
comiKMes  soap  when  sssisted  by  heat ;  as  it  does 
also  the  alkanue  sulphureta  and  hjrdrosulpha- 
rets.  No  add  acts  on  it,  except  those  that  oc- 
CBsion  its  decomposition.  It  dissolves  in  hot 
solutioDs  of  potash  and  soda,  and  likewise  hi 
ammonia,  but  less  readily.  The  lithates  may 
be  formed,  dther  by  mutually  saturating  the 
two  constituents,  or  we  may  dissolve  the  add 
in  an  excess  of  base,  and  we  may  then  pr^ 
dpitate  by  carbonate  of  ammonia*  The  li- 
thates axe  all  tastdeas,  and  resemble  in  appear- 
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aa^  HAfie  i4d  ilMli  They  an  mA  «lu*«i 
hj  txfomm  to  the  atewtpbaeu  They  we 
vciy  ^euDgly  eoiliible  in  water.  They  aee 
deoaoi|KMed  bv  a  led  heet,  which  d«tiioy»  the 
'  add.  The  liihic  acid  ie  precipitated  fiointheee 
aalta  by  all  the  acida^  excqit  the  pniaue  and 
carbooic  They  are  decompoted  by  the  nik 
tratee,  mi]xiateB,andaaetateiof  bacytea,  stnau 
tites,  lime,  magneiiay  and  alumina.  Thejr  aie 
pcecipitated  by  all  the  mrtallic  eolations,  ex* 
eept  that  of  gold.  When  lithic  add  is  ezpoeed 
to  heat,  the  pioducta  are  carburetted  hydrog^ 
and  carbonic  add,  prusic  add,  carbonate  of 
ammonia,  a  sublimate,  oonsistii^  of  ammonia 
oombined  with  a  peculiar  add,  wiiich  has  the 
fSoUowing  properties :-" 

Its  odour  is  ydlow,  and  it  has  a  eooUng 
hitter  taste.  It  dissolves  readily  in  wafeei\ 
and  in  allcaline  eohitions,  from  which  it  is  not 
predpitatedbyadds.  It  diesolves  alio  sparing* 
fy  in  aleohoU  Itis  volatile,  and  when  sublimed 
a  second  time,  becomes  much  whiter.  The 
watery  solution  reddens  vegetable  bluesy  but  a 
veiy  small  qetantity  of  ammonia  destroys  this 
property.  It  does  not  cause  efevesoenoe  with 
alkaUne  carbonates.  By  cvapocation  it  yidda 
pennanent  crystals,  but  ill  defined,  from  ad* 
Loing  animal  matter.  These  redden  vegetable 
blues.  Potash,  when  added  to  these  crystals^ 
dismgagps  ammonia.  When  dissolved  in  nitric 
add,  they  do  not  leave  a  ved  stain,  as  happens 
with  one  add;  nor  doea  their  solution  in  water 
decompose  the  earthy  salts,  as  happens  with 
alkaline  lithates  (or  orates).  Neither  baa  it 
any  action  on  the  salts  of  copper,  noo,  gold, 
platinum,  tin,  or  mercury.  With  nitimtes  of 
silver,  and  mercury,  and  acetate  of  lead,  it 
forms  a  white  predpotate,  soluble  in  an  excess 
of  nitric  add.  Muiiade  add  ooessiens  no 
precipitate  in  the  solution  of  these  crystals  in 
water.  These  propaties  show,  that  the  add 
of  the  sublimate  is  different  fioni-the  uric,  and 
from  every  other  known  acid.  Dr.  Austin 
found,  that  by  repeated  distiUationa  lithic  add 
was  resolved  ioto  amnxmia,  nitrogeo,  and 
prussic  add.    See  Acid  (Pyaolithic)* 

When  lithie  add  is  projected  into  a  flask 
with  chlorine,  then  is  fimned,  in  a  little  times 
muriate  of  ammonia,  oxalate  of  ammonia, 
osibonie  add,  muriatic  add,  and  malic  acid  i 
the  same  resulta  an  obtained  by  passing 
chlorine  through  water,  holding  this  add  in 
suspension. 

U,  Gay  Lussac  mixed  lithic  add  with  90 
times  its  weight  of  oxide  of  copper,  put  the 
mixtora  into  a  glass  tobe^  and  covered  it  widi 
a  quantity  of  copper  filings.  The  copper 
fili^  behig  first  heated  to  a  dull  red,  heat 
was  applied  to  the  mixture.  The  gas  which 
came  over,  was  composed  of  a69  carbonk 
add,  and  0.81  nitrogen.  He  oonedves,  that 
the  hoik  of  the  osxbonic  aeid  would  have  been 
exacdy  double  that  of  the  nitrogen,  had  it  net 
been  fbr  the  fonnation  of  a  litUe  carbonate  of 
wmncBiiu    Hence,  uric   acid  contains  two 


^  and  odook  nths^ 

is  uM  same  pnpottion  as  eiiste  in 

Piobably,  a  prime  eqahrsiBBt  of 

etxygen  ia  pnseat.    Dr.  Proat,  in  the  ei^ltll 

voL  of  the  Med.  Chir,  Trans,  descrfbn  the 

nsnlt  of  an  analysis  of  lithic  add,  efieeied  saab 

by  ignifced  oxide  of  copper,  but  n  oooducted 

as  to  deteraoine  the  product  of  oxygen  and 

hydrogen.    Four  gmiiis  of  lithie  add  yidded, 

water  1.06,  eaitaonic  add  11.0  c.  inthea,  nitio«' 

gen  (k5  do.    Hence,  ii  consisted  of 

Hydrogen         &857  or  I  prime  =  0.128 

Carbon  34.f!80      2  =1.500 

Oxygen  28.857      1  =1.000 

Nitrogen         40.00        1  =  1*750 

100.000  4.370 

Mr.  Bersrd  has  published  an  analysb  of 
li^e  add  smoe  Dr.  Pnmt,  in  which  he  also 
em|doyed  oxide  of  o^per. 

The  fijUowmg  are  the  results : 
Gaibon      83.61 }  r  1  Carbon 

Oxygen     1&89  f  wfaidi  ap- 9  1  Oxygen 
Hydrogen    &34f' proach  to  j  4  Hydrogen 
Nitrogen   SOilO)  Cl  Nitrogen 

100.00 

Hen  we  find  the  nitrogen  and  carbon 
needy  in  the  same  quantity  as  by  Dr.  Phmt ; 
but  then  is  much  more  hydrogen  and  lesa 
oxygen.  By  urate  of  barytes,  we  have  the 
prime  equivalent  of  uric  add  equal  to  15.07 « 
and  by  urate  of  potash  it  appears  to  be  14.0. 
It  is  needless  to  try  to  accommodate  an  ar. 
raogement  of  prime  equivalents  to  theee  dis- 
crej^ndes.  The  lowest  number  would  require, 
on  ^  DsUonian  plan,  an  assodation  of  more 
than  twenty  atoms,  the  grouping  of  whidi  is 
TBCfaer  a  sport  of  fimcy  than  an  exerdse  of 
leaaon.  For  what  benefit  could  accrue  to 
chemical  science  by  stating,  that  if  we  consideT 
the  atom  of  lithic  add  to  be  16.75,  then  it 
would  probably  consist  of 

7  atoms  Carbon  =  5.25  81.4 

3  Oxygen  =  aOO  17.00 
12           Hydrogen       =  1.500  a90 

4  Nitrogen        =r  7*00  41.80 

26  16.75      100.0 

ACID  (MALIC).  The  add  of  apples; 
the  same  with  that  which  is  extrscted  from 
the  fruit  of  the  mountain  ash.    See  AciB 

(SORMC). 

ACID  (MAROARIC).  When  we  im. 
mene  loap  made  of  pork-giease  and  potash, 
in  a  large  quantity  of  water,  one  part  is  dis- 
solnd,  whue  anodier  part  is  predpitated  in 
the  fbrm  of  several  briUfent  pellets.  These 
are  separated,  dried,  washed  in  a  large  qoan- 
tityof  water,  and  thai  dried  on  a  filter.  They 
an  now  dissd-ved  in  boiling  aloohol,  vp.  gr. 
a620,  from  whidi,  as  it  co(Ns,  the  pearly  sub- 
stance  falls  down  pure.  On  acting  on  this 
with  dilute  muriatic  add,  a  substance  of  a 
pecuUar  kmd,  which  M.  Chevreul,  the  dis- 
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OMttc^  odb  nusgKhie,  or  nutigviti  add,  fai 
ttpumed.  It  most  be  veQ  washed  with 
vafter,  dupolved  id  boiliog  alcohol,  from  which 
il  is  leop^ctcd  in  the  ame  cryiudline  pearly 
ftniL,  when  fhe  aohitkxi  coob. 

Maz^Bie  add  »  peaily  white,  and  taste^ 
IcaiL  Its  amdl  'u  feeble,  and  a  little  simiUtf 
to  that  of  aodicd  wax.  Its  spedfic  gravi^  is 
iDfenor  to  wafer.  It  melts  at  134<>  F.  hito  a 
▼exy  liQipJd,  ooIomlesB  liquid,  whidi  etyMal- 
liaes,  <m  cooiBs|c  into  briuiant  needles  of  the 
finot  while.  It  is  insoluble  in  water,  but 
Tcrf  soloble  in  alcohol,  sp  gr.  aOOOi  Cold 
aaaigaiic  add  has  no  action  on  the  colour  of 
fimuis;  bat  when  heated  so  as  to  softoi  with- 
out mdting,  the  blue  was  reddened.  It  oom- 
bincB  with  the  salifbble  bases,  and  forms 
neutnl  compoonds.  100  parts  of  it  unite  to  a 
qoantxty  of  baae  coDtaining  three  parts  of 
oxygen,  sappodng  that  100  of  potash  contain 
17  of  oxygen.  Two  oidos  of  maigarates  are 
formed,  the  maigarates  and  the  snpermaiga- 
lates;  the  fanner  being  converted  into  the 
latts,  by  pouring  a  laige  quantHy  of  water  on 
them.  Other  faubesic^  that  of  the  hog  ^dd 
this  substance. 

AM,  Bate. 
Msgsrate  of  potwh  consists  of  100  17-77 
Sopermai^BBte  -        -  100      8.88 

Magnate  of  soda  ...  100  12.72 
Barytes  ...  100    28.03 

Sontitta  ....  100  20.23 
Lime        ....        100    11.00 

Potash. 

S^onuBgante  of  Human  fat    100      &86 

Sheep  Ux       100      8.68 

Ox  fiit  100      &78 

Jaguar  iat      100      aOO 

Goose  fat        100      &77 

If  we  compane  the  abore  numbers,  we  shall 

fed  35  ID  he  the  pome  equirakntof  mazgam 

add. 

naft  of  man  is  oUauied  under  three  dif« 
teem  fama.  Isi;  In  very  fine  long  naadles, 
disposed  m  flat  atars.  2d,  In  very  fine  and 
reny  dnt  nesdks,  fixmhig  waved  figures,  like 
thoae  of  die  maigBtie  add  of  carcasses.  3d» 
In  raj  Ing^  brilUant  aystals  disposed  in 
sisa,  snilar  to  the  maigsnc  add  of  the  bog* 
The  margiiic  adds  of  man  foid  the  hog  je» 
aanble  each  other;  as  do  tfao«e.of  the  »%  and 
the  iheep«  and  of  the  gooas  fod  the  jaguar. 
Tbeeonomidfwitbtbebaaea  are  real  soaps. 
TheaolBOon  in  aloabol  jpffigcds  jkhe  transptxent 
aosp  of  tUi  coontnr*— wimM&<  d«  (^Uwc  et 
de  /lyt.  aa^enl  voiuiBeB. 

ACU>(H£CONIG).  This  add  is  a  con. 
stitaent  or  opium.  It  was  discoveied  by  M, 
ficrtacBMr,  who  pocured  it  in  the  following 
way:  After  preapitaling  the  morphia^  from 
n  sohnMn  of  opium,  by  ammonia,  he  added 
to  the  icsidBal  fiuid  n  ulution  of  die  muriate 
of  ympek,  A  predpilate  la  in  this  way 
Utmtd,  vhUi  Ja  ai^ifmed  lo  be  a  qnadrupla 


eompirond,  of  baiytes,  morphia,  extmct,  and 
the  meoonic  add.  The  extract  is  removed  by 
alcohol,  and  the  baiytes  by  sulphuric  add; 
when  the  meconic  add  is  left,  merdy  in  com- 
bination with  a  portion  of  tlie  morpJiia ;  and 
iVom  this  it  is  purified  by  successive  solutions 
and  evaporatians.  The  add,  when  Rublimed, 
forms  long  cokmxless  needles ;  it  has  a  strong 
aflinity  for  the  oxide  of  iron,  so  ss  to  take  it 
from  me  muriatic  solution,  and  form  with  it  a 
dietfy-red  predpitate.  It  forms  a  crystalliza- 
ble  salt  with  lime,  which  is  not  decomposed  by 
sulphuric  add  ;  and  what  is  curious,  it  seems 
to  possess  no  particular  power  over  the  human 
body,  when  recdved  into  the  stomach.  The 
essential  salt  of  <^ittm,  obtained  in  M.  De- 
msne's  original  experiments,  was  probably  the 
meooniate  of  morphia. 

Mr.  RoMquet  has  made  a  useful  modifies- 
tion  of  the  process  for  extracting  meoonic  add. 
He  treats  the  opium  with  magneua,  to  sepa- 
rate the  morpliia,  while  meooniate  of  magnesia 
is  also  foraied.  The  magnesia  is  removed  by 
adding  muriate  of  barytes,  and  the  baiytes  is 
afterwaads  leparated  by  dQute  sulphuric  add. 
A  larger  proportion  of  mooonic  add  is  thus 
obtained. 

Mr.  Robiquet  denies  that  meconic  add  pre- 
dpitates  iron  from  the  muriate ;  but,  accord- 
i^  to  M.  Vogel,  its  power  of  reddening  solu- 
tions of  non  is  so  great,  as  to  render  it  a  more 
ddicate  test  of  this  metal,  than  even  the  ferro- 
prussiate  of  potash. 

To  obtain  pure  meconic  add  from  the  me« 
coniate  of  bsrytes,  M.  Choulaut  triturated  it 
in  a  mortar,  with  its  own  wei^t  of  glassy  bo- 
radc  add.  This  mixture  bdng  put  into  a 
small  ghss  fiask,  which  was  surrounded  with 
sand  in  a  sand  pot,  in  the  usual  manner,  and 
the  red  heat  bdng  gradually  raised,  the  me- 
conic sdd  sublim^  m  the  state  of  fine  whits 
scales  or  plates.  It  has  a  strong  sour  taste, 
which  leaves  behind  it  an  impression  of  bitter^ 
ness.  It  dissolves  readily  in  water,  alcobd, 
and  edier.  It  reddens  the  greater  number  of 
vegetable  blues,  and  changes  the  solutions  of 
iron  to  a  dierry-ved  colour.  When  these  solu- 
tions are  heated,  the  hon  ia  piedpitated  in  the 
state  of  protoxide. 

The  mefioniaiei  examined  by  Choulant,  are 
the  following  t— 

l^  Meconiate  of  potash.  It  crystallajses  in 
foor-dded  tablep,  is  9oluble  in  twice  its  wqght 
of  water,  and  is  oompo^  of 

Meconic  aod,  27  2.7 

Potash,  00  QLO 

Water,  13 

100 

It  is  destroyed  by  heat 

2d,  Meconiate  of  soda.  It  crystallifles  in 
soft  prisms,  is  soluble  in  five  times  its  weight 
of  water,  and  seems  to  effloresce.  It  is  de- 
fttoyed  by  heat»    It  eoiuists  of 
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Acid, 

32 

3.2 

Soda, 

40 

4.0 

Water, 

28 

100 
3<2,  Meooniate  of  ammonia.  It  crystallizes 
in  star.form  needles,  which,  when  sublimed, 
lose  their  water  of  crystallization,  and  assume 
the  shape  of  scales.  The  crystals  are  soluble 
in  1^  their  weight  of  water,  and  are  con^gfjaed 
of 

Acid,  40  2.03 

Ammonia,        42  2.13 

Water,  18 

100 
If  two  parts  of  sal  ammoniac  be  triturated 
with  three  parts  of  meooniate  of  barytes,  and 
heat  be  applied  to  the  mixture,  meconiate  of 
ammonia  sublimes,  and  muriate  of  barytes 
remains. 

4^  Meconiate  of  lime.  It  ciystsllizei  in 
prisms,  and  is  soluble  in  ei^  tiines  its  weight 
of  water.    It  consists  of 

Add,  34  2.882 

Lime,  42  3.600 

Water,  24 

100 

As  the  potash  and  lime  compounds  fliye 
nearly  the  same  acid  ratio,  we  may  take  their 
mean  of  it  as  the  true  prime  =  2.8. 

To  procure  meconiate  of  morphia,  says  Dr. 
Giuseppe  Menecii  reduce  good  opium  to  pow- 
der, put  it  into  a  paper  filter,  and  distilled 
water  to  it,  and  slightly  agitate  it  In  this 
way  wash  it,  till  the  water  passes  through  co- 
lourless ;  then  pass  a  little  diluted  alcohol 
through  it;  dry  the  insoluble  portion  (now 
diminished  to  one  half)  in  a  dark  place ;  digest 
it  when  dry  in  strong  alcohol  for  a  few  mumtes, 
applying  heat ;  separate  the  solution,  which, 
by  ooomig  and  after  evaporation,  will  yield 
well-crystallized  meconiate  of  morphia  of  a 
pale  straw  colour.  Giorn.  di  Firtca,  viiL  218. 

ACID  (MELASSIC).  The  acid  present 
in  mdasses,  which  has  been  thought  a  peculiar 
add  by  some,  by  others,  the  acetic. 

ACID  (MELLITIC).  M.  Elaproth  dis- 
covered  in  the  melilite,  or  honey-stone,  what 
he  conceives  to  be  a  peculiar  acid  of  the  vege- 
table kind,  combined  with  alumina.  This 
add  is  easily  obtained  by  reducing  the  stone  to 
powder,  and  boiling  it  in  about  70  times  its 
wdght  of  water ;  when  the  add  will  dissolve, 
and  may  be  separated  ftom  the  alumina  by 
filtration.  By  evaporating  the  solution,  it  may 
be  obtained  in  the  fonn  of  crystals.  The  foL 
lowing  are  its  characters  :— 

It  crystaUiises  in  fine  needles  or  globules  by 
the  union  of  these,  or  small  prisms.  Its  taate 
is  at  first  a  sweetish-sour,  which  leaves  a  bit- 
teness  behind.  On  a  plate  of  hot  metal  it  is 
readily  decomposed,  and  dissipated  in  copious 


grey  fumes,  which  affect  not  the  smell,  leaving 
behind  a  small  quantity  of  ashes,  that  do  not 
change  either  red  or  blue  tincture  of  litmua. 
Neutralized  by  potash  it  oystallizes  in  groups 
of  long  prisms :  by  soda,  in  cubes,  or  triangu- 
lar laminae,  sometimes  in  groups,  sometimes 
single ;  and  by  ammonia,  in  beautiful  prisma 
wi£  six  planes,  which  soon  lose  thdr  trans- 
parency, and  acquire  a  silvery-white  hue.  If . 
the  mellitic  acid  be  dissolved  in  lime  water, 
and  a  solution  of  calcined  strontian  or  barytes 
be  dropped  into  it,  a  white  predpitate  is 
thrown  down,  which  is  redissolra  on  adding 
muriatic  add.  With  a  solution  of  acetate  of 
barytes,  it  produces  likewise  a  white  predpitate, 
which  nitric  acid  redissolves.  With  soludon  of 
muriate  of  barytes,  it  produces  no  predpitate, 
or  even  doud ;  but  after  standing  some  time^ 
fine  transparent  needly  crystals  are  depodted. 
The  mellitic  add  produces  no  change  in  a  ao- 
lulioD  oi  nitrate  of  silver.  From  a  solution  of 
nitrate  of  mercury,  either  hot  or  cold,  it  throws 
down  a  copious  white  predpitate,  which  an 
addition  of  nitric  add  immediatdy  redissolves. 
With  nitrate  of  iron  it  gives  an  abundant  pre- 
dpitate of  a  dun  ydlow  colour,  whidi  may  be 
r^issolved  by  muriatic  add.  With  a  solo- 
tion  of  acetate  of  lead,  it  produces  an  abun- 
dant predpitate,  immediately  redissolved  on 
adding  nitric  add.  With  acetate  of  coftper,  it 
gives  a  greyish-green  predpitate ;  but  it  does 
not  affect  a  solution  of  muriate  of  copper. 
Lime  water  predpitated  by  it,  is  immediatdy 
redissolved  on  adding  nitric  aad. 

M.  Elaproth  was  never  able  to  convert  this 
add  into  the  oxalic  by  means  of  nitric  add, 
which  only  changed  its  brownish  colour  to  a 
pale  yellow. 

The  meUiU^  or  native  mdlate  of  alumina, 
condsts,  accor&ng  to  Klaproth,  of  46  add  -f 
16  alumina  -f  38  water  =  100 ;  from  which, 
calling  the  prime  of  alumina  2. 25,  that  of  mel- 
litic  add  appears  to  be  6.& 

ACID  (MENISPERMIC).  The  seeds 
of  menUpermum  cocculut  bdng  macerated 
for  24  hours  in  5  times  their  weight  of  water, 
first  cold,  and  then  boilfhg  hot,  yidd  an  in. 
ftidon,  from  which  solution  of  subacetate  of 
lead  throws  down  a  menispermate  of  lead. 
This  is  to  be  washed  and  drained,  difi[lised 
through  water,  and  decomposed  by  a  current 
of  sulphuretted  hydrogen  gas.  The  liquid 
thus  freed  fixim  lead,  is  to  l^  deprived  of  suU 
phuretted  hydrogen  by  heat,  and  then  forms 
solution  of  menispermic  add.  By  repeated 
evaporations  and  solutions  in  alcohol,  it  loses 
its  bitter  taste,  and  becomes  a  purer  add. 
It  occadons  no  predpitate  with  lime  water ; 
with  nitrate  of  barytes  it  yidds  a  grey  pre- 
dpitate ;  with  nitrate  of  silver,  a  deep  yellow  ; 
and  with  sulphate  of  magnesia,  a  copious  pre- 
dpitate. 

M.  J.  L.  Csssseca  has  published  in  the 
30th  volume  of  the  Annaks  de  Chimie  et  do 


ACl 


47 


ACI 


Phy oqae,  a  Meminr  <n  Meniapennuin  Goc- 
cQlhs,  in  wbidi  be  eoma  to  the  following 
eonduskms: — 

1.  That  meDispennk  add  does  not  exist 

2.  That  picxotoxk  does  not  possess  alkaline 
pcopefties^and  oogbt  not  to  be  otHuidered  as  a 
new  Ycg^uMe  »I&Ue  bate,  but  merely  as  a 
pecnliar  bitter  prindpfe,  as  M.  Boullay  bo- 
nouneed  it  in  bis  fint  paper. 

ACID  (AfOLYBDIC).  The  native  sul- 
pfaaiet  of  molybdenum  being  roasted  for  some 
time,  and  disaolTed  in  water  of  ammonia, 
wlien  nitxie  add  is 'added  to  this  solution, 
the  mdlybdic  add  predpitstes  in  fine  white 
scales,  which  become  ydlow  on  mdting  and 
saUiming  them.  It  dianges  the  regetable 
bines  to  red,  bat  less  readily  and  powerfully 
than  the  molybdous  add. 

M.  Bndiok  firand  that  100  parts  of  the 
snlphiiKt  g^Te  90  parts  of  mofvbdic  add. 
In  other  experiments  in  which  he  oxidized 
molybdmum,  he  found  that  100  of  the  metal 
eombiocd  with  from  49  to  60  of  oxygen. 
BetzdzBs,  after  some  vain  attempts  to  analyse 
die  mdybdates  of  lead  and  barytes,  found  that 
the  only  method  of  obtaining  an  exact  result 
wsB  to  farm  a  molybdate  of  lead.  He  dis- 
■oWed  10  parts  of  neutral  nitrate  of  lead  in 
water,  and  poured  an  excess  of  solution  of 
crystajfised  molybdate  of  ammonia  into  the 
hqoid.  The  molybdate  oflead,  washed,  dried, 
and  heated  to  redness,  weighed  11.06&  No 
tiaees  oflead  were  fbund  in  the  liquid  by  sul- 
phale  of  ammonia;  henoe  these  11.068  of 
lead,  evince  67^  per  eent.  of  oxide  of  lead. 
Has  ttlt  then  is  oompoaed  of 

Molybdic  acid,    39.194  9.0 

Oxide  of  lead,      60.806  14.0 


100.000 
And  fiom  Bodudx  we  infer,  that  this  prime 
eqnivakot  9,  consists  of  3  of  oxygen  4-  0  me^ 
tal;  while  mdlybdoas  add  will  be  2  oxygen 
-\-  6  metal  =  &0. 

Molyb^  add  has  a  spedfic  gravity  of 
3.4110.  In  an  open  vessel  it  sublimes  into 
briOisot  yellow  scales ;  900  parts  of  boiling 
water  dinolve  one  of  it,  affording  a  pale  yeOow 
sobtloa,  wliidi  reddens  litmus,  bot  has  no 
taster  Sulphur,  charcoal,  and  several  metals 
deeompase  the  mdlybdie  add.  Molybdate  of 
potash  is  a  colourless  salt  Molybdic  add 
gives,  with  nitrate  of  lead,  a  white  predpitate, 
soiable  in  nitrie  add ;  with  the  nitrates  of 
mercary  and  sOver,  a  while  flaky  predpitate ; 
with  nitrate  of  copper,  a  greenish  predpitate ; 
with  solutions  of  the  neutral  sulphate  of  sine, 
nnniate  cvf  bismuth,  muriate  of  antimony,  ni. 
tiate  of  nickel,  muriates  of  gold  and  platinum, 
it  piodaceft  white  nedpitates.  When  melted 
with  bonx,  it  yields  a  bluish  colour:  and 
paper  fipped  In  its  sdhition  becomes,  in  the 
son,  of  a  beautifnl  bln& 

The  neottal  alkaline  molybdatet  predpitate 
aU  meCaSiie  sdlntiona.  Odd,  muriate  of  mer. 
cny,  liiiG^  and  mangwifiie,  aie  precipitated  h> 


the  fbrm  of  a  white  powder ;  iron  and  thi, 
from  thdr  solutions  in  muriatic  add,  of  a 
brown  colour ;  cobalt,  of  a  rose  colour ;  cop- 
per,  blue;  axid  the  solutions  of  alum  and 
quicklime,  white.  If  a  dilute  solution  of  re- 
cent muriate  of  tin  be  predpitated  by  a  dilute 
solution  of  molybdate  of  potash,  a  beautiM 
blue  powder  is  obtained. 

The  concentrated  sulphuric  add  dissolves  a 
considerable  quantity  of  the  molybdic  add,  the 
solution  becoming  of  a  fine  blue  colour  as  it 
cools,  at  the  same  time  that  it  thickens;  the 
colour  disappears  again  on  the  application  of 
heat,  but  returns  again  by  cooling.  A  strong 
heat  expels  the  sulphuric  add.  The  nitric 
add  has  no  effect  on  it;  but  tiie  muriatic  dis- 
solves it  in  considerable  quantity,  and  leaves  a 
dark  blue  residuum  when  distilled.  With  a 
strong  heat  it  expds  a  portion  of  sulphuric 
add  nom  sulphate  of  potash.  It  also  disen- 
gages  the  add  from  nitre  and  common  salt  by 
distillation.  It  has  some  action  upon  the  filings 
of  the  metals  in  the  moist  way. 

The  molybdic  add  has  not  3ret  been  em- 
ployed in  the  arts. 

ACID  (BfOLYBDOUS).  Thedeutoxide 
of  molybdenum  is  of  a  blue  colour,  and  pos- 
sesses add  properties.  Triturate  2  parts  of 
molybdic  add,  with  1  part  of  the  metal,  along 
with  a  litde  hot  water,  in  a  porcelain  mortar, 
tin  tiie  nuxture  assumes  a  blue  colour.  Digest 
in  10  parts  of  boUine  water,  filter,  and  evm. 
rate  the  liquid  in  a  heat  of  about  120«.  The 
blue  oxide  separates.  It  reddens  vegetable 
Uues,  and  forms  salts  with  the  bases.  Air  or 
water,  when  left  for  some  time  to  act  on  mo- 
lybdenum, converts  it  into  tills  acid.  It  con- 
sists of  about  100  metal  to  34  oxygen. 

ACID  (MOROXYLIC).  In  tiie  botanic 
garden  at  Palermo,  Mr.  Thompson  found  an 
uncommon  saline  substance  on  tiie  trunk  of  a 
white  mulbenry  tree.  It  appeared  as  a  coating 
on  the  surfhce  of  the  bark  m  little  granulous 
drops  of  a  yellowish  and  blackish-brown  co^ 
lour,  and  had  likewise  penetrated  its  substance. 
M.  Klaproth,  v^o  analysed  it,  found  that  its 
taste  was  somewhat  like  that  of  succinic  add ; 
on  burning  coals  it  swelled  up  a  little,  emitted 
a  pungent  vapour  scarcdy  insible  to  the  eye, 
and  1^  a  slight  eartiiy  residuum.  Six  hun- 
dred grams  of  the  bsrk  loaded  with  it  were 
lixiviated  with  water,  and  affbrded  320  grains 
of  a  light  salt,  resembling  in  colour  a  light 
wood,  and  composed  of  uiort  needles  united 
in  radii.  It  was  not  deliquescent ;  and  though 
the  crystals  did  not  form  tiQ  the  solution  was 
gready  condensed  by  evaporation,  it  is  not 
very  soluble,  since  1000  parts  of  water  dissolve 
but  36  with  heat,  and  16  m  tiie  cold. 

This  salt  was  found  to  be  a  compound  of 
Hme  and  a  peculiar  vegetable  add,  with  some 
extractive  matter. 

To  obtain  the  add  separate,  M>  Klaprotii 
decomposed  the  calcareous  salt  by  acetate  of 
Ind,  and  separated  the  lead  by  sulphuric  add. 
He  likewise  decomposed  it  direetly  by  sol- 
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phuiic  add.  The  product  wan  stiU  man  like 
joodnic  acid  in  taste;  was  not  deliquesoeDt; 
easily  dissolved  both  in  water  and  aloohol; 
and  did  not  precipitate  the  metallic  solutions, 
as  it  did  in  combination  with  limOi  Twen^ 
gEsins  sbeing  slightly  heated  in  a  small  g^ass 
retort,  a  number  of  drops  of  an  add  liquor  first 
came  over;  next  a  concrete  salt  arose,  that 
adhend  flat  against  the  top  and  part  of  the 
neck  of  the  retort  in  the  form  of  prismalie 
crystals,  colourless  and  transparent;  and  a 
ooialv  rodduum  remained.  The  add  was  tfaen 
washed  out,  and  crystallized  by  spontaneous 
evaporation.— Thus  sublunatioo  appears  to  be 
the  best  mode  of  purifying  the  salt,  but  it  ad- 
hered too  strongly  to  the  lime  to  be  separated 
&om  it  directly  by  heat  without  bdng  deooio- 
posed. 

Not  having  a  sufBdent  quantity  to  deter- 
mine its  specific  characters,  though  he  con- 
caves it  to  be  a  peculiar  add,  coming  nearest 
to  the  succinic  both  in  taste  and  other  qualities, 
M.  Klaproth  has  provisionally  siven  it  the 
name  of  moroxylic^  and  the  cwareous  salt 
containing  it  that  of  moroxylate  o£  lime. 

ACID  (MUCIC).  This  add  has  been 
senesslly  known  by  the  name  of  taeeholactk^ 
because  it  was  first  obtained  from  sugar  of 
milk;  but  as  all  the  sums  appear  to  afford  it, 
and  the  principal  add  in  sugar  of  milk  is  the 
oxalic,  cnemists  in  general  now  distinguish  it 
by  the  name  of  mucic  add. 

It  was  discovered  by  Schede.  Having 
noured  twelve  ounces  of  diluted  nitric  add  on 
four  ounces  of  powdered  sugar  of  milk  in  a 
glass  retort  on  a  sand  bath,  the  mixture  be- 
came gradually  hot,  and  at  length  effervesced 
violently,  and  condhued  to  do  so  ibr  a  con- 
siderable tune  after  the  retort  was  t^ken  from 
the  fire.  It  is  necessary  thoefore  to  use  a 
laioe  retort,  and  not  to  lute  the  reodver  too 
titfbt  The  efevesoence  having  nearly  sub- 
sided, the  retort  was  again  placet  on  tlie  sand 
heat,  and  the  nitric  add  distilled  off,  tiU  tht 
mass  had  acquired  a  yellowish  odloor.  This 
exhibition  no  acystals.  dg^t  ounces  mora  of  tht 
same  add  were  added,  «id  the  distillation  le* 
|>eated,  till  the  yellow  colour  of  the  fluid  dis* 
i^peared.  Am  the  fluid  was  inspissatsd  by 
cooling,  it  was  redissolved  in  eight  ounces  of 
water,  and  filtered.  The  filtered  liquor  hdd 
oxalic  add  in  solution,  and  seven  dnnns  snd  • 
naif  of  white  powder  remained  on  the  filter^ 
This  powder  was  the  add  under  consideration. 

If  one  part  of  gum  be  heated  gently  with 
two  of  nitric  add,  till  a  small  quantity  of  nl« 
tiQus  gas  and  of  carbonic  add  Is  disengaged^ 
tbe  diflMlved  mass  will  depodt  on  codl£g  (ho 
mudc  add.  Aooording  to  Fourcroy  and  van- 
qudin,  different  gums  yidd  from  14  to  26 
hundredths  of  this  add. 

This  pulverulent  add  is  soluble  in  about  60 
parte  of  hot  water,  and  by  cooling,  a  fourth 
part  sspuates  in  small  shining  soOes,  that 
ffow  white  in  the  air.  It  deoompoass  the 
imirialeofbaiyles,  and  both  the  nitnrto  and 


nntiate  of  lime.  It  acts  veiy  little  <n  the 
metals,  but  forms  with  their  oxides  sslts 
scarcely  soluble.  It  pndpitates  the  nitntei 
of  silver,  lead,  and  mcKunr.  Widinotaahit 
fbtms  a  salt  soluble  in  cig^t  parts  of  boiliiig 
water,  and  crystallisaUe  by  cooling.  That  of 
soda  requires  but  five  parts  of  water,  and  is 
equaDy  aystaUixsUeb  Bodi  these  salts  sie 
still  more  soluble  when  the  ; 


add  is  in4 

That  of  ammonia  is  deprived  of  its  ban  by 
heat.  The  saltt  of  borytes,  lime,  and  ms^ 
ncsia,  are  nooly  inscdnUe. 

Mudc  or  saccholactic  add  has  been  ana- 
lysed recently  with  nmdi  care: 

HydxogBKk'    Gaibon*  Oxygen. 
Byliussac     8.69  +33.09  -HB-69  =10® 
Bersdins,  M06+33.430+61.4«=100 

From  saclactatf  of  lead,  Bcndins  has  in- 
ferred the  prime  equivalent  of  die  add  to  be 
13.1. 

ACID  (MUBIATICX  the  Hydro- 
CHLORIC  of  the  French  dunnists.  Let  6  parts 
of  pure  and  well  dried  sea  salt  be  put  into  s 
glass  retort,  to  the  beak  of  which  is  luted,  in 
a  horisontal  direction,  a  long  glsss  tube  arti- 
ficially refrigerated,  and  containing  a  quantity 
of  ignited  muriate  of  lime.  Upon  the  salt 
pour  at  intervals  6  parts  of  concentrated  oil 
of  vitriol,  through  a  syphon  frumd,  fixed  air- 
tight, in  the  tubnlure  of  the  retort  The  free 
end  of  the  long  tube  being  recurved,  so  as  to 
dip  into  the  mercury  of  a  pneumatic  trough,  a 
gas  will  issue,  which  on  coming  in  contact 
with  the  air,  will  form  a  visible  doud,  or 
haze,  presenting,  when  viewed  in  a  vivid 
light,  prismatic  colours.  This  gas  is  muriatic 
add. 

When  recdved  in  glass  jars  over  dry  mer- 
cuiy,  it  ii  invisible,  and  posseases  sU  the  me- 
distnical  properties  of  air.  Its  odour  is  pun- 
gent and  pecaliar.  Its  taste  add  and  oorro- 
dve.  Its  specific  sravity,  acooniing  to  Sir 
H.  Davy,  is  sadi,  that  100  cubic  indies  wd^ 
39  srains,  while  by  estimation,  he  says,  they 
ought  to  be  3&4  gr.  By  the  latter  number 
the  specific  ^vity,  compared  to  ahr,  becomes 
1.SA90.  By  the  Ibnner  number  the  density 
cornea  out  1.2800.  M.  Gay  Lnssac  atates  the 
sp.  gr.  at  1.8780.  Sir  H.'s  seoond  numbec 
makes  ibe  prime  equivalent  of  dUorine  4.43, 
vhicfa  eomes  near  tfi  Bcndius's  latest  result; 
while  his  first  number  makes  it  4.48.  (See 
CHLomiKS).  As  the  attraction  of  muriatic 
add  gas  for  hygrometric  water  is  very  strong, 
it  is  very  piobable  that  38.4  gts.  may  be  the 
move  exact  weight  of  100  cubic  inches,  regard- 
ing the  same  bulk  of  air  as  =  30.S.  (Seethe 
t|d)le  of  Oases.)  If  an  inflamed  taper  be  im- 
mersed in  it,  it  is  instantly  extinguished.  It 
is  destructive  of  animal  life;  but  die  iailation 
produced  by  it  on  the  epiglottis  soarody  per- 
mits its  descent  into  tihe  lung&  It  is  mody 
changed  in  bulk  by  alteratians  of  temperature ; 
it  expcrienees  no  ^angeof  stat& 

By  sealing  up  muriate  of  simnonia  and  suL 
phnric  add  in  a  strong  ^fam  tnbe  reonrved. 
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ttd  onuing  them  to  act  cm  each  otfaer.  Sir  H. 
SkTjpfoeuredliqiiidinuri&tieacid.  HejusUy 
abterres,  that  the  getieradOD  of  elastic  sub- 
stances ID  dfise  vessels,  either  with  or  without 
bat,  ofien  mocfa  more  |iowerfu]  means  of  ap* 
proiiniatiDg  their  tDoIecules  than  those  depend* 
ent  OQ  the  application  of  cold,  whether  natural 
flr  artificial ;  for  as  gases  diminish  only  -^  in 
volume  for  eray  degree  of  Fahrenheit*s  scale 
beg^DHig  St  oidioary  temperature,  a  very 
ahght  cmdeoastion  only  can  be  produced  by  the 
mostpovcAiI  freezing  mixtures,  not  half  as 
msdi  as  vould  result  from  the  application  of 
a  stiQog  flame  to  one  part  of  a  glass  tube,  the 
otixr  part  being  of  onunary  temperature:  and 
vbcn  attempts  axe  made  to  oondaise  gases  into 
fiqoids  by  sodden  mechanical  compression,  the 
heat  instantly  generated  presents  a  formidable 
obstade  to  the  success  of  the  experiment; 
vboeasin  the  oompression  resulting  from  their 
slow  generatioD  in  cloae  vessels,  if  the  process 
be  oooducted  with  common  precautions,  there 
is  00  source  of  difficulty  or  danger ;  and  it  may 
be  easily  assisted  by  artificial  ctild  in  cases 
wfaoe  gases  approach  near  to  that  point  of 
nnnpfwioo  and  temperature  at  which  they 
beoome  vapours.    J^ML  Trans.  \S2S. 

Wbcn  potassiran,  tin,  or  sine,  is  heated  in 
amfcact  with  this  gas  over  mercury,  one-half 
of  the  volmce  disappears,  and  the  remainder 
»  pare  hydrogen-  On  examining  the  solid 
le^dne,  it  is  found  to  be  a  metallic  chloride. 
Hesce  muriatic  add  gas  consists  of  chlorine 
lodlndRigen,  onited  in  equal  volumes.  This 
nev  of  its  nature  was  originally  given  by 
Sdiede,  though  obacared  by  terms  derived 
from  the  vague  and  viaionary  hypothesis  of 
pli^istan.  The  French  school  aftei^Mds 
irttiodttced  the  belief  that  muriatic  addgas 
vist  compoond  of  an  unknown  radical  and 
•ttr;  sod  that  dilorine  consisted  of  this  ra- 
&d  and  oxygen.  Sir  H.  Davy  has  the  di- 
i^iBgaiahed  ^jiary  of  xefiiting  that  hypothesia, 
ud  of  proving  by  deaaive  experiments,  that 
io  the  present  slate  of  our  knowledge,  chlorine 
Dniat  be  icgaided  as  a  simple  substance ;  and 
muiiatic  add  gas  aa  a  compound  of  it  with 
hydn^geo. 

Tloi  gUMos  add  unites  rapidly,  and  in 
laqp  qnshtity,  with  water.     The  fbDowing 
table  af  its  aqueous  combinations  was  con- 
Mncied  sfter  experiments  .made  by  Mr.  £. 
Davy,  is  the  labontory  of  the  Royal  Insti- 
fiaioB,  Older  the  inspection  of  Sir  H.  Davy. 
% 
At  tsmpsmtmci  45«,  baxometer  30. 
iMpomofsokuien 

ef  Dnnatic  gas  in  Of  muriatic  add 

*Bt<r?  of Bpedne  gra-  gas,  parts. 

Tiiy 

1.31  contain          42.43 

1.20  40.80 

L19  Sa38 

l.l?  34.34 

U6  33.32 

1.15  30l30 


1.14          contain           28.28 

1.13 

2a26 

1.12 

2424 

1.11 

22.30 

1.10 

90.90 

1.09 

1&18 

1.08 

18.10 

1.07 

14.14 

1.06 

12.12 

1.05 

10.10 

1.04 

&08 

1.03 

6.06 

1.02 

4.04 

1.01 

.2.02 

At  the  temperature  of  40*  Fahrenheit,  water 
absorbs  about  480  times  its  bulk  of  gas,  and 
forms  solution  of  muriatic  add  gas  in  water, 
the  spedfic  gravity  of  which  is  1.2109 — Sir 
H.  Davtfi  Eletntntt. 

In  the  Annals  of  Philosophy  for  October 
and  November,  1817)  there  are  two  papers  on 
the  constitution  of  liquid  muriatic  acid,  with 
tables,  by  myself,  which  coindde  nearly  with 
the  preceding  results.  They  were  founded  on 
a  great  number  of  experiments  carefully  per- 
formed,  which  are  detailed  in  the  October  num. 
her.  In  mixing  strong  liquid  add  with  water, 
I  found  that  some  heat  is  evolved,  and  a  small 
condensation  of  volume  is  experienced,  con- 
trary to  the  observation  of  Mr.  Kirwan.  Hence 
this  acid  forms  no  longer  an  exception,  as  that 
eminent  chemist  taught,  to  the  general  law  of 
condensation  of  volume  which  liquid  acids 
obey  in  their  progressive  dilutions.  Hitherto, 
indeed,  many  chemists  have,  without  due  con- 
sideration, assumed  the  half  sum  or  arithme- 
tical mean  of  two  spedfic  gravities,  to  be  the 
truly  computed  mean ;  and  on  comparing  the 
number  thiis  obtained  with  that  derived  fimn 
experiment,  they  have  inferred  the  change  of 
volume  occasioned  by  chemical  combination. 
The  errors  into  which  this  false  mode  of  com. 
putation  leads  are  excessively  great,  when  the 
two  bodies  differ  considerably  hi  thdr  specific 
gravities.  A  view  of  these  erroneous  results 
was  given  in  my  third  table  of  sulphuric  acid, 
published  in  the  7th  number  of  the  Journal  of 
Bdences  and  the  Arta,  and  reprinted  in  this  Die 
tionary,  article  Specific  Ghavity.  When, 
however,  the  two  specific  gravities  do  not  differ 
much,  the  errors  become  less  remarkable.  It 
is  a  singular  hicX^  that  the  arithmetical  mean, 
which  is  always  greater  than  the  rightly  com* 
puled  mean  specific  gravity,  given,  in  the  case 
of  liquid  muriatic  add,  an  error  in  excess,  very 
nearly  equal  to  the  actual  increase  qf  density. 
The  curious  coinddence  thus  aoddentally  pro- 
duced, between  accurate  experiments  and  a  false 
mode  of  calculation,  is  very  instructive,  and 
ought  to  lead  diemists  to  verify  every  anoma- 
lous phenomenon,  by  independent  modes  of 
reaeardi.  Had  Mr.  Kirwan,  for  example,  put 
into  a  nicely  graduated  tube  50  measures  of 
strong  muriatic  add,  and  poured  gently  over 
it  50  measures  of  water,  he  would  nave  found 
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after  ag^tion,  and  coding  the  mixture  to  its 
fonner  temperature,  that  there  was  a  derided 
diminutiop  of  volume,  as  I  experimentally  as- 
certained* 

Having  had  occasion  more  lately  to  subject 
muriatic  add,  in  difierent  states  of  dilution, 
to  a  very  rigorous  examinationi  I  perceived 


■man  deviatioos  in  the  new  nsults  from  m j 
fonaet  tabular  quantities,  which  induced  me 
to  revise  the  whole  with  the  greatest  possible 
care,  both  in  experiment  and  calculation.  The 
following  Table  I  Ijelieve  to  approadi  very 
near  to  Sie  truth : 


NEW  TABLE  of  Muriatic  Acid,  5y 

DiuUre. 

Add 

Specific 

Chlo- 

Muriatic 

Acid 

Specific 

Chlo. 

Muriati( 

Acid 
on.30 
inioo. 

Spedflc 

Chlo- 

Matiatlc 

ofl.SO 
inKW. 

100 

gravity. 

Fine. 

Gas. 

ori.2o 
in  100. 

gravity. 

rise. 

Gas. 

gravity. 

rine. 

Gas. 

1.2000 

39.676 

40.777 

66 

1.1328 

2ai86 

2adi3 

32 

L0637 

12.697 

ia049 

99 

1.1982 

39.278 

40.369 

66 

1.1308 

26.789 

2a606 

31 

1.0617 

12.300 

12.641 

98 

1.1964 

3a882 

39.961 

64 

1.1287 

26.392 

26.098 

30 

1.0607 

11.903 

12.233 

97 

M946 

3a486 

39.664 

63 

1.1267 

24.996 

26.690 

29 

1.0677 

11.606 

11.826 

96 

1.1928 

3a089 

39.146 

62 

1.1247 

24.699 

26.282 

28 

1.0667 

11.109 

11.418 

96 

1.1910 

37692 

38.738 

61 

1.1226 

24.202 

24.874 

27 

1.0637 

ia712 

11.010 

94 

1.1893 

37.296 

38.330 

60 

1.1206 

23.806 

24.466 

26 

1.0617 

10.316 

10.602 

93 

1.1878 

3&900 

37.923 

69 

1.1186 

23.408 

24.068 

26 

1.0497 

9.919 

iai94 

92 

1.1867 

36.603 

37.616 

68 

1.1164 

2a012 

23.660 

24 

1.0477 

9.622 

9.786 

91 

1.1846 

36.107 

37.108 

67 

1.1143 

22.616 

23.242 

23 

1.0467 

9.126 

9.379 

90 

1.1822 

36.707 

36.700 

66 

1.1123 

22.218 

22.834 

22 

1.0437 

a729 

a971 

89 

1.1802 

36.310 

36.292 

66 

1.1102 

21.822 

22.426 

21 

1.0417 

a332 

a563 

88 

1.1782 

34.913 

36.884 

64 

1.1082 

21.426 

22.019 

20 

1.0397 

7936 

a  156 

87 

1.1762  34.617 

36.476 

63 

1.1061 

21.028 

21.611 

19 

1.0377 

7.638 

7747 

86 

1.1741 

34.121 

36.068 

62 

1.1041 

20.632 

21.203 

18 

1.0367 

7.141 

7340 

86 

1.1721 

33.724 

34.660 

61 

1.1020 

20.236 

20.796 

17 

1.0387 

&746 

a932 

84 

1.1701 

33.328 

34.262 

60 

1.1000 

19.837 

20.388 

16 

1.0318 

a348 

&524 

83 

1.1681 

32.931 

33.846 

49 

1.0980 

19.440 

19.980 

16 

1.0298 

a96l 

aii6 

82 

1.1661 

32.636 

33.437 

48 

1.0960 

19.044 

19.672 

14 

1.9279 

6.664 

6.709 

81 

1.1641 

32.136 

3a029 

47 

1.0939 

ia647 

19.166 

13 

1.0269 

ai68 

5.301 

80 

1.1620 

31.746 

32.621 

46 

1.0919 

ia260 

18.767 

12 

1.0239 

4.762 

4.893 

79 

1.1699 

31.343 

32.213 

46 

1.0899 

17864 

ia349 

11 

1.0220 

4.365 

4.486 

78 

1.1678 

30.946 

31.806 

44 

1.0879 

17.467 

17941 

10 

1.0200 

a968 

4.078 

77 

1.1667 

30.660 

31.898 

43 

1.0869 

17.060 

17.634 

9 

1.0180 

a671 

a670 

76 

1.1636 

30.163 

30.990 

42 

1.0838 

ia664 

17.126 

8 

1.0160 

ai74 

a262 

76 

1.1616 

29.767 

30.682 

41 

1.0818 

ia267 

ia7I8 

7 

1.0140 

2.778 

2.854 

74 

1.1494 

29.361 

30.174 

40 

1.0798 

16.870 

ia3io 

6 

1.0120 

2.381 

2.447 

73 

1.1473 

2&964 

29.767 

39 

1.0778 

16.474 

16.902 

6 

1.0100 

1.984 

2.080 

72 

1.1462 

2a667 

29.369 

38 

1.0768 

16.077 

16.494 

4 

1.0080 

1.688 

1.631 

71 

1.1431 

2ai7i 

2a951 

37 

1.0738 

14.680 

ia087 

3 

1.0060 

1.191 

1.224 

70 

1.1410 

27772 

2a644 

36 

1.0718 

14.284 

14.679 

2 

1.0040 

0.796 

0.816 

69 

1.1389 

27.376 

2a  136 

36 

1.0697 

ia887 

14.271 

1 

1.0020 

0.397 

0.406 

68 

1.1369 

2^979 

27.728 

34 

1.0677 

ia490 

ia863 

67 

1.13^ 

26.683 

27.321 

33 

1.0667 

iao»4 

ia466 

1 

. 

At  die  density  1.199,  Mr.  Dalton's  table  • 
has  25.6  per  cent,  of  real  muriatic  acid  by 
weight,  equivalent  to  only  32.9  chlorine,  in. 
ttead  of  39.47,  which  I  believe  to  be  die  exact 
value.  If  we  term  the  ooneet  anantity  100« 
then  Mr.  Dalton*s  number  would  be  OBiy  83 1 
which  is  no  less  than  17  per  cent  of  defect 
from  the  truth.  I  have  purposely  omitted  hi 
this  new  table  the  column  of  dry,  or,  as  it  was 
also  called,  real  muriatic  add  (  first,  because 
there  is  no  evidence  at  present  of  die  existence 
of  anv  such  body;  and  secondly,  because, 
though  it  was  a  convenient  colamn  for  finding 
hy  inspection  the  increase  of  weight  which  any 
salifiable  base  would  acquire  by  saturation  with 

*  New  System  of  Chemical  Philosophy,  tL 
p.  295.  *^' 


the  liquid  add,  yet  that  ooovenisnoe  may  be 
obtained  by  the  following  simple  calcnlatiML 
Since  the  prime  eouivalnt  of  chlorine  is  to 
that  of  the  supposed  dry  mniiatic  add  hi  die 
ratio  of  46  to  36,  ot  9  to  7$  if  we  mnldply  the 
number  opposite  to  die  given  specific  mvi^r, 
in  die  dilorine  column,  by  %  and  divide  by  7* 
we  shall  have  die  relative  qandty  of  tfae/r- 
abie  muriatic  add.— Jbvm.  qfScietteey  xiL  26?. 
From  the  curious  coinddenoe  above  nodoed, 
we  derive  a  venr  sinmle  rule  for  finding  the 
approximate  value  of  diknine  in  the  uqnid 
add  at  any  density.  Muldply  the  decunal 
part  of  the  number  repiesentii^  the  specific 
gravity  by  200,  the  product  will  be  the  chlo- 
rine  present  in  100  parts.  Thus,  the  specific 
gravity  is  1.0437,  what  is  the  quandty  per 
cent  of  ddocine  ?  0.0437  X  200  =  9,74.  Now 
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cbetdmltf  namber  Is &.7!&l.  Tb« tp.  mvity 
bdD%  1.0&9*  ^rliat  is  tbe  value  of  the  dblorine 
ii  100  parts  ?  0.059  X  200  =  11.&  The  toble 
has  11.9.  Tofwards  the  headofdieubledm 
mle  gives  s^g^tenor  in  eKoeM;  aadtowsitlt 
the  foot  an  v^uSlj  dkfat  orar  in  defect,  hut 
tbe  appiofzunsftian  is  amp  good  eoou^  for 
ordinary  pnctke,  addom  amonntiDg  to  ooa- 
half  per  cent.  If  to  the  munber  thus  found 
ior  ^ikcine  we  add  ^  part,  tbe  sum  »  the 
coareapsBdny  weight  of  rauKMlic  add  gas. 

We  have  aen  it  atated,  that  water,  in  ab- 
jorfaing  4110  times  its  bulk  of  the  add  gas,  be- 
comeaofspedfic^sTitf  1.2109.  If  we  com- 
pete fion  tfaeae  dola  the  increaae  of  its  friiMr, 
we  ahall  find  it  equal  to  1.42,  or  nearly  one 
and  a  half  the  volune  of  the  water.  481  parte 
oeeapy  only  1.42  in  bulk,  a  oondeosation  of 
about  340  into  oie.  The  oooasquenoe  of  this 
approxiinacianof  thepartides  ia  the  evdution 
€£  their  lattnt  beat;  and  aooidingly  the  best 
produced  in  the  condensation  of  the  gas  is  so 
great,  that  itmelts  ice  almost  as  rapidly  as  the 
steam  of  boiliiig  water  does.  Hence  also  in 
pas  ling  Che  gas  ftom  the  beak  of  a  setort  into 
a  Wool&*a  appacatos  oontsining  water  to  be 
impRgnsfeed,  it  ia  neoessazy  to  sonound  tbe 
bottles  irith  cold  water  or  ice,  if  we  wish  a  con- 


By  muting  the  base  of  this  gas  with  silTer, 
and  also  with  potaadum,  Beiwlns  determined 
the  prime  equivalent  of  muriatic  acid  to  be 
3b4261,  whence  chlorine  conKs  out  4.4261, 
and  mnaatk  gaa  4.4261  +0.126  (the  prime 
of  hydsogen)  =  4.6611.  But  if  we  take  1.2847 
as  the  ^adftc  gcsvity  of  this  add  gas,  then  the 
spediic  gravity  of  cUcrine  will  be  twice  that 
number,  mimmt  the  specific  gmvity  of  hydrogen, 
or(L2847x2>-a0694=:2.6;  andas(£]o. 
line  sad  hydrogen  unite  volume  to  vdume, 
thai  the  selataoo  of  the  prime  of  chlorine  will 

2.6 
beta  that  of  hydrwen  =  r-r^rr:  =36.  If  we 

^    ^  0.0694 

ifivide  this  by  8,  we  shall  have  4.6  to  repre- 
sent die  prime  equiralent  of  chlorine,  and 
4.5  +  0.126  IT  4625  for  that  of  muriatic 
•cidgm. 

Affsiatic  seid,  ftom  its  oompodtion,  has 
been  termed  by  M.  Gay  Lnssac  the  hydro, 
dilofic  add;  a  name  objected  to  on  good 
gromnds  by  Sir  H.  Davy.  It  was  pre^ured 
by  the  oUcr  chemists  in  a  very  rude 
end  was  called  by  diem  spirit  of  salt. 

Bf  oriatie  was  andently  extracted  from  com- 
mon sslt,  byignitlagamixtuieofitandsoft 
thy  kneaded  op 


6ir  fl.  Davy  ftst  gave  the  |ust  ezpbmation 
ef  dus  decomposition.  Common  sdt  is  a 
cMupeund  of  sodium  and  chlorine.  The  so- 
dfami  may  be  eonedved  to  combine  widi  the 
oxygen  of  die  water  hi  the  earth,  and  with  the 
earth  itad^  to  form  a  vitieoua  compound ;  and 
tbe  dtlorine  to  unite  wHh  llie  hydrogen  of  the 
water,  fonmi^ muriaticasid  gas.  ^^  It isaho 
evy,**  adds  h^  «« accoidisg  to  dieae  new  ideas, 


to  explain  the  deoompodtion  of  sdt  by  mdsu 
ened  lithaige,  die  theory  of  which  has  so  much 
perplexed  the  most  scute  ohemiita.  It  msy 
be  concdvsd  to  be  sn  inotsnce  of  compound 
sffinity;  the  chlorine  is  attracted  by  Uie  lead, 
and  the  sodium  combines  with  the  oxvgen  of 
die  litharge,  and  with  water,  to  form  hydrate 
of  soda,  which  gradually  attracti  carbonic  add 
from  the  dr.  When  common  sdt  is  decom* 
posed  by  oil  of  vitriol,  it  wss  usual  to  explain 
the  phenomenon  by  sayine,  that  the  ackl  by 
ita  superior  affinity,  dded  by  heat,  expeUod 
the  0^,  and  united  to  the  soda.  Butasneidicr 
moriatic  add  nor  soda  exists  in  common  sdt,. 
we  must  now  modify  the  explsnation,  by  say- 
ing that  the  water  of  the  oil  of  vitriol  is  first 
decomposed,  its  oxygen  unites  to  the  sodium 
to  form  soda,  which  is  seixed  on  by  the  sul- 
phuric add,  whils  the  chloiioe  combines  with 
the  liydrogen  of  the  water,  and  exhdes  in  die 
form  of  muriatic  add  gas.** 

As  100  parts  of  dry  sea  salt  are  capable  of 
yielding  62  ports  by  weight  of  muriatic  add 
gas,  thme  oi^lht  to  afford,  by  eoonomicd  ms- 
nagonent,  needy  221  parts  of  liquid  add, 
nedfic  gravity  1.142,  as  prescribed  by  tbe 
Ijondon  College,  or  200  parts  of  add  sp.  ^. 
1.160,  as  directed  by  the  Bdinburgh  and 
Dublin  Pharmacppodas. 

The  fluid  ounce  of  the  London  Cdl^ 
being  ^^  of  a  wine  pint,  ia  eqnd  in  weight  to 
1 .266817  lbs.  Troy  divided  by  16,  which  gives 
453.7  grains  Troy.  This  weight  mnltipUad 
by  1.142  =  the  sperific  gravity  of  didr  stand- 
ard add,  gives  the  product  620.4 ;  which  being 
multiplied  by  0.2^4,  the  muriatic  gas  in  1.00 
by  my  table,  we  have  149.66  for  the  add  gas 
in  the  liquid  ounce  of  the  above  dendty.  We 
find  this  quantity  equivalent  to  203  gr.  of  car- 
bonate  of  lime.  When  this  add  is  oontsmi- 
nated  with  sulphuric  add,  it  afibrds  predpi- 
tates  with  muriates  of  barytes  and  strontites. 

The  English  manufacturen  use  iron  stills 
for  this  distiUation,  wiUi  earthen  heads. 

The  muriates,  when  hi  a  state  of  drynoi, 
are  actually  chlorides,  consisting  of  chlorine 
and  the  metd  $  yet  they  may  be  oonveniendy 
treated  of  under  the  title  muriates. 

The  muriate  of  barytes  crystallizes  m  tables 
bevelled  at  the  edges,  or  hi  octaedrd  pyramids 
applied  base  to  base.  It  is  soluble  hi  five  parts 
of  water  at  60*,  hi  stiH  less  at  a  boiling  heat, 
and  also  in  alcohd.  It  is  not  dtered  in  the 
air,  and  but  purtiy  decomposable  by  heaU 
The  sidphuric  add  separates  its  base;  and  the 
dkaline  carbonates  and  sulphates  decompose 
it  by  double  affinity.  It  is  best  prepared  hj 
dissolving  the  carbonate  in  dilate  muriatic 
add ;  and  if  contamhiated  with  iron  or  lead, 
which  occadooaUy  happens,  these  may  be  ^ 
separated  by  die  addition  of  a  small  quantity 
of  liquid  ammonia,  or  by  boiling  and  stirring 
the  solution  with  a  little  barytes.  Mr.  OoetU 
ling  recommends  to  prepare  it  ftom  the  sul- 
phate of  barytes ;  ei^t  parts  of  which  in  fine 
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powder  are  to  be  mixed  vidi  two  of  muriatx; 
o£  soda,  and  one  of  charcoal  powder.  This  is 
to  be  pressed  bard  into  a  Hesdan  crucible,  and 
exposed  for  an  hoar  and  a  half  to  a  red  heat 
in  a  wind  iiimace.  The  cold  man,  being 
powdered,  is  to  be  boiled  a  minute  or  two  in 
sixteen  parts  of  water,  and  then  filtered.  To 
this  liquor  muriatic  acid  is  to  be  added  by 
little  and  little,  tiU  sulphuretted  hydrogen 
ceases  to  be  evolved ;  it  is  then  to  be  filtered, 
a  little  hot  water  to  be  poured  on  the  residuum, 
the  liquor  evaporated  to  a  pellide,  filtered 
again,  'and  then  set  to  crystallize.  As  the 
muriate  of  soda  is  much  more  soluble  than 
the  muriate  of  barytes,  and  does  not  separate 
by  cooling,  the  muriate  of  barytes  will  cry- 
stallize into  a  perfectly  white  salt,  and  leave 
the  muriate  of  soda  in  the  mother  water,  which 
may  be  evaporated  repeatedly  till  no  more  mu- 
riate  of  barytes  is  obtained.  This  salt  was 
first  employed  in  medicine  by  Dr.  Crawford, 
chiefly  in  scrofulous  complakits  and  cancer, 
beginning  with  doses  of  a  few  drops  of  the  sa- 
turatod  solution  twice  a-day,  and  increasing  it 
gradually,  as  far  as  forty  or  fifly  drops  in  some 
mstanoes.  In  laige  doses  it  excites  nausea, 
and  has  deleterious  effects.  As  a  test  of  sul- 
phuric add  it  is  of  great  use. 

Mr.  Phillips  states  the  composition  of  the 
oystals  to  be  an  atom  chloride  of  banum  -|-  2 
atoms  water. 

The  muriate  of  potash,  formerly  known  by 
the  names  o(  febrifuge  taU  of  Sylvius,  cry- 
stallizes in  regular  cubes,  or  in  rectangular 
panllelopipedoDS ;  decrepitating  on  the  fire. 
Their  taste  is  saline  and  bitter.  They  are 
soluble  in  thrice  then-  weight  of  cold  water, 
and  in  but  little  less  of  boiling  water,  so  as  to 
require  spontaneous  evaporation  for  crystalliz- 
ing.  Fourcroy  recommends,  to  cover  the  ves- 
'  ad  with  gauze,  and  suspend  hairs  in  it,  for 
the  purpose  of  obtainmg  regular  crystals. 

It  is  sometimes  prepared  in  decomposing  sea 
salt  by  common  potasli  for  the  purpose  of  ob- 
taming  soda;  and  may  be  formed  by  the  di- 
rect combination  of  its  constituent  parts. 

Muriate  of  soda,  or  common  salt,  is  of  con- 
siderable  use  in  the  arts,  as  well  as  a  necessary 
ingredient  in  our  food.  It  crystallizes  in  cubes, 
which  are  sometimes  grouped  together  in  va- 
rious ways,  and  not  unfroquently  form  hoUow 
quadrangulaz  pyramids.  In  the  fire  it  de- 
crepiutes,  mdts,  and  is  at  length  volatilized. 
.  When  pure  it  is  not  deliquesceat.  One  part 
is  soluble  in  2}  of  cold  water,  and  in  little  less 
of  hot,  so  that  it  cannot  be  crystalUxed  but  by 
evaporation. 

Common  salt  is  found  in  large  massn,  or 
in  rocks  under  the  earth,  in  Engknd  and  else- 
where. In  the  solid  form  it  is  called  sal  gem^ 
or  rock  toll.  This  rock  salt  is  never  us^  on 
our  tables  in  its  crude  state,  as  the  Polish  rock 
salt  is. 

^  The  waters  of  the  ooean  everywheie  abound 
with  common  salt,  though  in  different  propor- 
tions.  .The  water  of  the  Baltic  sea  is  said  to 


contain  one  fixty-fomrth  of  its  wei^t  of  salt ; 
that  of  the  sea  between  England  and  Flanders 
contains  one  thirty-seoond  part ;  and  that  on 
the  coast  of  Spain  one  sixteenth  part 

The  whole  art  of  extracting  salt  from  wmten 
which  contain  it  oonsiste  in  evaporating  the 
water  in  the  cheapest  and  most  oonTenieDt 
manner. 

There  is  no  difference  between  this  salt  and 
the  lake  salt  extracted  ftom  different  lakes, 
excepting  such  as  may  be  occasioned  by  the 
casual  intervention  of  some  substances. 

At  several  places  in  Germany,  and  at  MonU 
marot  in  France,  the  waters  of  salt  springs  ate 
pumped  up  to  a  large  reservoir  at  the  top  of  s 
building  or  shed;  firom  which  it  drops  or 
trickles  through  small  apertures  upon  boards 
covered  with  brushwood.  The  large  surface 
of  the  water  thus  exposed  to  the  air  causes  a 
very  considerable  evaporation ;  and  the  brine 
is  afterward  conveyed  to  die  boilers  for  the 
perfect  sepanftion  ik  the  salt. 

To  fiiee  common  salt  fimm  those  mlxtoscs 
Aat  render  it  deliquescent,  and  less  fit  for  the 
purposes  to  which  it  is  applied,  it  may  be  put 
into  a  conical  vessd  with  a  small  aperture  st 
the  point,  and  a  saturated  solution  of  the  inu. 
riate  of  soda  bcdling  hot  be  poured  CD  it.  This 
solution  will  dissolve  and  carry  off  any  other 
salu  mixed  with  the  soda,  and  leave  it  quite 
pure,  by  repeating  the  process  three  or  lour 
times. 

At  present,  the  greater  jpart  of  the  carbonate 
of  soda  in  the  market  is  furnished  by  decom- 
posing the  sulphate  of  soda  left,  after  the 
chlorine  is  expeUed  in  the  usual  way  of  eli- 
minating it  ftom  common  salt.  Mix  the 
sulphate  of  soda  with  an  equal  wdght  of  chalk 
and  rather  more  than  half  its  weight  of  char- 
coal  powder,  and  expose  the  mixture  in  a  re- 
verberatory  furnace  to  a  heat  sufficient  to 
bring  them  to  a  state  of  imperfect  liquefac 
tion.  Much  of  the  sulphur  formed  will  he 
expeUed  in  vapour  and  burned,  the  mixture 
bemg  frequently  stirred  to  promote  thia ;  and 
this  is  continued  till  the  mass  on  cooling  as- 
sumes a  fine  gram.  It  is  then  left  expoaed  to 
a  humid  atmosphere,  and  die  carbonate  of  soda 
may  be  extracted  by  lixiviatbn,  the  sulphur 
not  consumed  having  united  with  the  lime. 

Beside  iu  use  in  seasoning  our  food,  and 
preserving  meat  both  for  domestic  consump. 
tion  and  during  the  longest  voyajges,  and  in 
furnishing  us  with  the  muriatic  add  and  soda, 
salt  forms  a  glaze  for  coano  pottery,  by  bdng 
thrown  into  Sbe  oven  where  it  is  baked ;  it  iro. 
proves  the  whiteness  and  deamess  of  glass ;  it 
gives  hardness^  to  soap ;  in  mdting  metals  it 
preserves  their  surface  from  caldnation,  by 
defending  them  from  the  air,  and  is  employed 
with  advantage  in  some  assays ;  it  is  used  as 
a  mordant,  and  for  improving  certain  colours, 
and  enters  mare  or  less  into  many  other  pro- 
cesses  of  the  arts. 

The  muriate  of  strontian  crystallizes  in  very 
slender  hexagonal  prisms,  has  a  cool  pungent 
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Me,  vtduat  the  awtgrfty  of  the  nniriftte  of 
terytet^  or  the  btttemew  of  tlie  muriate  of 
line;  n  ooiuhls  in  0^75  of  witv  at  G0»,  and 
tDilxDOstany  aiMNintinboiliiigvater;  is  like- 
wise  adhible  in  alcohol,  and  ffwa  a  blood-red 
coloDT  to  its  ftamo* 

It  iun  never  ben  found  in  natnie,  but  may 
be  prepared  in  the  aune  way  u  the  muriate  of 
baiytcs. 

The  mariale  of  fime  oytteDises  in  iiexae. 
dral  imsoif  tenninated  by  acute  pjnunids; 
but  if  the  solnckm  be  greatly  concentrated, 
and  expoMd  to  a  low  temperaturei,  it  is  con- 
dewed  in  ooofused  bandies  of  needly  crystals. 
Its  taste  b  acrid,  bhter,  and  vety  disaKreeable. 
It  is  BC^hle  in  half  its  wdght  of  cold  water, 
md  by  heat  in  its  own  water  of  ciystallization. 
It  ia  one  of  the  most  deUqueaceot  salts  known ; 
■id  wiien  deliqneMed  has  been  called  oil  qf 
iime.  It  cunts  in  nature,  but  neither  very 
abundantly  nor  voy  pare.  It  is  formed  in 
chemical  IshorsmrieB,  in  the  deoompositioo  of 
Bmriatie  of  ammonia ;  and  Uombog  found, 
that  if  it  woe  umd  by  a  violent  bait  dll  it 
fcndcneed,  on  coding,  mtoa  vitreous  mass,  it 
onitted  a  phosphoric  lidbt  upon  being  struck 
bv  any  hard  body ;  in  wnidi  state  it  was  called 
ifomberg^s  phospftont9. 

The  muriate  of  ammona  has  long  been 
known  by  the  name  of  9al  ammoMta,  or  am^ 
mtmime^  It  is  found  native  in  the  neigh- 
bouziiood  of  volcanoes,  where  it  is  sublimed 
tometiBMB  nearly  pure,  and  in  different  psrts 
of  Asia  and  Afriau  A  great  dcsl  is  carried 
omoally  to  Russia  and  Siberia  from  Bucha- 
nsc  Taitary  ;  and  we  formerly  imported  large 
quantities  fnitn  Egypt,  but  now  manufacture 
U  St  home.     See  Axmqxia. 

This  salt  ia  usually  in  the  form  of  cakes, 
vith  a  convex  surfiue  on  one  side,  and  concave 
so  the  odier,  fiom  bemg  sublimed  into  large 
gbbnlar  vends;  but  hi  sdution  it  may  be 
•btsincd  in  regular  q^ianrsngtilar  crystals.  It 
is  renaulEable  tat  posicasing  a  certain  degree 
of  doctiltty,  so  that  it  is  not  easily  pulverable. 
It  is  solahle  in  3^  parts  of  water  at  60«,  and 
in  little  mors  than  its  own  weight  of  boiling 
watcKi  Its  teste  is  ood,  acrid,  and  bitteristu 
Its  spcci6c  gravity  is  1  *42.  It  attracts  moist- 
are  from  the  air  but  very  slightly. 

In  tinning  and  sddering,  it  is  employed  to 
preserve  the  sniftoe  of  the  metals  froia  oxi* 
datian.  In  asaaying,  it  discovers  iron,  and 
separates  it  horn  some  of  its  combinations. 

The  muriate  of  iMgnesia  is  extremely  de- 
bqueacQt,  sdobic  in  an  equd  weight  of  wa- 
ter, and  difficuldy  crystalliaable.  It  dissolves 
aho  in  five  parts  of  alcohoL  It  is  decompos- 
able by  heat,  which  expels  its  add.  Its  taste 
is  intenady  bitter. 

With  ammonia  this  muriate  forms  a  triple 
«dt,  ayitaQizable  in  little  polyedrons,  which 
•epaiate  quickly  firom  the  water,  but  are  not 
very  regolariy  formed.  Its  taste  partakes  of 
that  of  both  the  piceeding  sdts.  The  best 
inode  of  preparing  it  is  by  mixing  a  solution 


of  87  parts  of  nniriate  of  anunonia  with  a  so- 
lution of  73  of  muriate  of  magnesia ;  but  it 
may  be  ffaimed  by  a  semi-decomposition  of 
either  of  these  muriates  by  the  bsse  of  the 
other.  It  is  decomposable  by  heat,  and  re- 
ouiies  six  or  seven  times  its  weight  of  water  to 
dissolve  it 

The  muriate  of  glucine  appesrs  to  crystd- 
lize  in  very  smdl  crystals ;  to  be  decomposable 
by  heat ;  and,  dissolved  in  alcohol  and  diluted 
with  water,  to  form  a  pleasant  saodiarine 
liquor. 

Muriate  of  dumina  ia  scarcely  cryatalliz- 
ablc,  as  on  evaporation  it  assumes  the  state  of 
a  thick  jdly.  It  has  an  acid,  styptic,  acrid 
taste.  It  is  extremdy  sduble  in  wster,  and 
deliquescent  Fire  decomposes  it  It  may 
be  prepared  by  directly  combining  the  muri- 
atic aad  with 'dumina,  but  the  add  dways 
remains  in  excess. 

The  muriate  of  zircon  crystallizes  in  small 
needles,  which  are  very  soluble,  attract  moist- 
ure,  and  lose  their  transparency  in  the  air. 
It  has  an  austere  taste,  with  somewhat  of 
acrimony.  It  is  decomposable  by  heat  The 
gallic  sod  precipitates  from  its  sdutiou,  if  it 
be  free  from  iron,  a  white  powder.  Carbo- 
nate of  anunonia,  if  added  in  excess,  redis- 
sdvca  the  predpitate  it  had  before  thtown 
down. 

Muriate  of  yttria  does  not  crystallise  when 
evaporated,  but  forms  a  jelly:  it  dries  with 
difficulty,  and  deliquesces.     See  Salt. 

ACID  (MUklATIC,  OXYGEN- 
ATED).    See  Chi^orine. 

•  ACID  (MURIATIC,  OXYGEN. 
IZED).  Thissupposed  acid  was Utely  described 
by  M.  Thenard.  He  saturated  common  mu- 
liatk  add  of  moderate  strength  with  deutoxide 
of  barium,  reduced  into  a  soft  paste  by  tritu- 
ration  with  water.  He  then  predpitated  the 
barytes  from  the  liqiud,  b^  adding  the  requi- 
site  quantity  of  sulphuric  acid.  He  next 
took  this  ozygenised  muriatic  add,  and  treated 
it  with  deutoxide  of  barium  and  adphuric 
add,  to  oxygenate  it  anew.  In  this  way  he 
charged  it  with  oxygen  as  often  as  15  times. 
He  thus  obtamed  a  liquid  add  which  con. 
tained  32  times  its  volume  of  oxygen  at  the 
temperature  of  68>  Fahr.  and  at  die  ordinary 
atmosphericd  pressure,  and  only  4^  times  ito 
volume  of  muriatic  add,  which  gives  about 
2d  equivalent  primes  of  oxygen  to  one  of  mu- 
riatic add.  For  the  ratio  of  oxygen  to  the  add, 
by  weight,  is  1  to  €,G ;  but  by  measure  the 
rado  wUl  be  as  these  two  numb^s  xespecdvdy 
divided  by  the  specific  gravity  of  the  gases, 
<"  *"  T.irT  ^  T-Vfr^  which  by  reduction 
makes  nearly  one  volume  of  oxygen,  equiva- 
lent to  four  of  muriatic  acid.  Now,  the  oxy- 
gen  in  the  above  result,  instead  of  being  l-4th 
of  the  volume  of  ttie  add  gas,  was  seven  times 
greater,  whence  we  derive  the  number  28. 
Still  more  oxygen  may  however  be  added. 
On  putting  the  above  oxygenized  ^!cid  in  con- 
taa  with  sulphau  of  silver,  an  insoluble  chlo- 
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Tide  of  this  metal  sabeidea,  and  the  liqoSd  b 
oxygenized  lulphoric  add.  When  this  is 
pasMd  through  the  filter,  muriadc  add  is 
added  to  it,  but  hi  smaller  quantity  than  ex- 
isted in  the  original  oxygenized  add.  A 
quantity  of  barytes,  just  suffident  to  piedpi- 
tate  the  sulphuric  acid,  is  then  added.  In- 
stantly the  oxygen,  leaving  the  sulphuric  add 
to  unite  with  the  muriatic  add,  brings  that 
add  to  the  highest  point  of  oxygenation. 
Thus  we  see  that  we  can  transfer  the  whole  of 
the  oxygen  from  one  of  these  adds  to  the 
other :  ukI  on  a  little  reflection  it  will  be  evi- 
dent,  that  to  obtain  sulphuric  add  in  the 
hi^est  degree  of  oxygenation,  it  will  be 
merdy  necessary  to  pour  baiytes  water  into 
oxygenated  sulphuric  acid,  so  as  to  predpitate 
4mly  a  part  of  the  add. 

All  mese  operations,  with  a  little  practice, 
may  be  performed  without  the  least  difficulty. 
By  combining  the  two  methods  just  described, 
M.  Thenazd  found  that  he  could  obtain  oxy- 
genized muriatic  add,  containing  nearly  16 
times  as  many  volumes  of  oxygen  as  of  mu- 
riatic  add,  which  itepcesents  about  64  eauiva- 
lent  primes  of  the  former  to  one  of  the  latter. 
Tliis  oxygenized  add  leaves  no  residuum  when 
evaporat^  It  is  a  very  add,  colourless  liquid, 
almost  destitute  of  smdl,  and  powenuUy 
reddms  turnsole.  When  boiled  for  some  time, 
ks  oxygen  is  expelled.  It  dissolves  zinc  with- 
out effervescence.  Its  action  on  the  oxide  ai 
silver  is  curious.  These  two  bodies  occasion 
as  livdy  an  effervescence  as  if  an  add  were 
]X)ured  upon  a  carbonate.  Water  and  a  chlo- 
ride 9xe  formed,  while  the  oxygen  is  evolved. 
This  oxide  enables  us  to  determine  the  quan- 
tity of  oxygen  present  in  the  oxygenized  acid. 
Pour  mercury  into  a  graduated  glass  tube, 
leaving  a  smsJl  determinate  space,  wbidi  must 
be  filled  with  the  above  add,  invert  the  tube 
in  mercury,  let  up  oxide  of  silver  dlfihsed  in 
water;  instantly  the  oxygen  is  separated. 

We  ought,  however,  to  regard  this  apparent 
oxygenation  of  the  add,  merely  as  the  oonver- 
sion  of  a  portion  of  its  combined  water  into 
deutoxide  of  hydrogen.  The  same  explana- 
tion may  be  extanded  to  the  other  oxygenixed 
adds  of  M.  Thenard.  See  Water. 

ACID  (CHLORIC).  We  place  this  add 
after  the  muriatic  acid,  because  it  has  chlorine 
also  for  its  base.  It  was  first  eliminated  firom 
the  sala  containing  it  by  M.  Gay  Lussac, 
and  described  by  him  in  his  admirable  memoir 
on  iodine,  published  in  the  91st  volume  of  the 
Amudci  de  Chimie.  Wlien  a  current  of 
chlorine  is  passed  for  some  time  through  a 
solution  of  barytic  earth  in  warm  water,  a 
substance  called  hyperoxymuriate  of  barytes 
by  its  first  discoverer,  M.  Chenevix,  is  formed, 
as  wdl  as  some  common  muriate  The  latter 
is  separated,  by  boiling  phosphate  of  silver  in 
the  compound  solution.  The  former  may  then 
be  obtained  by  evaporation,  in  fine  rfaomboidal 
prisms.  Into  a  dilute  solution  of  this  salt^ 
M.  Gay  liussac  poured  weak  sulphuric  add. 


Though  he  added  oidy  a  few  diopa  of  u^ 
not  nearly  enough  to  satozate  liie  barytes,  the 
liquid  became  scndbly  add,  and  not  a  bubble 
of  oxygen  escaped.  By  contiDoing  to  add 
sulphuric  add  with  caution,  he  succeeded  in 
obtaining  an  add  liquid  entirdy  free  from  sol* 
phuric  add  and  barytes,  and  net  predpatatinff 
nitrate  of  silver.  It  was  dik»ic  add  dissolved 
in  water.     Its  characters  are  the  following. 

This  add  has  no  sensible  smdl.  Its  solu- 
tion in  water  is  perfectly  ookmrlen.  Its  taste 
is  very  add,  and  it  reddens  litmos  witfaont 
destroying  the  colour.  It  produces  no  altera- 
tion on  solution  of  indigo  in  sulphorie  acid. 
Light  does  not  deoampose  it.  It  may  be  oon- 
centrated  by  a  gentie  heat,  witiiout  undetgoing 
decomposition,  or  without  evaporating.  It 
was  k^t  along  time  exposed  to  the  air  withcmt 
sensible  diminution  of  its  quantity*  When 
concentrated,  it  has  sometliing  of  an  oily  con- 
sistency. When  exposed  to  heat,  it  is  partly 
decomposed  into  oxygen  and  dilorine,  and 
pardy  volatilized  witlumt  alteration.  Muriatic 
add  decomposes  it  in  the  same  way,  at  the 
common  temperature.  Sulphurous  add,  and 
sulphuretted  hydrogen,  have  the  same  piro^ 
petty ;  but  nitric  add  produces  no  change  upan 
It.  Combined  witii  ammonia,  it  forms  a  ful- 
minating salt,  fosmeriy  described  by  M. 
Chenevix.  It  does  not  predpitate  any  metallic 
solution.  It  readily  dissolves  zinc,  disengagfaig 
hydrogen ;  but  it  acts  slowly  on  mercury.  It 
cannot  be  obtained  in  the  gaseous  states  It  is 
composed  of  1  volume  chkvine  -f  9.5  oxygen, 
w,  by  weight,  of  100  chlorine  +  111.70  oxy- 
gen, if  we  consider  the  specific  gravity  <if 
chlorine  to  be  2.4866.  But  if  it  be  called 
2.420,  as  M.  Gay  Lussac  does  m  his  memoir, 
it  will  then  come  out  100  dilorine  +  114.7 
oxygen.  This  last  number  is  however  too 
great,  in  consequence  of  estimating  the  specific 
gmvity  of  oxygen  1.1  111.  while  M.  Gay  Lus- 
sac makes  it  1. 10369.  Chloric  add  is  at  any 
rate  a  compound  of  6  primes  of  oxygen  -f  1 
of  dilorine  =:  &  -|~  ^^ 

M.  Vauqudin,  in  making  phosphate  of 
silver  act  on  the  mixed  saline  sMution  above 
described,  tried  to  accderate  iti  action  by  dis- 
solving it  previously  in  acetic  add.  But  on 
evaporating  the  chlorate  of  barytes  so  obtained 
to  cuyness,  and  exposing  about  30  graina  to  a 
decomposing  heat,  a  tremendous  explosion 
took  place,  which  broke  the  fonaoe,  rent  a 
thick  platina  crudble,  and  drove  its  lid  into 
the  chimney,  where  it  stuelb  It  was  the  em- 
ployment of  acetic  add  whiah  oceaaianed  this 
acddent,  and  therefore  it  ought  never  to  be 
used  in  this  way. 

To  the  preceding  account  of  the  properties 
of  chloric  add,  M.  VauqueUn  has  added  the 
following.  Its  taste  is  not  only  add,  but 
astringent,  and  its  odour,  when  concentrated, 
is  somewhat  pungent.  It  differs  from  cfalo- 
rine^  in  not  predpiuting  gelatine.  When 
paper  stained  with  litmus  is  left  for  some  time 
in  contact  with  it,  the  colour  Is  destroyed. 
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Wgud  vkh  mmMiic  acid,  vatev  it  tened, 
«ad  both  adds  axe  ocmvated  into  chlorine. 
SulpbaRKu  add  is  ooDTcrted  into  sulphoric, 
by  taking  ozygea  Cram  the  dilodc  add,  whidi 
k  oaQseqaeQdy  ooDTerted  into  chkune. 

Cblonc  add  oomfaines  with  the  bases,  and 
finna  tiie  dikxaie^  a  set  of  aalto  fonxierly 
known  by  the  name  of  the  hyperoxygenized 
muziatea.  Tbej  may  be  fonned  dther  di- 
rectly  by  aatuiating  the  alkali  or  eanh  with 
the  diloric  Mcid^  or  by  the  old  process  of 
trmtmmitting  cfalonne  through  the  solutioos  of 
the  IMS,  in  Woolfe's  bottles.  In  this  case  the 
water  is  dfioomposed.  Its  oxygen  unites  to  one 
portioo  of  die  cUoiine,  forming  chloric  add, 
while  ita  hydiogcn  unites  to  another  portion  of 
dilorine,  fionning  muriatic  add;  and  hence, 
diloratca  and  muriates  must  be  contempora- 
neously  generated,  and  must  be  afterwards  se- 
parkted  by  oystallization,  or  peculiar  methods. 
The  diknte  of  potash  or  hyperoxymuriate 
haa  been  long  known.  When  exposed  to  a 
red  beat,  100  grains  of  this  salt  yield  36.88 
of  oxygen,  and  are  convened  into  the  chloride 
of  pocasnom,  or  the  dry  muriate.  This  re- 
mainder of  61.12  grains  coosisu  of  32.10 
potaauiun  and  2&93  chk>rine.  But  32.19 
potaaainm  require  0.50  oxygen,  to  £onn  the 
potash  wludi  existed  in  the  original  chlorate. 
Therefins,  subtracting  this  qiuuitity  fnmi 
38.88,  we  have  32.38  for  the  oxygen  combined 
with  the  dilorine,  constituting  61.31  of  chlo-  . 
lie  add,  to  38.69  of  potadu 

Chkxate  of  potash  may  be  procured  by  re- 
cdTias  chlorine,  as  it  is  formed,  into  a  solu« 
tion  of  potash.  When  the  solution  is  saturated, 
it  may  be  evaporated  gently,  and  the  first 
oystals  produced  will  be  the  salt  desired  ;  this 
crygtalliang  before  the  simple  muriate,  which 
is  produced  at  the  same  time  with  it.  Its 
crystals  are  ip  shining  hexaedral  laminie,  or 
liumboidal  plates. 

Its  taste  is  cooling,  and  rather  unpleasant. 
Its  spedfic  gravity  is  2.0.  1 6  parts  of  water, 
at  60*,  dissolve  one  of  it,  and  2^  of  boiling 
water.  The  purest  oxygen  is  extracted  from 
this  salt,  by  exposing  it  to  a  gentle  red  heat. 
One  hundred  grains  yield  about  115  cubic 
inches  at  gas.  It  consists  of  9.5  chloric  acid 
+  6  poCaw  =  15J^,  wiiidi  is  the  prime  cqui. 
valent  of  the  salt.  It  is  incapable  of  dis- 
diazging  vegetable  colours ;  but  the  addition 
of  a  httJe  sulphuric  add  developes  this  pro- 
perty. So  likewise  a  few  grains  of  it,  added 
to  muriatic  add,  mve  it  this  property. 

The  effects  of  this  salt  on  inflanunable 
bodies  are  very  powerful.  Rub  two  grains 
into  powder  in  a  mortar,  add  a  grain  of  sul- 
phur, mix  tbem  well  by  gentle  trituration, 
then  collect  the  powder  into  a  heap,  and  press 
upon  it  suddenly  and  fordbly  with  the  pestle, 
a  loud  detonation  will  ensue.  If  the  mixture 
be  wrapped  in  stnmg  paper,  and  struck  with 
a  hammer,  the  report  will  be  still  louder. 
Five  groins  of  the  salt,  mixed  in  the  same 
manner  with  two  and  a  half  of  charcoal,  will 


be  ioflamed  by  ttiODg  tritoratioo,  especially  it 
a  grain  or  two  of  sulphur  be  added,  but  with- 
out much  noise.  If  a  little  sugar  be  mixed 
vdth  half  its  wdght  of  the  duorate,  and  a 
little  strong  sulphuric  add  poured  on  it,  a 
sudden  and  vehement  inflammation  will  en- 
sue ;  but  this  experiment  requires  caution,  as 
well  as  the  following.  To  one  gram  of  the 
powdered  salt  in  a  mortar,  add  half  a  grain  of 
phosphorus;  it  will  detonate,  with  a  bud  re- 
port, on  the  gentlest  trituration.  In  this  ex- 
periment the  hand  should  be  defended  bv  a 
glove,  and  great  care  should  be  taken  that 
none  of  the  phosphorus  get  into  the  eyes. 
Phosphorus  may  be  inflamed  by  it  under 
water,  putting  into  a  wine  gbss  one  part  of 
phosphorus  and  two  of  the  chlorate,  nearly 
filling  the  glass  with  water,  and  then  pouring 
in,  through  a  glass  tube  reaching  to  the  hot- 
torn,  three  or  four  parts  of  sulphuric  add. 
This  experiment,  too,  is  very  hazardous  to  the 
eyes.  If  olive  or  linseed  oU  be  taken  instead 
of  phosphonis,  it  may  be  inflamed  by  similar 
means  on  the  surface  of  the  water.  This  salt 
should  not  be  kept  mixed  with  sulphur,  or  per- 
bans  any  inflammable  substance,  as  in  this  state 
it  nas  been  known  to  detonate  spontaneously. 

Chlorate  of  soda  may  be  prepared  in  the 
same  manner  as  the  preceding,  by  substituting 
soda  for  potash;  but  it  is  not  easy  to  obtain 
it  separate,  as  it  is  nearly  as  soluble  as  the 
muriate  of  soda,  requiring  only  3  parts  of  cold 
water.  Vauquelin  formed  it,  by  saturating 
chloric  add  with  soda;  500  parts  of  the  dry 
carbonate  yielding  1100  parts  of  crystallized 
chlorate.  It  consists  of  4  soda  -|-  0.5  add  = 
13-5,  which  is  its  prime  equivalent.  It  crys- 
tallizes in  square  plates,  produces  a  sensatioa 
of  cold  in  the  mouth,  and  a  saline  taste ;  is 
slightly  deliquescent,  and  in  its  other  proper- 
ties resembles  the  chlorate  of  potash. 

Barytes  appears  to  be  the  next  base  in  order 
of  aflinity  for  this  add.  The  best  method  of 
forming  it  is  to  pour  hot  water  on  a  large 

SLiantity  of  this  earth,  and  to  pass  a  current  of 
ilorine  through  the  liquid  kept  warm,  so  that 
a  fresh  portion  of  barytes  may  be  taken  up  as 
the  former  is  saturated.  This  salt  is  soluble 
in  about  four  parts  of  cold  water,  and  less  of 
warm,  and  crystallizes  like  the  simple  muriate. 
It  may  be  obtained,  however,  by  the  agency 
of  double  affinity;  for  phosphate  of  silver 
boiled  in  the  solution  will  decompose  the  sim* 
pie  muriate,  and  the  muriate  of  silver  and 
phosphate  of  barytes  bdng  insoluble,  will 
both  fall  down  and  leave  the  chlorate  in  solu- 
tion lElone.  Tlie  phosphate  of  silver  employed 
in  this  process  must  be  perfectly  pure,  and 
not  the  least  contaminated  with  copper. 

The  chlorate  of  strontites  may  be  obtained 
in  the  same  manner.  It  is  deliquescent, 
melts  immediately  in  the  mouth,  and  pro- 
duce>i  cold;  is  more  soluble  in  alcohol  than 
the  simple  muriate,  and  crystallizes  in 
needles. 

The  chlorate  of  lime,  obtained  in  a  similar 
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way,  is  extremely  deliouescent,  liquefies  at  a 
low  heat,  is  very  soluble  in  alcohol,  produces 
much  cold  in  solution,  and  has  a  sharp  bitter 
taste. 

Chlorate  of  ammonia  is  formed  by  double 
aiiinity,  the  carbonate  of  ammonia  decom- 
posing  the  earthy  salti  of  this  genus,  giving 
up  its  carbonic  add  to  their  base,  and  com- 
bining  with  their  acid  into  chlorate  of  ammo- 
nia,  which  may  l)e  obtained  by  evaporation. 
It  is  very  soluble  both  in  water  and  alcohol, 
and  decomposed  by  a  moderate  heat 

The  chlorate  of  magnesia  much  resembles 
that  of  lime. 

To  obtain  chlorate  of  alumina,  M.  Chenevix 
put  some  alumina,  precipitated  from  the  mu- 
riate,  and  well  washed,  but  still  moist,  into  a 
Woolfe's  apparatus,  and  treated  it  as  the 
other  earths.  '  The  alumina  shortly  disap- 
peared ;  and  on  pouring  sulphuric  acid  into 
the  liquor,  a  strong  smell  of  chloric  acid  was 
perceivable ;  but  on  attempting  to  obtain  the 
salt  pure  by  means  of  phosphate  of  silver,  the 
whole  was  decomposed,  and  nothing  but  chlo- 
rate of  silver  was  found  in  the  solution.  M. 
Chenevix  adds,  however,  that  the  aluminous 
salt  appears  to  be  very  ddiquescent,  and  solu- 
ble in  alcohol.    See  Salt. 

ACID  f PERCHLORIC).  If  about  3 
parts  of  sulphuric  add  be  )ioured  on  one  of 
chlorate  of  potash  in  a  retort,  and  after  the 
first  violent  action  is  over,  heat  be  gradually 
applied,  to  separate  the  deutoxide  of  chlorine, 
a  saline  mass  will  remain,  consisting  of  bisul. 
phate  of  potash  and  perchlorate  of  potash.  By 
one  or  two  crystallizations,  the  latter  salt  may 
be  separated  from  the  former.  It  is  a  neutnd 
salt,  with  a  taste  somewhat  similar  to  the  com- 
mon muriate  of  potash.  It  is  very  sparingly 
soluble  in  cold  water,  since  at  60®,  only  ^  is 
dissolved ;  but  in  boiling  water  it  is  more  solu- 
ble.  Its  crystals  are  dongated  octahedrons. 
It  detonates  feebly  when  triturated  with  sul- 
phnr  m  a  mortar.  At  the  heat  of  412",  it  is 
resolved  into  oxygen  and  muriate  of  potash,  in 
the  proportion  of  46  of  the  former  to  64  of 
the  latter.  Sulphuric  acid,  at  280^,  disen- 
gages the  perchloric  acid.  For  these  facts 
sdence  is  indebted  to  Count  Von  Stadion.  It 
seems  to  consist  of  7  primes  of  oxygen,  com. 
bined  with  1  of  chlorine,  or  7-0  -|-  4.5. 
These  curious  discoveries  have  been  lately 
verified  by  Sir  H.  Davy.  The  other  perchlo- 
rates  are  not  known. 

Before  leaving  the  acids  of  chlorine,  we 
shall  describe  the  ingenious  method  employed 
by  Mr.  Wheeler  to  procure  chloric  acid  from 
the  chlorate  of  potai^  He  mixed  a  warm  so- 
lution of  this  salt  with  one  of  fluosillcic  add. 
He  kept  the  mixture  moderately  hot  for  a  few 
minutes,  and  to  insure  the  perfect  decompo- 
sition of  the  salt,  added  a  slight  excess  of  the 
acid.  Aqueous  solution  of  ammonia  will 
show,  by  the  separation  of  silica,  whether  any 
of  the  fluosilidc  acid  be  left  after  the  decompo- 
sitloD  of  the  chlorate.    Thus  we  can  efl^  its 


complete  decomposition.  The  mixture  be- 
comes turbid,  and  fluosHicate  of  potash  is  pre- 
cipitated abundantly  in  the  form  of  a  geUHnoua 
mats.  The  supernatant  liquid  will  then  ocm- 
tam  nothing  but  chloric  add,  contaminated 
with  a  small  quantity  of  fluosilide.  This  may 
be  removed  by  the  cautious  addition  of  a  small 
quantity  of  solution  of  chlorate.  Or,  after 
filtration,  the  whole  add  may  be  neotxalized 
by  caitonate  of  barytes,  and  the  chlorate  of 
that  earth  benig  obtained  in  crystals,  ia  em- 
ployed to  procure  the  add,  as  directed  by  M. 
Gay  Lussac. 

ACID  (NANCEIC) ;  an  add  called  by 
M.  Braconnot  nancdc,  in  honour  of  the  town 
of  Nancy,  where  he  lives.  He  discovered  it  in 
many  acescent  vegetable  substances;  in  sour 
rice ;  in  putrefied  juice  of  beet-root ;  in  sour 
decoction  of  carrots,  peas,  &c  He  imagines 
that  this  add  is  generated  at  the  same  time  aft 
vinegar  in  organic  substances,  when  they  be- 
come sour.  It  is  without  colour,  does  not 
crystallize,  and  has  a  voy  add  taste. 

He  concentrates  thesouied  juice  of  the  beet- 
root till  it  become  almost  solid,  digests  it  with 
alcohol,  and  evaporates  the  alcoholic  solution 
to  the  consistence  of  syrup.  He  dilutes  this 
with  water,  and  throws  into  it  carbonate  of 
zinc  till  it  be  saturated.  He  passes  the  liquid 
through  a  filter,  and  evaporates  till  a  pellicle 
appear.  The  combination  of  the  new  add 
with  oxide  of  zinc  aystalltzes.  After  a  second 
crystallization,  he  redissolves  it  in  water,  pours 
in  an  excess  of  water  of  barytes,  decomposes 
by  sulphuric  add  the  barytic  salt  fonnea,  s^ 
parates  the  deposit  by  a  filter,  and  obtains,  by 
evaporation,  the  new  add  pure. 

It  forms  with  alumina  a  salt  resemUing 
gum,  and  with  magnesia  one  unalterable  in 
the  air,  in  litde  granular  crystals,  soluble  in 
25  parts  of  water  at  66^  Fahr. ;  with  potash 
and  soda  it  forms  uncrystallizable  salts,  ddi- 
quescent and  soluble  in  alcohol;  with  lime 
and  strontites,  soluble  granular  salts;  with 
barytes,  an  uncrystallizable  nonddiquescent 
salt,  having  the  aspect  of  gum ;  with  white 
oxide  of  manganese,  a  salt  which  crystallizes 
in  tetrahedral  prisms,  soluble  in  12  parts  of 
water  at  60«;  with  oxide  of  zinc,  s  salt  crys- 
tallizing  in  square  prisms,  terminated  by  sum- 
mits obliqudy  truncated,  soluble  in  50  parts 
of  water  at  6t^ ;  with  iron,  a  salt  crystallizing 
in  slender  four-sided  needles,  of  sparing  solu- 
bOity,  and  not  changing  in  the  air ;  with  red 
oxide  of  iron,  a  white  noncrystallizing  salt; 
with  oxide  of  tin,  a  salt  crystsUizing  in  wedge- 
form  octahedrons ;  with  oxide  of  lead,  an  un- 
crystallizible  salt,  not  ddiquescent*  and  resem- 
bling  a  gum ;  with  black  oxide  of  mercury,  a 
very  soluble  salt,  which  crystallizes  in  needles. 

ACID  (NITRIC).  Three  parts  of  pure 
nitrate  of  potash,  coarhdy  powdered,  are  to  be 
put  into  a  glass  retort,  with  two  of  strong  sul. 
phuric  add.  This  must  be  cautiously  tSded, 
taking  care  to  avoid  the  flimes  that  arise.  Join 
to  the  retort  a  tabulated  reodvcr  of  laige  en- 
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f^dtjt  vidi  an  adopter  inteipoeed,  and  Inte 
liie  jimctigq  with  glazier^s  patty.  In  the 
inhtnnie,  fix  a  ^ass  tabe,  termbiating  in  an- 
otficTlarge  leceivq,  in  which  is  a  smaD  quantity 
of  water ;  and,  if  you  wish  to  collect  the  gase- 
oos  products,  kt  a  bent  glass  tube  from  this 
receiver  commonicate  with  a  pneumatic  trough. 
Apply  hfot  to  the  leceiver  by  means  of  a  sand 
badi.  The  inwt  product  that  passes  into  the 
receiver  is  gencndly  red  and  filming;  but  the 
appeanoces  gradually  diminish,  till  the  acid 
conxs  over  pale,  and  eren  colourless,  if  the 
matenab  cseid  were  dean.  After  this  it  again 
beooraea  move  and  moie  red  and  fuming,  till 
the  end  of  the  operation;  and  the  whole 
rabgled  together  will  be  of  a  yellow  or  orange 
colour. 

Empty  the  iccriTcr,  and  again  leplace  it 
Then  Introduce  by  a  small  funnel,  very  can- 
tsoDsly,  one  part  of  boiUng  water  in  a  slender 
stream,  and  continue  the  distillation.  A  small 
quantity  of  a  weaker  add  will  thus  be  obtained, 
which  can  be  kept  apart  The  first  win  have 
a  spcdfie  grsTity  of  about  1.500,  if  the  heat 
have  been  properly  regulated,  and  if  the  re- 
ceiver waa  refrigerated  by  cold  water  or  ice. 
Add  of  that  density,  amounting  to  two-thiids 
of  the  weigfat  of  the  nitre,  may  thus  be  pro- 
coxed.  But  coonnonly  the  heat  is  pushed  too 
high,  whence  mote  or  less  of  the  add  is  de. 
eouqiowMl,  and  ila  pn^wrtion  of  water  uniting 
to  the  remainder,  reduces  its  strength.  It  is 
not  profitable  to  use  a  smaller  proportion  of 
ndphnxic  add,  when  a  concentrated  nitric  is 
raspmtd.  Bat  when  only  a  dilute  add,  called 
in  commerce  aquafirtis,  is  required,  then  less 
foJphuric  add  will  suffice,  provided  a  portion 
of  vater  be  added.  One  hundred  parts  of 
good  nitre,  sixty  of  strong  sulphuric  add, 
ai^  twenty  of  water,  form  economical  piopor- 


As  this  add  still  holds  in  solution  more  or 
less  zaUQOs  gas,  it  is  not  in  fact  pure;  it  is 
dieiefore  necessary  to  put  it  into  a  retwt,  to 
wfaidi  a  recaver  is  added,  the  two  vessels  not 
being  lated,  and  to  apply  a  very  gentle  heat, 
changing  the  recdver  as  soon  as  it  is  filled 
with  red  vapouia.  The  nitrous  gas  will  thus 
be  ezpdied,  nod  the  nitric  add  will  remain  in 
the  retort  as  limpid  and  colourless  as  water. 
It  sfaoald  be  kept  in  a  bottle  seduded  feom 
the  Sght,  otherwise  it  will  lose  part  of  its 
oxygen. 

What  remains  in  the  retort  is  a  bisulphate 
ef  potash. 

As  nitrie  add  in  a  fluid  state  is  always 
mixed  with  water,  different  attempts  have  been 
made  to  ascertain  its  strength,  or  the  quantity 
«f  real  add  contained  in  it 

Ml.  Kirwan  gave  68  as  the  quantity  of  real 
add  in  100  of  die  liquid  add  of  specific  gra- 
vity L500 :  Sir  H.  Aavy^s  determination  was 
91 ;  Dr.  WbUaston's,  as  inferred  from  the 
exficrimeou  of  Mr.  R.  Philips,  75 ;  and  Air. 
DalcoD's  eonecied  result  firtrni  Kirwan's  table 
WH  6&    In  this  state  of  discordance  I  per- 


fbtmed  a  series  of  experiments,  with  the  view 
of  determining  the  constitution  of  liquid  nitric 
add,  and  pubUshed  an  account  of  them,  with 
some  new  tablets  in  the  fourth  and  sixth  vo- 
lumes of  the  Journal  of  Science  and  the  Arts. 

From  regular  prisms  of  nitre  I  procured,  by 
slow  distillation,  with  concentrated  oil  of  vitriol, 
nitric  add ;  which  by  the  tests  of  nitrates  of 
silver  and  of  barytes  was  found  to  be  pure. 
Only  the  first  portion  that  came  over  was  em- 
ployed fbr  the  experiments.  It  was  nearly 
colourless,  and  had  a  spedfic  gravity  of  1.600. 
A  redistilled  and  colourless  nitric  ecid,  pre- 
pared in  London,  was  also  used  for  experi- 
ments of  verification,  in  estimating  the  quantity 
of  dry  add  in  liquid  add  of  a  known  density. 
The  above  add  of  1.500  being  mixed  in 
numbered  phials,  with  pure  water,  in  the  dif- 
ferent proportions  of  95  -f  5,  90  -f  10,  80 
+  20,  &C.  I  obtained,  after  due  agitation, 
and  an  interval  of  24  hours,  liquids  whose  spe- 
dfic gravities,  at  60*  Fahrenhdt,  were  deter- 
mined by  means  of  an  accurate  balance,  with  a 
narrow-necked  glass  gbbe  of  known  capacity. 
By  considering  the  series  of  numbers  thus  ob- 
tained, I  discovered  the  geometrical  law  which 
regulates  them.  The  spedfic  gravity  of  dilute 
acid,  containing  10  parts  in  me  100  of  that 
whose  density  is  1 .500,  is  1.064.  Taking  this 
number  as  the  root,  its  successive  powers  will 
give  us  the  successive  densities,  at  the  terms 
of  20,  30,  40,  Ac.  per  cent.  Thus  1.054«  = 
1.111  is  the  spedfic  gravity  corresponding  to 
20  of  the  strong  liquid  add  -f  BO  water ; 
1.0543=1.171,  is  thatfor  30  percent  of  strong 
add ;  1.0544=  1.234,  is  the  spedfic  gnvity  at 
40  per  cent  The  specific  gravities  are  there- 
fore a  series  of  numbers  in  geometrical  progrel- 
sion,  corresponding  to  the  terms  of  dilution, 
another  series  in  arithmetical  progression,  ex- 
actly as  I  had  shown  in  the  7th  number  of  the 
Journal  of  Science  with  regard  to  sulphuric 
add.  Hence,  if  one  term  be  given,  the  whole 
series  may  be  found.  On  uniting  the  strong 
add  with  water,  a  considerable  condensation  of 
volume  takes  place.  The  maximum  conden- 
Ration  occurs  when  58  of  acid  are  mixed  with 
42  of  water.  Above  this  point  the  curve  of 
condensation  has  a  contrary  flexure ;  and  there- 
fore a  small  modification  must  be  made  on  the 
root  1.054,  in  order  to  obtain  with  final  accu- 
racy, in  the  higher  part  of  the  range,  the  nu- 
merical powers  which  represent  the  spedfic 
gravities.  The  modification  is  however  very 
dmple.  To  obtain  the  number  for  50  per 
cent  the  root  is  1.053 ;  and  for  each  decade 
up  to  7O9  the  root  must  be  diminished  by 
0.002.  Thus  for  6*0,  it  will  become  1.051, 
and  for  70,  1 .049.  Above  this  we  shall  obtain 
a  precise  oon^pondence  with  experiment,  up 
to  1.500  sp.  gravity,  if  for  each  successive  de- 
cade we  subtract  0.0025  from  the  last  dimi- 
nished root,  before  raising  it  to  the  desired 
Sower,  which  represents  the  per-centagc  of 
quid  acid. 
It  is  established  by  the  concurring  experi- 
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mcnto  of  Six  H.  Davy  and  H.  Gay  Littnc, 

that  dry  nitric  add  is  a  compouDd  of  2^  vo- 
lumes of  oxygen  combined  with  1  of  nitiogen ; 
of  which  the  weighUare  2.6  X  LIU  =  2.777 
for  the  proportion  of  oxygen,  and  0.9722  for 
that  of  nitrq^en;  and  in  100  parts,  of  73^  of 
the  former  +  26|  of  the  latter.  But  nitrogen 
combines  with  sevenl  inferior  proportions  of 
oxygen,  which  are  all  multiples  of  its  prime 
equivalent  1.0;  and  the  present  compound  is 
exactly  represented  by  making  1  prime  of  ni- 
trogen =  i.75,  and  5  of  oxygen=  5.0 :  whence 
the  acid  prime  is  the  sum  of  these  two  num- 
bers, or  6.75.  Now  this  result  deduced  from 
its  constituents  ooinddes  perfectly  with  that 
derived  from  the  quantity  in  which  this  acid 
saturates  definite  quantities  of  die  salifiable 
bases,  potash,  soda,  lime,  &c.  There  can  be 
no  doubt,  tliorefore,  that  die  prime  equivalent 
of  the  add  is  6-75 ;  and  as  little  that  it  con- 
sists of  5  parts  of  oxygen,  and  1 .76  of  nitrogen. 
Possessed  of  these  data,  we  may  perhaps  see 
some  reason  why  the  greatest  condensation  of 
volume,  in  diluting  strong  liquid  acid,  should 
take  place  with  68  of  it,  and  42  of  water. 
Since  100  parts  of  add  of  1.600  contain,  by 
m^  experiments,  79.7  of  drv  add,  therefore 
acid  of  the  above  dilution  will  contain  46  dry 
add,  and  54  water ;  or  reducing  the  numbers 
to  prime  proportions,  we  have  the  ratio  of  6.75 
to  7*675,  beine  that  of  one  prime  of  real  add 
to  7  primes  of  water.  But  we  have  seen  that 
the  real  add  prime  is  made  up  of  1  of  nitrogen 


aasodatwl  by  chemical  afiinlty  with  6  of  oxr* 
gen.  Now  imagine  a  figure,  in  which  the 
central  prime  of  nitrogen  is  surrounded  by  5  of 
oxygen.  To  the  upper  and  under  surface  of 
the  nitrogen  let  a  prime  of  water  be  attached, 
and  one  also  to  each  of  the  primes  of  oxygen. 
We  have  thus  the  7  primes  distributed  in 
the  most  compact  and  symmetrical  maanor. 
By  this  hypothesis^  we  can  understand  bow 
the  elements  of  add  and  water  may  have  such 
a  collocation  and  proportkNi,  as  to  give  the 
utmost  efficacy  to  their  reciprocal  attiactioniv 
whence  the  maximvm  condensation  will  re- 
sult A  striking  analogy  will  be  found  in  the 
dilution  of  sulphuric  acM. 

If  on  58  parts  by  weight  of  acid  of  1.600,  we 
pour  cautiously  42  of  water  in  a  graduated 
measure,  of  which  the  whole  occupies  100  di- 
visions, and  then  mix  them  intunatdy,  the 
tonperature  will  rise  from  OO**  to  140<»,  and 
after  cooling  to  60^  again,  the  volume  will  be 
found  only  92.66.  No  other  proportion  of 
water  and  acid  causes  the  evolution  of  so  mudk 
heat  When  90  parts  of  the  strong  add  are 
united  with  10  of  water,  100  in  volume  become 
97 ;  and  when  10  parts  of  the  same  add  are 
combined  with  90  of  water,  the  resulUng  vo. 
lome  is  9&  It  deserves  notice,  that  80  of 
add  +  20  water,  and  30  of  add  +  70  water, 
each  gives  a  dilute  add,  whose  degree  of  con- 
densation is  the  same ;  namely,  100 1 
become  94.8. 


TABLE  of  NUric  Acid^  hy  De.  UaE. 


Specific 

Liq. 

Dry  acid 

Spedfic 

Acid 
inlOO. 

75 

Dn-acid 

Spscific 

Liq 

Dry  acid 

Specific 

Liq. 

Dryarit 

OnvUy. 

Acia 

iiilUO. 

in  100. 

Gravity. 

in  100. 

Gravity. 

Acid 
inlUU. 

InlOO. 

Gravity. 

Acid 
inlOU. 

inlUU. 

1.5000 

100 

79.700 

1.4189 

59.775 

1.2947 

60 

39.860 

1.1403 

25 

19.926 

1.4980 

99 

78.903 

1.4147 

74 

68.978 

1.2887 

49 

39.063 

1.1345 

24 

19.128 

1.4960 

98 

7&106 

1.4107 

73 

58.101 

1.2826 

48 

3a256 

1.1286 

23 

1&331 

1.4940 

97 

77309 

1.4065 

72 

67.384 

1.2765 

47 

37469 

1.1227 

22 

17.534 

1.4910 

96 

76.512 

1.4023 

71 

66.687 

1.2706 

46 

36.662 

1.1168 

21 

16.737 

1.4880 

95 

75.715 

1.3978 

70 

85.790 

1.2644 

45 

35.865 

1.1109 

20 

15.940 

1.4850 

94 

74.918 

1.3945 

69 

54.993 

1.2583 

44 

35.068 

1.1051 

19 

16.143 

1.4820 

93 

74.121 

1.3882 

68 

54.196 

1.2623 

43 

34.271 

1.0993 

18 

14.346 

1.4790 

92 

73.324 

1.3833 

67 

63.399 

1.2462 

42 

33.474 

1.0936 

17 

13.549 

1.4760 

91 

72.527 

1.3783 

66 

62.602 

1.2402 

41 

32.677 

1.0878 

16 

12.752 

1.4730 

90 

71.730 

1.3732 

66 

61.805 

1.2341 

40 

31.880 

1.0821 

15 

11.955 

1.4700 

89 

70.933 

1.3681 

64 

61.068 

1.2277 

39 

31.083 

1.0764 

14 

11.158 

1.4670 

88 

70.136 

1.3630 

63 

50.211 

1.2212 

38 

30.286 

1.0708 

13 

10.361 

1.4640 

87 

69.339 

1.3579 

62 

49.414 

1.2148 

37 

29.489 

1.0661 

12 

9.664 

1.4600 

86 

6a542 

1.3529 

61 

4a617 

1.2084 

36 

2a692 

1.059& 

11 

8.767 

1.4570 

85 

67.745 

1.3477 

60 

47.820 

1.2019 

36 

27.896 

1.0640 

10 

7.970 

1.4530 

84 

66.948 

1.3427 

59 

47.023 

1.1958 

34 

27.098 

1.0486 

9 

7.173 

1,4500 

83 

66.155 

1.3376 

58 

46.226 

1.1895 

33 

2a301 

1.0430 

8 

6.376 

1.4460 

82 

65.354 

1.3323 

67 

45.429 

1.1833 

32 

26.504 

1.0376 

7 

6.579 

1.4424 

81 

64.557 

1.3270 

56 

44.632 

1.1770 

31 

24.707 

1.0320 

6 

4.782 

1.4386 

80 

63.760 

1.3216 

56 

4^835 

1.1709 

30 

23.900 

1.0267 

6 

3.986 

1.4346 

79 

62.963 

1.3163 

64 

43.038 

1.1648 

29 

23.113 

1.0212 

4 

3.188 

1.4306 

78 

62.166 

1.3110 

63 

42.241 

1.1587 

28 

22.316 

1.0159 

3 

2.391 

1.4269 

V 

61.369 

1.3056 

62 

41.444 

1.1626 

27 

21.619 

1.0106 

2 

1.694 

1.4228 

76 

60.572 

1.3001 

6) 

40.647 

1.1466 

26 

20.722 

1.0063 

1 

0.797 
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Theeohna  ofdrf  add  ike/n  die  might 
wliidi  aoj  salifiable  base  would  gain,  by  unit- 
ing with  too  paito  of  ^  Keloid  add  of  the 
oomspondlngspedficgmTity.  But  it  may  be 
proper  heve  to  obeerre,  that  Sir  H.  Davy,  in 
octending  bis  yievt  leladreto  the  constitution 
of  the  dry  muriates,  to  the  nitrates,  has  sug- 
geofeedy  that  tiie  latter  when  dry  may  be  ooo- 
aidered  as  consisting,  not  of  a  drynitric  acid 
cnmbinerf  with  the  salifiable  oxide,  bat  of  the 
osj^genaad  nitrogen  ef  the  nitric  add  with  Ae 
nccai  icseif  in  triple  onion.  A  view  of  his 
reaaoiiiiig  viU  be  found  under  the  artide  Salt. 
He  legifds  liquid  nitric  add  at  iu  utmost 
density  aa  wl  compound  of  1  prime  of  hydzogeo, 
1  ef  tdtngen,  and  6  of  oxygen. 

Tlie  stwwitest  add  that  Mr.  Kurwan  could 
procure  «t  60°  was  1.6543;  but  Rouelle  pro- 
toas  to  liave  obtained  it  of  1.583. 

Nitric  add  dioald  be  of  the  spedfic  gravity 
ef  1.6,  or  a  little  more,  and  oolouzless. 

That  of  Mi,  Kirwan  seems  to  have  oon- 
dstad  of  one  prime  of  real  add  and  one  of 
walK,  whoi  the  suitable  oonectioDs  sie  made ; 
but  no  common  diemical  use  requires  it  of  such 
a  strcngtli. 

The  4iloR»ie»l  fdtelioiMMpf  of  Add  and  Water 
weiethas  pseaentedbymeinatabalarform 
ia  the  Jbonial  of  SdeniDo,  for  January,  1819, 
pw  M8. 


Liquid  Acid 
of  1.5. 

Sp.aTaT. 

Atonuof 

Atoms  of 

dry  Acid. 

Water. 

100 

1.5000 

100 

152 

98 

1.4960 

100 

168 

96 

1.4910 

100 

183 

94 

1.4850 

100 

200 

92 

1.4790 

100 

216 

90 

1.4730 

100 

236 

86 

1.4600 

100 

275 

84 

1.4530 

100 

294 

834  nearly. 

.    .    . 

100 

300 

83 

1.4500 

100 

305 

5H 

1.3340 

100 

700 

47 

1.2765 

100 

1000 

The  fbUowintf  table  of  boiling  pohits  has 
bem  given  by  Mr.  Dslton. 
Add  of  sp.  gr.  1.50  boils  at  210<* 


1.45 

240 

1.42 

248 

1.40 

247 

1.35 

242 

1.30 

236 

1.20 

226 

1.15 

219 

At  1.42  spedfie  gravity  it  distOs  unaltered. 
Stnoger  add  than  that  becomes  weaker,  and 
weaker  acid  stronger,  by  boiling.  When  the 
Strang  add  is  cooled  down  to  —  60^  it  con- 
ottci,  by  slight  agitatioo,  into  a  mass  of  the 
'      »  of  butter. 


I%is  idd  ismiaendy  oorranve,  ud  benee 
itsoldnsmeofa^ao/br^.  Its  taste  is  sour  snd 
acrid.  It  is  a  dea^y  poison  when  introduced 
into  the  stomach  in  a  concentrated  state ;  but 
when  greatly  diluted,  it  may  be  swallowed 
without  inconvenience.  It  is  often  oontami- 
nated,  through  negligence  or  ftaud  in  the  ma- 
nufacturer, with  sulphuric  end  muriatfc  adds. 
Nitrate  of  lead  detecto  both,  or  nitrate  of  baiytes 
may  be  employed  to  detctmine  the  quanti^  of 
sulphuric  add,  and  nitrate  of  silver  that  of  the 
mmiatie.  The  latter  proceeds  from  the  crude 
nitre  usually  containing  a  quantity  of  common 
salt 

When  it  is  passed  through  a  red-hot  par. 
celain  tube,  it  is  resolved  into  oxygen  and 
nitrogen,  in  the  proportion  above  stated.  It 
retains  its  oxygen  with  little  force,  so  that  it  ia 
decomposed  by  all  combustible  bodies.  Brought 
into  contact  with  hydrogen  gas  at  a  high  tem- 
perature, a  violeot  detonation  ensues  ;  so  that 
this  must  not  be  done  without  great  caution. 
It  inflames  essential  oik,  ss  those  of  turpentine 
and  doves,  when  suddoily  poured  on  them; 
but,  to  perform  this  experiment  with  saftty,  the 
add  must  be  poured  out  of  a  bottle  tied  to  the 
end  of  a  long  sdck,  otherwise  the  opemtor*B 
face  and  eyes  wiU  be  endangered.  If  it  be 
poured  on  perfectly  dry  charcoal  powder,  it  ex- 
dtes  combustion,  with  the  emission  of  copious 
fumes.  By  bdling  it  with  sulphur  it  is  decom- 
posed, and  its  oxygen,  uniting  with  the  sulphur, 
forms  sulphuric  acid« 

Proust  has  ascertained,  that  add  having  the 
spedfic  gravity  1.48,  hssno  more  action  on  tin 
than  on  wmd,  while  add  somewhat  stoonger  or 
weaker  acts  furiously  on  the  metaL  Now,  add 
of  1.485,  by  my  toble,  consists  of  one  prime  of 
real  add  united  with  two  of  water,  constituting, 
it  would  thus  appear,  a  peculiarly  powerful 
combinatiou. 

Acid  which  takes  up  -ff^  of  its  weight  of 
marble,  freezes,  according  to  Mr.  Cavendish, 
at  —  2*.  When  it  can  dissolve  ^^ft^  it  requires 
to  be  cooled  bo —  41^6'before  congelation ;  and 
when  so  much  diluted  as  to  take  up  only  -^fyy 
it  congeals  at— 40°.3.  Thefixsthasaspe^c 
gravity  of  1.330  nearly,  and  consists  of  1  prime 
ofdryacid  +  7ofwater;  the  second  has  a  spe. 
dfic  gravity  of  1.420,  and  contains  exactly  one 
prime  of  ^  add -f-  four  of  water ;  while  the 
third  has  a  spedfic  gravity  of  1.215,  consisting 
of  one  prime  of  add  -)-  14  of  water.  We 
perceive,  that  the  liquid  add  of  1.420,  com- 
posed of  4  primes  of  water  -)-  one  of  dry  add, 
possesses  the  grestest  power  of  resisting  the 
influence  of  temperature  to  dutnge  its  state.  It 
requires  the  maximum  heat  to  boH.  it,  when  it 
distils  undianged ;  and  the  maximum  cold  to 
effect  its  oongdatian. 

The  ookmr  of  the  add  is  afiected  by  the 
quantity  of  nitric  oxide  it  holds,  and  ^  H. 
l)avy  has  given  us  the  fdlowing  table  of  pro- 
portions answering  to  its  difierent  hues. 
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COLOVB. 

Real  Actd. 

Nitric  Oxide, 

Wateh, 

Ptleydlow, 

90.6 

1.2 

as 

Bright  ydlow, 

88.94 

2.96 

&10 

Dark  orange. 

86.84 

5.56 

7.6 

Light  oIiTe, 

8&0 

6.45 

7.56 

Dark  oUve, 

854 

7.1 

7.5 

Br^ht  green, 

848 

776 

7.44 

Blue  green. 

84.6 

8. 

7.4 

Bat  these  colours  are  not  exact  indications 
of  the  state  of  the  acid,  for  an  addition  of  water 
will  change  the  colour  into  one  lower  in  the 
scale,  so  that  a  considerable  portion  of  water 
will  change  the  dark  orange  to  a  blue-grecn. 

Nitric  acid  is  of  considerable  use  in  the  arts. 
It  is  employed  for  etching  on  copper ;  as  a 
solvent  of  tin  to  form  with  that  metal  a  movdant 
for  some  of  the  finest  dyes ;  in  metallurgy  and 
assaying ;  in  various  chemical  processes,  on 
account  of  the  facility  with  which  it  parts  with 
oxygen  and  dissolves  metals ;  in  medicine  as 
a  tonic,  as  also  in  form  of  vapour  to  destroy 
contagion.  For  the  purposes  of  the  arts  it  is 
commonly  used  in  a  diluted  state,  and  conta- 
minated with  the  sulphuric  and  muriatic  adds, 
by  the  name  of  aquafirtU.  Two  kinds  are 
found  in  tlie  shops,  one  called  double  agua- 
JbrtU,  which  is  about  half  the  strength  of 
nitric  add ;  the  other  sunply  aquafirtU^  which 
is  half  the  strength  of  the  double. 

A  compound  made  by  mixing  two  parts 
of  the  nitric  add  with  one  of  muriatic,  known 
formerly  by  the  name  of  aqua  regia^  and  now 
by  that  of  nitro^muriaHc  acid^  has  the  pro- 
perty of  dissolving  gold  and  platina.  On  mix- 
ing the  two  adds,  heat  is  given  out,  an  effer- 
vescence takes  place,  and  tlhe  mixture  acquires 
an  orange  colour.  This  is  likewise  made  by 
adding  gradually  to  an  ounce  of  powdered 
muriate  of  ammonia  four  ounces  of  double 
aquafortis,  and  keeping  the  mixture  in  a  sand 
heat  till  the  salt  is  dissolved  ;  taking  care  to 
avoid  the  fumes,  as  the  vessel  must  be  left 
open ;  or  by  distilling  nitric  add  with  an  equal 
weight,  or  rather  more,  of  common  salt 

On  this  subject  we  are  indebted  to  Sir  H. 
Davy  for  some  excellent  observations,  pub- 
lished by  him  in  the  first  volume  of  the  Jour- 
nal of  Science.  If  strong  nitrous  add,  satu- 
rated with  nitrous  gas,  be  mixed  with  a  satu- 
rated solution  of  muriatic  add  gaa,  no  other 
effect  is  produced  than  mi^t  be  expected  ftom 
the  action  of  nitrous  add  of  the  same  strength 
on  an  equal  quantity  of  water;  and  the  mixed 
add  so  rormed  has  no  power  of  action  on  gold 
or  platina.  Again,  if  muriatic  add  gas,  and 
nitrous  gas,  in  equal  volumes,  be  mixed  toge- 
ther over  mercury,  and  half  a  volume  of  oxy- 
gen be  added,  tlie  immediate  condensation  will 
be  no  more  than  might  be  expected  firom  the 
formation  of  nitrous  acid  gas.  And  when  this 
is  decomp<ised,  or  absorbed  by  the  mercury, 
the  muriatic  add  gas  is  tbund  unaltered,  mixed 
with  H  certain  portion  of  nitrous  gas. 


It  appears  then  that  nitrout  add,  and  mu- 
riatic add  gas,  hare  no  chemical  action  on 
each  other.  If  coUmrle$$  nitric  add  and  mu- 
riatic  add  of  commerce  be  mixed  together, 
tfie  mixture  immediatdy  becomes  yellow,  and 
gains  the  power  of  dissolving  gold  and  plati- 
num.  If  it  be  .gently  heatol,  pure  chlorioe 
arises  from  it,  and  the  colour  becomes  deeper. 
If  the  heat  be  longer  continued,  chlorine  still 
rises,  but  mixed  with  nitrous  add  gas.  When 
the  process  has  been  very  long  continued  till 
the  colour  becomes  very  deep,  no  more  chlo- 
rine can  be  procured,  and  it  loses  its  power  of 
acting  upon  platinum  and  gold.  It  is  now 
nitrout  and  muriatic  adds.  It  appears  then 
firom  these  observations,  wludi  have  been  very 
often  repeated,  that  nitro-muriatlc  add  owes 
its  peculiar  properties  to  a  mutual  deoompom- 
tion  of  the  nitric  and  muriatic  adds ;  and  that 
water,  dilorine,  and  nitrous  add  gas,  are  the 
results.  Thou^  nitrous  gas  and  chlorine  have 
no  action  on  each  other  when  perfectly  dry, 
yet  if  water  be  present  there  is  an  immediate 
decomposition,  and  nitrous  acid  and  muriatic 
acid  are  formed.  118  parts  of  strong  liquid 
nitric  add  being  decomposed  in  this  case, 
yidd  67  of  chlorine.  Aqua  regia  does  not 
oxidize  gold  and  platina.  It  merely  causes 
their  combination  with  chlorine. 

A  bath  made  of  nitro-muriatic  add,  diluted 
so  much  as  to  taste  no  sourer  than  vinegar,  or 
of  such  a  strength  as  to  prick  the  skin  a  little, 
after  being  exposed  to  it  for  twenty  minutes  or 
half  an  hour,  has  been  introduced  by  Dr.. 
Scott  of  Bombay  as  a  remedy  in  dtronic  siphy* 
lis,  a  variety  of  ulcers  and  diseases  of  the  skin, 
chronic  hepatitis,  bilious  dispontions,  general 
debUity,  and  languor.  He  considers  every 
trial  as  quite  ioconduitive  where  a  ptyalism, 
some  affliction  of  the  gums,  or  some  very  evi- 
dent  constitutional  effect,  has  not  arisen  f^com 
it.  The  mtemal  use  of  the  same  add  has  been 
recommended  to  be  conjoined  with  that  of  the 
partial  or  general  bath. 

With  the  difiPerent  bases  the  nitric  add 
forms  nitrates. 

The  nitrate  of  barytes,  when  perfectly 
pure,  is  in  regular  octa^dral  crystals,  though 
it  is  sometimes  obtained  in  small  shining 
scales.  It  may  be  prepared  by  uniting  bary- 
tes directly  with  nitric  add,  or  by  decomposing 
the  carbonate  or  sulphuret  of  baiytes  with 
this  add.  Exposed  to  heat  it  decrepitates,  and 
at  length  gives  out  its  add,  which  is  decom- 
posed ;  but  if  tlie  heat  be  urged  too  far,  the 
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boytes  k  spt  to  nitrify  with  the  cuth  of  the 
crucible.  It  is  sdliibLe  in  12  parts  of  cold,  and 
3  or  4  of  boiling  water.  It  u  said  to  exist  in 
tome  mineral  waters.  It  contista  of  6.^6  add 
+  9.75  base. 

Tbe  nitrate  of  potssfais  the  salt  well  known 
by  the  name  (d nitre  or  saitpetre.  It  is  found 
ready  formed  in  the  East  Indies,  in  Spain,  in 
the  kingdom  of  Naples,  and  elsewhere,  in 
considerable  qoantities  ;  but  nitrate  of  lime  is 
still  nMxe  abundant.  Far  the  greater  part  of 
the  nitoCe  made  use  of  is  produced  by  a  com- 
2xuiation  of  circumstances  which  tend  to  com- 
pose and  condense  nitric  acid.  This  add  ap- 
pears  to  be  piodnoed  in  all  situations,  where 
snimal  matters  are  completely  decomposed 
with  access  of  air,  and  <^  proper  substances 
with  which  it  can  readily  combine.  Grounds 
frequcndy  trodden  by  cattle,  and  impregnated 
with  their  exczementa,  or  the  walls  of  inha- 
bited  places,  where  putrid  animal  vapours 
abound,  such  ss  slaughter-booses,  drains,  or 
the  like,  afibrd  nitre  by  long  exposure  to  the 
air.  Artificial  nitre  beds  are  made  by  an  au 
tention  to  the  drcnmstannes  in  which  this  salt 
Is  produced  by  nature.  Dry  ditches  aie  dug, 
and  covered  with  sheds,  open  at  the  sides,  to 
keep  off  the  rain :  these  are  filled  with  animsl 
substances  such  as  dung,  or  other  ezoe- 
meota,  with  the  remains  of  vegetables,  and 
old  mortar,  or  other  loose  calcareous  earth; 
this  substance  being  found  to  be  the  best  and 
most  convenient  receptacle  fbr  the  acid  to  com- 
bine with.  Occasional  watering,  and  turning 
np  from  time  to  time,  are  necessary  to  accele- 
rate the  process,  and  increase  the  surftoes  to 
aiiich  the  air  may  apply ;  but  too  much  moist- 
ure is  hurtfoL  Whea  a  certain  portion  of 
mtiate  is  formed,  the  process  appears  to  go  on 
moie  quickly ;  but  a  certain  quantity  stops  it 
altogether,  and  after  this  cessation  the  mate- 
rials wUh  go  on  to  furnish  more,  if  what  is 
fcnned  be  extracted  by  lixiviation.  After  a 
siircfssioo  of  many  months,  more  or  less,  ac- 
ootding  to  the  management  of  the  operation,  in 
whkh  the  action  of  a  regular  current  of  fresh 
air  is  of  the  greatest  importance,  nitre  is  found 
in  the  mass.  If  the  beds  contained  much  ve- 
getable matter,  a  consideraUe  portion  of  the 
nitiDos  salt  will  be  common  saltpetre ;  but  if 
otherwise,  the  add  will,  fbr  the  most  pan,  be 
combined  with  the  calcareous  earth. 

To  extract  the  asltpetre  from  the  mass  of 
earthy  matter,  a  number  of  lai^  casks  are 
prepoed,  with  a  cock  at  the  bottom  of  each, 
and  a  quantity  of  straw  within,  to  prevent  its 
being  stopped  upb  Into  these  the  matter  is  put, 
together  with  wood-ashes,  dther  strewed  at 
top,  or  added  during  the  filling.  Boiling  water 
is  then  poured  on,  and  suffered  to  stand  for 
some  time ;  after  which  it  is  drawn  off,  and 
odier  water  added  in  the  same  manner,  as  long 
as  my  salizie  matter  can  be  thus  extracted. 
The  weak  brine  is  heated,  and  passed  through 
other  tubs,  until  it  becomes  of  considerable 


strength.  It  is  then  carried  to  the  boiler,  and 
contains  nitre  and  other  salts ;  the  chief  of 
which  is  common  culinary  salt,  and  sometimes 
muriate  of  msgnesia.  It  is  the  property  of 
nitre  to  be  mui£  more  soluble  in  hot  than  cold 
water;  but  common  salt  is  very  nearly  as 
soluble  in  cold  as  in  hot  water.  Whenever, 
therefore,  the  evaporation  is  carried  by  boiling 
to  a  certain  point,  much  of  the  common  salt 
will  fall  to  the  bottom,  far  want  of  water  to 
hold  it  in  solution,  though  the  nitre  will  re- 
main suspended  by  virtue  of  the  heat  The 
common  salt  thus  separated  is  taken  out  with 
a  perforated  ladle,  and  a  small  quantity  of  the 
fluid  is  cooled,  from  time  to  time,  that  its  eon-  ^ 
centration  may  be  known  by  the  nitre  which 
crystallizes  in  it.  When  the  fluid  is  suf. 
ficiently  evaporated,  it  is  taken  out  and  cooled, 
and  grett  part  of  the  nitre  sepsrates  in  crystals ; 
while  the  remaining  conunon  salt  continues 
dissolved,  because  equally  soluble  in  cold  and 
in  hot  water.  Subsequent  evaporation  of  the 
residue  will  separate  mors  nitre  in  the  same 
manner.  By  the  suggestion  of  Lavoisier,  a 
much  sunpler  plan  wss  sdopted ;  reducing  the 
crude  nitre  to  powder,  and  washing  it  twice 
with  water. 

This  nitre,  which  is  called  nitre  of  the 
first  boiling,  contains  some  common  salt; 
from  which  it  may  be  purified  by  solution  in 
a  small  quantity  of  water,  and  subsequent 
evaporation;  for  the  crystals  thus  obtained 
are  much  less  contaminated  with  common  salt 
than  before;  because  the  proportion  of  water 
is  so  much  larger,  with  respect  to  the  small 
quantity  contained  by  the  nitre,  that  very 
Uttle  of  it  will  crystallize.  For  nice  purposes, 
the  solution  and  crystaUization  of  nitre  are  re- 
peated four  times.  The  crystals  of  niire  arc 
usually  of  the  form  of  six-sided  flattened 
prisms,  with  diedral  summits.  Its  taste  is 
penetrating ;  but  the  cold  produced  by  placing 
the  salt  to  dissolve  in  the  mouth,  is  such  as  to 
predominate  over  the  real  taste  at  firsL  Seven 
parts  of  water  dissolve  two  of  nitre,  at  the 
temperature  of  nxty  degrees ;  but  boiling  water 
dissolves  its  own  wdghu  100  parts  of  alco- 
hol, at  a  heat  of  176°,  dissolve  only  2.9.  Its 
constituents  are  nitric  add  6»75'\-']^iuh  6. 

On  bdng  exposed  to  a  gentle  heat  nitre 
fuses;  and  in  this  state  hSng  poured  into 
moulds,  so  as  to  form  little  round  cakes,  or 
balls,  it  is  called  talpruneUa^  or  cryital  «n»- 
meraL  ^ 

This  salt  powerfully  promotes  the  com- 
bustion of  inflammable  substances.  Two  or 
three  parts  mixed  with  one  of  charcoal,  and  set 
on  fire,  bum  rapidly ;  azote  and  caibcmic  add 
gas  are  given  out,  and  a  small  portion  of  the 
latter  is  retained  by  the  alkaline  residuum, 
which  was  formerly  cslled  clytsus  of  nitre. 
Three  psrts  of  nitre,  two  of  subcarbonate  of 
potash, -and  one  of  sulphur,  mixed  together  in 
a  warm  mortar,  form  the/»/i»iiiaiiii^  poxtder  ; 
a  small  quantity  of  which,  laid  on  a  fire  shovel. 
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and  lidd  ofor  llie  file  tffl  it  be^  to  mcit,  ex- 
plodes with  A  loud  ihvp  ooiie.  Mixed  wilii 
nlplniT  end  chaioml  it  fbrms  gunpowder. 
See  OvKPOWBEA. 

Three  parts  of  nitie,  one  of  sulphur,  and 
one  of  fine  eaw^ust,  wdl  mixed,  oonstitute 
what  is  called  the  powder  of  fnsioD.  If  a  bit 
of  base  copper  be  folded  up  and  covered  with 
this  powder  in  a  walnut-shell,  and  the  powder 
be  set  on  fire  with  a  lighted  paper,  it  will  de- 
tonate rapidly,  and  Aim  the  metal  into  a  glo- 
bule of  sulpburet  without  buning  the  shell. 

8ilex,  alumina,  and  barj^tes,  decompose  this 
salt  in  a  high  temperature  by  uniting  with  its 
base.  The  alumina  will  efffcct  this  even  after 
it  has  been  made  into  pottery. 

The  uses  of  nitre  are  various.  Beside  those 
aheady  indicated,  it  enters  into  the  composi- 
tion of  fluxes,  and  is  extensively  employed  in 
metallurgy;  it  serves  to  promote  the  com- 
bustion or  sulfur  in  tkbricating  its  add ;  it  is 
used  in  lihe  art  of  dyeing;  it  is  added  to  com- 
mon salt  for  preserving  meat,  to  which  it  gives 
a  red  hue ;  it  is  an  ingredient  in  some  fHgoiri- 
fic  mixtures ;  and  it  is  prescribed  in  medidne, 
as  cooling,  febrifuge,  and  diuretic ;  and  some 
have  recommended  it  mixed  with  vinegar  as  a 
voy  powerful  remedy  for  the  sea  scurvy. 

Nitrate  of  soda,  formerly  caUed  cubic  or 
quadrangular  nUrty  approaches  in  its  proper- 
ties to  t&  nitiate  of  potash ;  but  difiers  f(om 
It  in  behig  somewhat  more  soluble  in  cM 
water,  though  less  in  hot,  whkh  takes  up  lit- 
tle more  than  its  own  weighty  in  being  inclined 
to  attract  moisture  from  the  atmosphere ;  and 
in  OTStallizIng  in  rhombs,  or  rhomboldal 
prisms.  It  may  be  prepared  by  sataradng 
soda  with  the  nitric  add;  by  predpitating 
nitric  solutions  of  the  metals,  or  of  the  earths, 
except  barytes,  by  soda;  bv  lixiviating  and 
ciystsllizing  the  residuum  of  common  salt  die- 
tiUed  with  three-fourths  its  weight  d  nitric 
add ;  or  by  saturating  the  mother  waters  of 
nitre  widi  soda  faistead  of  potash. 

This  salt  has  been  considered  aS useless; 
but  professor  Proust  says,  that  five  parts  of  it, 
with  one  of  cbaroaal  and  one  of  solphnr,  will 
bum  three  times  as  long  as  common  powder, 
so  as  tn  form  an  economical  composition  fbr 
fiie-works.    It  consists  of  6.76  add  +  4.  soda. 

Nitrate  of  stnmtian  may  be  obtained  in  the 
same  nwnner  as  that  of  barytes,  with  which  it 
agrees  in  the  shape  of  its  crystals,  and  most  of 
its  properties.  It  is  much  more  soluble,  how- 
ever, requiring  but  four  or  five  parts  of  water 
according  toVauquelin,  and  only  an  equal 
wdght  according  to  Mr.  Henry.  Boiling 
water  dissolves  nearly  twice  as  much  as  col£ 
Applied  to  the  wick  of  a  candle,  or  added  to 
burning  alcohol,  it  gives  a  deep  red  colour  to 
the  flame.  On  this  account  it  is  useftil  in  the 
art  of  pyrotechny.  It  consists  of  tf.76  add -f 
6.6  stvontites. 

Nitrate  of  lime,  the  cakareout  nitre  dtitdm 
writets,  abounds  in  the  mortar  of  old  buQdings, 


particnlaily  Aose  that  have  been  mudi  exposed 
to  anhnal  effluvia,  or  processes  in  which  aaole 
is  set  free.  Hence,  it  abounds  in  nitre  beds, 
as  was  observed  when  treating  of  the  nitrate  of 
potash.  It  may  alio  be  prepared  aitifidally, 
by  pouring  dilute  nitric  add  on  carbonate  of 
Ihne.  If  the  sbludon  be  bdled  down  to  a 
syrupy  consistence,  and  exposed  In  a  cool 
place,  it  crystallises  in  long  pnsms,  resembling 
bundles  of  needles  divoging  from  a  centre. 
These  are  soluble,  aecordmg  to  Heray,  in  an 
equal  weight  of  boiling  water,  and  twice  dieir 
wdfffat  of  cold;  soon  ddiqueaoe  on  exposure 
to  me  air,  and  are  decomposed  at  a  red  heat. 
Fouroroy  says,  that  cold  water  dissolves  fbar 
times  its  wdght,  and  that  its  own  water  of 
crystallization  is  sufficient  to  dissolve  it  at  a 
boiling  heat.  It  is  likewise  soluble  in  less 
than  its  weight  of  sicohol.  By  evaporating  the 
aqueous  solution  to  dryness,  continuing  the 
heat  till  the  nitrate  ftises,  keepfaig  it  hi  this 
state  five  or  ten  minutes,  and  men  pouring  it 
into  an  iren  pot  previously  heated,  we  obSdn 
JBaldwin't  photphorui.  This,  which  is  per- 
haps  more  properly  nUrtOe  ef  Ome^  bdng 
broken  to  pieces,  and  kept  in  a  nhial  dosely 
stopped,  will  emit  a  beaatifnl  white  tight  in 
the  dark,  afler  having  been  exposed  some  time 
to  the  rays  of  the  sun.  At  present  no  use  is 
made  of  this  salt,  except  for  drying  some  of 
the  ffases  by  attracting  uehr  moisture ;  but  ft 
might  be  emploved  instead  of  the  nitrate  of 
potash  for  nianuftcturing  aquafortis. 

The  nitrate  of  ammonia  possesses  die  pro- 
perty  of  exploding  and  befa^  totally  decom- 
posed, at  the  temperature  of  000*;  whence  it 
acquired  the  name  of  filfmm  jiammanx.  The 
readiest  mode  of  preparing  it  is  by  adding 
carixmate  of  ammonia  to  dUute  nitric  add  till 
saturation  takes  place.  If  diis  solution  be 
evaporated  in  a  heat  between  70*  and  lOO**, 
and  the  evaporation  not  carried  too  far,  it 
crystallises  in  hexa^idral  prisms  terminating  in 
very  acute  pyramids :  if  the  heat  rise  to  2129^^ 
it  will  afibrd,  on  cooBng,  long  fibrous  sflky 
crystals :  if  the  evaporation  be  carried  so  for  as 
fbr  the  salt  to  concrete  immediately  on  a  glaas 
rod  by  cooling,  it  will  form  a  compact  masa* 
According  to  8ir  H.  Davy,  these  diffbr  but 
littls  from  eadi  other,  except  in  the  water 
diey  contain,  their  component  parts  bdng  as 
follows: 


{IS.4 
l9.ai 
19-8 


{11.1 
S.3 
5.T 


AH  these  are  completely  ddiqnescent,  but  they 
differ  a  little  in  sohiWlity.  Alcohol  at  17fi» 
dissolves  nearly  90.9  of  its  own  weiffhr. 

When  dried  as  much  as  posdbfe  without 
decompodtion,  it  consists  of  6.76  add  -|-  2. 125 
ammonia  -f  1.126  water. 
'  The  chief  use  of  this  salt  is  for  afibidlng 
nitrous  oxide  on  bdng  decomposed  by  heat* 
8ee  NiTAOGEv  (Oxide  of). 
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laObes  in  fiwp-sided  rhomb<^aI  priraas,  with 
obliqae  or  trancBted  samimts,  and  looietiines 
in  bnodleo  of  small  needlei.  Its  taste  is  bitter, 
and  Toy  ondlar  to  that  of  nitrate  of  lime»  but 
Ins  puDgjent.  It  »  fiudble,  and  decomposable 
hj  heat,  ^iviiig  out  first  a  little  oxygen  gas, 
t£a  nitraoa  oxide,  and  lastly  nitric  add.  It 
ddiqnesoes  sloirly.  It  is  soluble  in  an  equal 
wei^  of  eoM  vstcE,  and  in  but  little  more 
of  hot  so  that  it  la  seaioely  oystallixable  bat 
by  ipoofaDeoua  evaporatioD. 

The  two  preceding  species  are  capable  of 
combining  into  a  ti^le  salt,  an  ammoniaco- 
magneaian  nitrate,  either  by  uniting  the  two  in 
•olution,  or  by  a  partial  decompositioo  of  either 
by  meaxB  of  the  base  of  the  other.  This  is 
slightly  inflanmoaUe  when  suddenly  heated; 
and  by  a  lover  heat  is  decomposed,  giving  out 
oxygen,  aaote*  more  water  than  it  contidned, 
mtxons  oxide,  and  nitric  add.  The  residuum 
is  pm«  magnesia.  It  is  disposed  to  attnct 
moistiire  firm  the  air,  but  is  much  less  deli- 
quoMent  than  either  (k  the  salti  that  compose 
ii,  and  reqnircs  deven  parts  of  water  at  8(y»  to 
dissolve  it.  Boiiittg  water  takes  op  more,  so 
iliat  it  win  cryatalfixe  by  cooling.  It  consists 
of  78  parts  of  nitrate  of  mi^pesia,  and  22  of 
nitrate  of  ammonia. 

¥tam  the  acdvity  of  die  nitric  add  as  a 
solvcBt  of  earths  in  analyxation,  the  nitrate  of 
^adne  is  better  known  than  any  other  of  the 
sain  of  this  new  earth.  Its  form  is  either 
pohaulent,  or  a  tenadoos  or  ductile  mass. 
Its  taste  is  at  first  saodiarine,  and  afterwards 
sotringent.  It  grows  soft  l^  exposure  to  heat, 
aooQ  melts,  its  add  is  decomposed  into  oxygen 
ad  aaote,  and  its  base  alone  b  left  behind.  It 
is  vciy  soliible  and  very  ddif  uescent. 

Kitmte,  or  rather  supenutrate,  of  alumina 
ayitaDisea,  though  with  difficulty,  in  thin, 
sflit,  p&Ade  flakes.  It  is  of  an  austere  and 
add  taste,  and  reddens  blue  vegetable  colours. 
It  may  be  finned  by  dissolving  in  diluted 
nitik  add,  with  the  asnstance  of  heat,  ftesh 
pBwytalfd  alumina,  well  washed  but  not 
and  It  is  deliquescent,  and'  soluble  in  a 
ray  amaO  portion  &(  water.  Aleohd  dissdves 
its  own  wc^L.  It  is  essily  decomposed  by 
heat. 

Nitrate  of  zircone  was  first  discovered  by 
Kl^totfa,  «id  has  nnce  been  examined  by 
Guytoo-Horveau  and  Vanquelin.  Its  crystals 
sre  snail,  o^iDary,  silky  needles.  Its  taste  ii 
Httingent.  It  is  easUy  decomposed  by  fire, 
very  solofale  in  water,  and  deliquescent.  It 
m^  be  prepared  1^  dissolving  aroone  in  strong 
iddie  seid ;  bot,  like  the  pRcedffig  spedes,  the 
add  is  always  in  excess. 

Nittate  of  yttiia  may  be  prepared  in  a  similar 
BMBBcr.  Ita  taste  is  Swedish  and  astringent 
It  is  scncdy  to  be  obtained  in  crystals;  and 
tf  it  be  evaporated  by  too  strong  a  heat,  the 
■■b  beooBBCs  soft  like  honey,  and  on  cooliog 
I  into  a  stony  man.    See  Salt. 


ACID  (NITROUS).  Tfafa  add  is  obtehied 
by  exposing  nitrate  of  lead  to  heat  in  a  glass 
retort.  Pure  ttUrotu  add  comes  over  in  the 
form  of  an  oranffe^coloured  liquid.  It  is  so 
volatile  as  to  bou  at  the  temperature  of  82o. 
Its  spedfic  gmvity  is  1.4fiO.  When  mixed 
with  water  it  is  decomposed,  and  nitroiis  gas 
is  disengaged,  oocadoning  effervescence.  It  is 
composed  of  one  volume  of  oxygen  united  with 
two  of  nitrous  gas.  It  therefore  oondsts  ulti- 
mately, by  weight,  of  1.75  nitrogen  -f  4 
oxygen ;  by  measure,  of  2  oxygen  4- 1  nitro- 
gen.  The  various  coloured  adds  of  nitre  are 
not  nitrous  adds,  but  nitric  add  impregnated 
with  nitrous  gas,  Ae  deutoxide  of  nitrogen  or 
azote.  (See  the  preceding  table  of  Sir  H.  Davy, 
concerning  the  coloured  add). 

ACID  (HYPONITROUS).  Itappean, 
from  the  experiments  of  M.  Cray  Lnisssc,  that 
there  exists  a  third  add,  foimea  of  100  aasote 
and  160  oxygen.  When  into  a  test  tube  filled 
with  mercury,  we  pass  up  from  600  to  000 
volumes  of  deutoxide  of  azote,  a  little  alkaline 
water,  and  100  parts  of  oxygen  gas,  we  obtain 
an  absorption  of  AOO,  prooeedii^  firarm  the  con* 
densation  of  the  100  parts  of  oxygen  with  400 
of  deutoxide  of  asote.  Now  these  400  parts 
are  composed  of  200  azote  and  2(H>  oxygen  ; 
consequently  the  new  add  is  composed  of 
azote  and  oxygen,  in  the  ratio  of  100  to  160* 
as  we  have  sakTabove.  It  is  the  same  add, 
according  to  M.  Gay  Lussac,  which  is  produced 
on  leaving  fat  a  long  time  a  strong  solution  of 
potash  in  contact  with  deutoxide  of  azote.  At 
tlie  end  of  three  months  he  found  that  100 
parts  of  deutoxide  of  azote  were  reduced  to  2& 
of  protoxide  of  azote,  and  that  crystals  of 
hf/ponUrite  {pemitrUe)  were  fomied. 

Hyponiirout  add  (called  pemiirout  by  the 
French  diemlsts),  cannot  be  insulated.  A» 
soon  as  we  lay  hold,  by  an  add,  of  the  potash 
with  which  it  is  associated,  it  is  transformed 
into  deutoxide  of  assote,  which  is  disengaged,, 
and  into  nitrous  or  nitric  add  which  remams- 
in  solution. 

ACID  (NITRO.LEUCIC>  Leuche  is 
capable  of  uniting  to  nitric  add,  and  forming 
a  compound,  which  M.  Braconnot  has  called 
the  niteo-lendc  add.  When  we  dissolve  leu. 
dne  in  nitric  add,  and  evaporate  the  solution 
to  a  certain  point,  it  passes  into  a  crystalline 
nuus,  without  any  disengagement  of  nitrous 
vsponi^  or  of  any  gaseous  matter:  If  we  press 
diis  mass  between  blotting  paper,  and  redis- 
solve  it  in  water,  we  shall  obtain  from  this,  by 
concentration,  fine,  divergent,  and  neaify 
coloudeas  needles.  These  constitute  the  new 
add.  It  unites  to  the  bases  forming  salts, 
which  fuse  on  redUhot  coals.  The  nitro-leu- 
cates  of  Ihne  and  magnesia  are  unalterable  in 
theahr. 

ACID  (NITRO-SACCHARIC).  When 
we  heat  the  sugar  cf  gelatine  with  nitric  add, 
it  dissolves  without  any  apparent  disengage-^ 
nimtofgB8,andif  weevapmtethis  Kdutkm 
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to  a  pioper  degree,  it  forms,  on  oooUng,  a 
ciysteUine  rnasa.  On  pressing  this  mass  be- 
tween the  folds  of  blotting  paper,  and  recry. 
stallizing  them,  we  obtain  b^iutiful  prisms, 
colourless,  transparent,  and  slightly  striated. 
These  crystals  are  very  different  from  those 
whidi  serve  to  produce  them;  constitute, 
according  to  M.  Braconnot,  a  true  acid,  which 
results  from  the  combination  of  the  nitric  add 
itself,  with  the  sweet  matter  of  which  the  first 
crystals  are  formed.  M.  Thenard  conceives  it 
is  the  nitrous  acid  which  is  present. 

Nitro-saccharic  acid  has  a  taste  similar  to 
that  of  the  tartaric ;  only  it  is  a  little  sweetish. 
Exposed  to  the  fire  in  a  capsule,  It  froths 
much,  and  is  decomposed  with  the  difiiision 
of  a  pungent  smelL  Thrown  on  burning  coals 
it  acts  luLe  saltpetre.  It  produces  no  change 
in  saline  solutions.  Finally,  it  combines  with 
the  bases,  and  gives  burth  to  salts  which  pos- 
sess peculiar  propwerties.  For.  example,  the  salt 
which  it  forms  with  lime  is  not  deliquescent, 
and  is  very  little  soluble  in  strong  alcohoL 
That  which  it  produces  with  the  oxMe  of  lead 
detonates  to  a  certain  degree  by  the  action  of 
heat     Ann,  de  Chimie  et  de  Fhyt.  xiii.  113. 

ACID  (NITRIC,  OXYGENIZED).  In 
our  general  remarks  on  acidity,  we  have  de- 
scribed j!^I.  Thenard*s  newly  discovered  method 
of  oxygenizing  the  liquid  adds.  The  first  that 
he  examined  was  the  combination  of  nitric  add 
and  oxygen.  When  the  peroxide  of  barium, 
prepared  by  saturatirig  barytes  with  oxygen,  is 
moistened,  it  falls  to  powder,  without  much 
increase  of  temperature.  If  in  this  state  it  be 
mixed  with  seven  or  dght  times  its  wdght  of 
water,  and  dilute  nitric  add  be  gradually 
poured  upon  it,  it  dissolves  gradually  by  agi- 
tation^  without  the  evolution  of  any  gas.  The 
solution  is  neutral,  or  has  no  action  on  turn- 
sole or  turmeric.  When  we  add  to  this  solution 
the  requisite  quantity  of  sulphuric  acid,  a 
copious  precipitate  of  sulphate  of  barytes  falls, 
and  the  filtered  liquor  is  merely  water,  holding 
in  solution  oxygenized  nitric  acid.  This  acid 
is  liquid  and  colourless:  it  strongly  reddens 
turnsole,  and  resembles  in  all  its  properties 
nitric  add. 

When  heated  it  immediately  begins  to  dis- 
charge oxygen ;  but  its  decomposition  is  never 
complete,  unless  it  be  kept  boiling  for  some 
time.  The  only  method  which  M.  Themurd 
found  successful  for  concentrating  it,  was  to 
place  it  in  a  capsule,  under  the  recdver  of  an 
air-pump,  along  with  another  capsule  full  of 
lime»  and  to  exhaust  the  receiver.  By  this 
means  he  obtained  an  acid  sufficiently  concen- 
trated to  give  out  11  times  its  bulk  of  oxygen 

This  acid  combines  very  wdl  with  barytes, 
potash,  soda,  ammonia,  and  neutralizes  them. 
When  crystaUIxation  commences  in  the  liquid, 
by  even  a  spontaneous  evaporation,  these  salts 
are  instantly  decomposed.  The  exhausted  re- 
cdver aLto  decomposes  them.  The  oxygenized 


nitntes,  when  changed  into  common  BitMlesy 
do  not  change  the  state  of  dieir  neutralization- 
Strong  solution  of  potash  poured  into  their 
solutions  decomposes  them. 

Oxygenized  nitric  add  does  not  act  on  gold ; 
but  it  dissolves  all  the  metids  which  the  com- 
mon add  acts  on,  and  when  it  is  not  too  concen- 
trated, it  dissolves  them  without  efiervesceuoe. 
Deutoxide  or  peroxide  of  barium  contains  juat 
double  the  proportion  of  oxygen  that  its  prot- 
oxide docs.  But  M.  Thenard  says,  tliat  the 
barytes  obtained  from  the  nitrate  by  igoitioii 
contains  always  a  little  of  the  peroxide.  When 
oxygenized  nitric  add  is  poured  upon  oxide  of 
silver,  a  strong  effervescence  takes  place,  owing 
to  the  disengagement  of  oxygen.  One  portion 
of  the  oxide  of  silver  is  dissolved,  the  other  is 
reduced  at  first,  and  then  dissolves  likewise, 
provided  the  quantity  of  acid  be  sufficient. 
The  solution  being  completed,  if  we  add  potash 
to  it,  by  little  and  little,  a  new  effervescence 
takes  place,  and  a  dark  violet  predpitate  falls ; 
at  least  this  is  always  the  colour  of  the  first 
deposit  It  is  insoluble  in  ammonia,  and, 
according  to  all  appearance,  is  a  protoxide  of 
silver. 

As  soon  as  we  plunoe  a  tube  containing 
oxide  of  silver  into  a  scnution  of  oxygenized 
nitrate  of  potash,  a  violent  effervescence  takes 
place,  the  oxide  is  reduced,  the  silver  prcci. 
pitates,  the  whole  oxygen  of  the  oxygenized 
nitrate  is  disengaged  at  the  same  time  with 
that  of  the  oxide;  and  the  solution,  which 
contains  merely  oommop  nitrate  of  potash, 
remains  neutral,  if  it  was  so  at  first  But 
the  most  unaccountable  phenomenon  is  the 
following:  If  silver,  in  a  state  of  extreme 
division  (fine  filings),  be  put  into  the  oxy- 
genized nitrate,  or  oxygenized  muriate  of 
potash,  the  whole  oxygen  is  inunediately  dis- 
engaged.  The  silver  itself  is  not  attacked, 
and  die  salt  remains  neutral  as  before.  Iron, 
zinc,  copper,  bismuth,  lead,  and  platinum, 
likewise  possess  this  property  of  separating 
the  oxygen  of  the  oxygenized  nitrate.  Iron 
and  zinc  are  oxidized,  and  at  the  same  time 
occasion  the  evolution  of  oxygen.  The  other 
metals  are  not  sensibly  oxidized.  They  were 
all  employed  in  the  state  of  filings.  Gold 
scarcely  acta.  The  peroxides  of  manganese 
and  of  lead  decompose  these  oxynitrates.  A 
very  small  quantity  of  these  oxides,  hi  powder, 
is  sufficient  to  drive  off  the  whole  oxygen  from 
the  saline  solution.  The  effervescence  is  lively. 
The  peroxide  of  manganese  undergoes  no  al- 
teration. 

Though  nitric  add  itself  has  no  action  on 
the  peroxides  of  lead  and  manganese,  th^ 
oxygenized  add  dissolves  both  of  them  with 
the  greatest  facility.  The  solution  is  accom- 
panied by  a  great  disengagement  of  oxygen 
gas.  The  effect  of  silver,  he  thinks,  may  pro- 
bably be  ascribed  to  voltaic  electridty. 

The  remarks  appended  to  our  account  of 
M.  Thenard*s  oxygenized  muriatic  acid  are 
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«4taOy«Ii|itteBbleii>  the  nitric;  frntthephe. 
MBMna  aie  too  cuzions  to  be  omitted  w  « 
«Kk  of  tiie  pfcaeiit  kind. 

ACID  (6Li£IC)l  When  potaah  and  hog's 
ivd  SR  nponified,  the  maigante  of  the  alkali 
aeparates  hi  the  form  of  a  pearly-looking  solid, 
vfaUe  the  fluid  fat  remains  in  solution,  com* 
faincd  with  the  potaah.  When  the  alkali  is 
aepvnted  hy  tartsiie  add,  the  oily  principle  of 
Su,  is  obtaiaed,  which  M .  Gherrenl  puriBes  by 
saponifying  it  agam  and  again,  recovering  it 
two  or  tbiee  timea;  by  which  means  the  whole 
of  cbe  maigaiine  is  separated.  As  this  oil  has 
tile  property  of  sataracing  bases  and  formii^ 
nemnl  compoimda,  he  has  called  it  oleic  aci£ 
In  lus  sixth  memoir,  he  giTsa  the  fi»Uowing 
table  of  xesolts: — 

100  Olde  add  of  human  fat 
Satnzate  Barytss    Strontian         Lead 

2&00  ia4l  82.48 

JOO  Olde  add  of  sheep  &t 

26,77  19^  81.81 

JOO  Olde  add  of  ox  fiit 

2&03  ld.41  81.81 

100  Oleic  add  of  goose  fat 

26L77  19.38  81.34 

100  Oleic  add  of  hog  &t 

27.00  29.38  81.80 

Ofeie  nod  is  an  oily  fluid  without  taste  and 
sbkB.  la  qpedfie  gisvity  is  0.914.  It  is 
fcBaafly  sohible  in  its  own  weis ht  of  boiling 
skrinl»  ^  the  spedfic  gravity  of  0.7952;  but 
seme  wf  die  ▼arieties  are  still  more  soluble. 
itO  of  the  elsie  add  saturate  16.58  of  potash, 
lOLl  1  of  soda,  7.52  of  magnesia,  14.83  of  zinc, 
«id  1X93  peroxide  of  o^per.  M.  Chevreurs 
cxpenBKDtB  have  finally  induced  him  to  adopt 
the  yiantfifiis  of  100  add  to  27  barytes,  as 
tbenMBteoireet;  whence  calling  barytes  9.75, 
*e  hav«  the  eqotvaknt  prime  ot  olde  add  =s 
38L0» 

ACID  (OXALIC]^  This  add  may  be 
sbtaiiftBd  from  sugar  in  the  following  way : 
To  dcB  oomes  of  nitric  add  in  a  stopjwred  re- 
sort, add,  by  degrees,  one  ounce  of  lamp  sugar 
eoanseir  powdered.  A  gentle  heat  may  be 
applied  doriiig  die  solution,  and  nitric  oxide 
mi  be  efolVed  in  abundance.  When  the 
whole  of  Ac  sugar  ia  dissolved,  distil  offapart 
ef  the  acid,  till  what  remains  in  the  retort  has 
A  cyn^y  eonaiaCcBoe,  and  this  will  form  regu- 
las  oyatds,  amounting  to  68  parts  from  100 
of  angai;  These  crystala  must  be  dissolved 
as  water,  RajrataHized,  and  dried  on  blotting 
popes. 

A  variety  of  other  substances  afford  the 
■xalic  add  wfacn  treated  by  distillation  with 
the  oitrie.  Bergman  procured  it  from  honey, 
^m.aaabic,  alcohol,  and  the  calculous  con- 
creciaBs  in  tiie  kidneys  and  bladders  of  aoi- 
mala.  Sdiede  and  Hermbstadt  from  sugar  of 
miUu  Sdisde  ftom  a  sweet  matter  contained 
m  ht  oflt|  sod  also  from  the  nncrystallizablc 


part  ef  the  juice  of  lemons.  Hermbstadt  from 
the  add  of  cherries,  and  the  add  of  tartar. 
Ooettling  ih>m  beech  wood^  Kohl  from  the 
residuum  in  the  distillation  ol  ardent  spirits. 
Westrumb  not  only  from  the  crystallized  adds 
of  currants,  cherries,  dtrona,  nspbciries,  but 
also  from  the  saccharine  matters  of  these  fruits, 
and  from  the  uncrystallizable  parts  of  the  add 
juices.  HofBnann  from  the  juice  of  the  baiw 
berrv ;  and  BerthoUetfrom  silk,  hair,  toidons, 
wool;  alM)  f^rom  other  animal  substances, 
espedally  from  the  coagulum  of  blood,  whites 
of  egg^,  and  likewise  from  the  amylaceous  and 
glutinous  parts  of  flour.  M.  BerthoUet  ob. 
serves,  that  the  quantity  of  the  oxalic  acid 
obtained  by  treating  wool  with  nitric  add  was 
very  considerable,  being  above  half  the  weisht 
of  die  wool  employed.  He  mentions  a  difo. 
enoe  which  he  observed  between  animal  and 
▼cpetable  substances  thus  treated  with  nitric 
acid,  namely,  that  the  fbrmer  yielded,  beside 
ammonia,  a  large  quantity  of  an  oil  which  the 
nitric  acid  could  not  decompose;  whereas  the 
oily  parts  of  vegetables  were  totally  destroyed 
by  the  action  of  this  add :  and  he  remarks, 
that  in  this  instance  the  glutinous  part  of 
flour  resembled  animal  substances,  whereas  the 
amylaceous  part  of  the  flour  retained  its  vege- 
table properties.  He  further  remarks,  that 
the  quantity  of  oxaHc  add  furnished  by  v^e- 
table  matters  thus  treated  is  proportionable  to 
their  nutritive  quali^,  and  particularly  that, 
from  cotton,  he  could  not  obtain  any  sensible 
quantity.  Deyeux,  having  cut  with  scissars 
the  hairs  of  the  chick  pea,  found  they  gave 
out  an  add  liquor,  which,  on  examination, 
proved  to  be  an  aqueous  solution  of  pure  oxalic 
add.  Proust  and  other  chemists  had  before 
observed,  that  the  shoes  of  persons  walking 
through  a  field  of  duck  peas  were  corroded. 

Braconnot  has  latdy  shown,  that  the  crusU 
aceous  lidiens,  such  as  pertutaria  comtnunU^ 
ureeohria  icrupota^  iHdium  coralUnum<t  pa^ 
ieUaria  tariareay  ventota  rvbra,  hematommoy 
bamnice$  ericetorum^  squamaria  lenHgera^ 
piacodium  rad&osmn,  ochroleucum*  psora  can- 
dido^  contain  nearly,  one  half  their  weight  of 
oxalate  of  lime,  a  substance  which  is  to  these 
plants  what  carbonate  of  lima  is  to  corallines, 
and  phosphate  of  lime  to  animal  bones.  Hum. 
boldt  says,  these  are  the  lichens  by  which  the 
earth  void  of  vegetation  in  the  ncrai  of  Peru 
begins  to  be  covered ;  by  their  means  vegeta- 
tion seems  to  commence  on  the  barren  surface 
of  rocks.  By  the  successive  action  of  solution 
of  carbonate  of  soda,  aided  by  a  boiling  heat, 
the  oxalate  of  lime  in  these  plants  is  converted 
into  a  carbonate,  while  oxalate  of  soda  remain^ 
dissolved. 

Oxalic  add  crystallizes  in  quadrilateral 
prisms,  the  sides  of  which  are  alteroatdy  broad 
and  narrow,  and  summits  diednd;  or,  if 
crystaUized  rapidly,  in  small  irregular  needleSk 
They  are  efflorescent  in  dry  air,  but  attract  a 
little  humidity  if  it  be  damp;  are  soluble  b% 

p 


ACI 


ACI 


Mie  paxt  of  hot  and  two  of  cald  water;  and  ai« 
deooniposabie  by  a  red  heat,  leaving 'a  small 
quantity  of  coaly  residaum.  — •  100  parts  of 
doohol  take  np  nearly  56  at  a  boiling  heat,  but 
not  above  40  cold.  Their  acidity  is  so  great, 
that  when  dissolved  in  3600  times  their  weight 
of  water,  the  solution  reddens  litmus  paper, 
and  is  perceptibly  add  to  the  taste. 

The  oKslic  acid  is  a  good  test  for  detecting 
lime^  which  it  separates  from  all  the  other 
adds,  unless  they  are  present  in  excess.  It 
has  likewise  a  greater  affinity  fbr  lime  than 
for  any  other  of  the  bases,  and  forms  with  it  a 
pulvenilent  insoluble  salt,  not  readily  decom- 
posable except  by  fire,  and  turning  syrup  of 
violets  green. 

From  the  oxalate  of  lead«  BerseKus  infen 
its  prime  equivalent  to  be  4.652,  and  by  igne- 
ous decomposition  he  finds  it  resolved  into 
66.584  oxygen,  33.222  carbon,  and  0.244 
hydrogen.  Since  Beizelins  published  his  ana^ 
lysis,  oxalic  add  hss  been  made  the  subject  of 
some  inpenioas  remarks  by  Dobeteiner,  in  the 
16th  VOL  of  Scfaweigger^s  JoumaL  We  see 
Chat  the  carbon  and  oxygen  are  to  each  other 
in  the  simple  ratio  of  1  to  2 ;  or  referred  to 
thdr  prime  equivalent,  as  2  of  carbon  =  1.5, 
to  3  of  oxygen  =  3.0.  This  proportion  is 
what  would  result  from  a  prime  <tf  carbonic 
add  =  C  H-  2.  O,  combined  with  one  of 
oarbonic  oxide  =  C  -f  O.  C  being  carbon, 
and  O  oxygen.  Thfe  «um  of  the  above  wd^ts 
gives  4.5  for  the  prime  equivalent  of  oulic 
add,  disregarding  hydrogen,  whidi  constitutes 
but  1.37th  of  the  whole,  and  may  be  referred 
to  the  imperfoet  dedccation  of  the  oxalate  of 
lead  subjected  to  analysis. 

I  have  found  in  my  experiments  (Phil. 
Trans.  1822),  that  dry  oxalate  of  lead  ignited 
in  contact  with  calomel  in  a  glass  tube,  yields 
DO  trace  of  muriatic  acid,  a  certain  proof  that 
no  hydrogen  exists  in  dry  oxalic  add.  I  found 
4he  prime  equivalent  of  oxalic  add,  in  crystals, 
to  be  7-876)  containing  3  atoms  of  water 
associated  with  the  2  atoms  of  carbon  and  3  of 
oxygen,  which  alone  enter  into  the  above  com- 
l>ination  with  oxide  of  lead,  and  whid)  weigh 
4.5. 

Oxalic  add  acts  as  a  violent  poison  vihen 
swallowed  in  the  quantity  of  2  or  3  drachms ; 
and  sevezal  fotal  aoddents  have  lately  occurred 
in  London,  in  consequence  of  its  being  im- 
pn^Mriy  sold  hisiead  of  Epsom  salts.  Its 
▼ttlgar  name  of  salts,  under  which  the  acid  is 
bought  for  the  purpose  of  whitening  boot-tops, 
occasions  these  lamentable  mutakes.  But  the 
powerfully  add  taste  of  the  ktter  substance, 
joined  to  its  prismatic  or  needle-foimed  crys- 
tallization, are  suffident  to  distinguish  it  foom 
every  thing  else.  The  immediate  rejection 
ftom  dte  stomach  of  this  add  by  an  emetic, 
aided  by  copious  draughts  of  warm  water 
aoMalaing  bicarbonate  of  potash,  or  soda, 
«halk,   or  carbonate  of  magnesia,   aie  the 


With  baryles  it  fonns  an  inielable  aA  x 
but  this  salt  wiA  dissolve  in  water  addnlated 
with  oxalic  acid,  and  afford  angular  crystals. 
If,  however,  we  attempt  to  cusBolve  tbeae 
crystals  in  bolliiig  water,  the  excess  of  add 
wUl  unite  vM  the  water,  and  leave  the  oxa- 
late, vhidi  wiU  be  predpitaled. 

The  oxalate  of  strontian  too  is  a  neatly  in- 
soluble  compound. 

Oxalate  of  magnesia  too  is  inaolnble,  un- 
less the  acid  be  in  excess. 

The  oxalate  of  potash  dxists  in  two  states, 
that  of  a  neutral  salt,  and  that  of  an  «ddule. 
The  latter  is  generally  obtained  from  the  juke 
of  the  leaves  of  the  oxali$  aoetoceUa^  wood 
sorrel,  or  rumex  acetota^  common  sond.  The 
expressed  juice,  being  diluted  with  water, 
should  be  set  by  for  a  few  days,  till  the  fecu- 
lent  parts  have  subsided,  and  the  supernatant 
fluid  is  become  dear ;  or  it  may  be  clarified, 
when  expressed,  with  the  whites  of  eggs.  It 
is  then  to  be  strained  off,  evaporated  to  a  pel- 
licle, and  set  in  a  cool  place  to  crystallize.  The 
first  product  of  crystals  bdng  taken  out,  the 
liqnor  may  be  further  evaporated,  and  crys- 
tallized;  and  the  same  process  r^ieated  till 
no  more  can  be  obtained.  In  this  way, 
Schlereth  informs  us,  about  nine  diadmia  of 
crystals  mav  be  obtained  from  two  pounds  of 
juice,  which  are  generally  afibrded  by  ten 
pounds  of  wood  sorrel.  Savary  however  si^s, 
that  ten  parts  of  wood  sorrel  in  full  vmtataon 
yidd  five  parts  of  juioe,  whidigive  little  moie 
than  a  two-hu^dredth  of  (olenUy  puve  aalt. 
He  boiled  down  the  juioe^  however,  hi  the  first 
instance,  without  clarifying  it ;  and  was  ob- 
liged repeatedly  to  dissolve  and  reciystallixe 
the  salt  to  obtain  it  white. 

This  salt  is  in  «mall,  white,  needly,  or  la- 
mellar crystals,  not  alterable  in  the  -iir.  It 
unites  with  barytes,  magnesia,  soda,  ammonia, 
and  most  of  &e  metallic  oxides,  into  triple 
salts.  Yet  its  solution  predpitates  the  nitric 
solutions  of  mercury  and  silver  in  the  state  of 
insoluble  oxalates  of  these  metals,  the  nitric 
add  in  this  case  combining  with  the  potash. 
It  attacks  iron,  lead,  tin,  zinc,  and  anttnoony. 

This  salt,  besides  its  use  in  taking  out  ii^ 
spots,  and  as  a  test  of  lime,  forms  with  sugar 
and  water  a  pleasant  cooling  beverage;  and 
according  to  Berthollet,  it  possesses  consider- 
able powers  as  an  antiseptic. 

The  neutral  oxalate  of  potash  is  very  so- 
luble, and  assumes  a  gelatinous  form,  but 
may  be  brought  to  cryatallize  in  hexaednd 
prisms  with  diedial  summits,  by  adding  more 
potash  to  the  liquor  than  is  suffident  to  satu«> 
rate  the  add.    See  Salts,  Table  of. 

Oxalate  of  soda  likewise  exists  in  two  dif- 
ferent states,  those  of  an  acidulous  and  a  neu- 
tral salt,  wMdi  in  ^dr  properties  are  analo- 
goos  to  those  of  potash. 

If  itxaHc  acid  be  saturated  with  ammonia, 
we  obtain  a  neutral  oxalate,  which  on  evapora- 
tion yields  very  fine  crystals  in  tetrardnd 
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puuii  ^nsBk  giediM  luiiwuHi^  cot  of  tiic  piiiici 
•f  vhioi  cuts  off  inree  ■ocb  of  iho  primi. 
Tfaii  alt  is  dBoompoMUe  by  fire,  wfaicli  niaco 
ftom  it  cartMoate  m  aiiHiioBia,  and  lesyes  onljr 
nme  dight  txaces  of  a  ooriy  laidami].  Lime, 
btfjtes,  nd  sHOBtlan  onifee  with  iu  tcid,  and 
tfie  ammonia  flies  off  in  tbe  foim  of  gaa.  Its 
coDBtitacnta  we  add  4.5,  ammonia  8.125, 
water  2.35  =  84175. 

The  oxalie  acid  icadiljr  dindvea  alumina, 
and  the  sohitioB  gives  on  evaporatioDayeUowo 
lab  craonsRBt  mass,  sweet  and  a  little  astrin. 
gent  to  toe  taste,  ddiqaesoent,  and  leddening 
tinetare  of  litmtia,  bat  not  synip  of  Tiokts. 
This  sah  swdb  «p  in  the  fiie,  loses  its  add, 
and  leaves  the  almnina  a  little  coloured. 

The  composition  of  the  diflferent  oxalates 
may  be  ascertained  by  oonsidenog  the  nsatral 
Saks  as  consisting  of  one  |irime  M  add  =  4.5 
to  one  «C  base,  and  ^  bfnozyUrte  ot  potssh 
of  2  of  add  to  one  of  base,  as  was  first  proved 
by  I>r.  WoDsslon.  But  this  eminent  pfai- 
looopber  has  farther  shown,  that  oxalic  add 
is  capable  of  cnmbining  in  four  proportions 
with  die  oxides,  whence  result  neutnd  oxalates, 
saboxalates,  addolous  oxalates,  and  add  oxa- 
laies.  The  neutral  contidn  twice  as  mndi 
add  as  Ihe  soboxalates ;  one-halfof  thequan^ 
tHy  of  add  in  die  addulous  oxalates;  and 
sne-qnarter  of  that  in  ihe  add  oxalates.  See 
Salt. 

ACID  (PBCJTfC).  The  name  given  by 
Bneonnot  to  an  add  which  he  concaves  to 
be  anivenally  difiused  through  vegetables, 
and  snalogoos  to,  if  not  identical  with  jdly. 
85  of  tUs  add  seem  to  neutralize  15  of 
potaah,  and  afiord  a  compound  like  gum- 
snbic — AmuUes  de  Chinu  it  Phyt.  xxviii. 
171. 

ACID  (PHOCENIC)  ;  The  odoroos 
principle  of  the  soap  of  the  dolphin  oils,  ae- 
eording  to  M.  GhevreuL  The  sp.  gr.  of 
phoeenie  «dd  is  0.932.  It  is  colourless, 
and  takes  lIH)  parts  of  water  to  dissolre  5.6 
of  it.  It  is  soluble  in  alcohol  in  every  pro- 
portion. Its  constituents  are  in  volume,  8  of 
oxygen,  15  of  carbon,  and  14  of  hydrogen. 
100  of  pfaoceoie  add  neutralize  82.77  of 
barytes,  Ibrmnig  a  salt,  soluble,  in  its  own 
weight  of  water  at  «8*  F.  The  disagreeable 
smell  of  leather  dressed  with  fish  oil,  is 
SKzibcd  by  M.  Ghevreul  to  the  decomposition 
of  the  phoooDic  add  oontafaied  in  this  oil. — 
Arnute*  de  Chinu  et  de  jPhyt,  xxUi.  lO- 

ACID  (PHOSPHATIC).  This  add  is 
obtajned  by  the  slow  combustion  of  cylinders 
of  ]di08phoms  in  the  sir.  For  whidi  purpose 
if  is  necessary  that  the  air  be  renewed  to  sup- 
pore  die  combustion  ;  that  it  be  humid,  other- 
wise  the  diy  coat  of  phosphatic  acid  would 
scicen  the  phosphorus  from  farther  action  of 
die  oxygen ;  and  that  the  different  cylinders 
of  pfae^horus  be  insulated,  to  prevent  the 
beat  fiom  becoming  too  hi^,  which  would 


indt  or  inflame  them,  so  as  to  prodaee  phos* 
phoricadd.  The  add,  as  It  is  formed,  must  be 
coHeeted  in  a  vessel,  so  as  to  lose  ss  little  of  it 
as  possibles  All  these  conditions  may  be  thus 
falfiOed:  We  lake  a  paicd  of  ^ass  tubes, 
wlucfa  are  drawn  out  to  a  point  at  one  end; 
we  introdace  into  eaoh  a  crUnder  of  phoii> 
pfaorus  a  little  shorter  tfasn  die  tube ;  we  dis- 
pose of  diese  tubes  slong-side  of  one  another, 
to  the  amount  of  80  or  40,  in  a  glass  fiinnd, 
die  beak  of  whidi  passes  into  a  bottle  placed 
on  a  {date,  covered  with  water.  We  then 
cover  the  bottle  and  its  fhnnd  with  a  large 
beil.glass,  having  a  smsU  hole  in  its  top,  and 
another  in  its  side. 

A  fifan  of  phosphorus  first  evaporates,  then 
oombineB  with  the  oxygen  and  the  water  of 
the  air,  giving  birth  to  phosphadc  add,  whf  di 
collects  in  small  drops  at  the  end  of  the  gLsss 
tabes,  and  falls  through  the  lunnd  into  the 
bottle.  A  little  phosphadc  add  is  also  foond 
on  the  sides  of  the  beU-glaas,  and  in  the  w»- 
ler  of  the  plate.  The  process  is  a  very  slow 
one. 

The  phoephatk  add  thus  collected  is  very 
dilute-  We  reduce  it  to  a  viscid  consistence, 
by  heathig  it  genUy;  and  better  still,  by 
putdng  it,  at  die  ordinaiy  temperature,  into  a 
capstde  over  another  capsole  roll  of  concsn- 
■krated  sulphuric  add,  under  the  receiver  of 
an  air-pump,  from  which  we  exhaust  die  air.     . 

The  add  thus  formed  is  a  visdd  liquid, 
without  colour,  having  a  faint  smdl  of  i^ios. 
phorua,  a  strong  taste,  reddening  strongly  tile 
tinetare  of  litmus,  and  denser  than  water  in 
a  propordon  not  well  determined,  fivesy 
thing  leads  to  the  belief  that  this  add  wonU 
be  solid,  could  we  deprive  it  of  watv.  When 
it  is  heated  in  aretort,  phoimhaEBttad  hydrogen 
ns  is  evolved,  and  pbosphoric  add  remams. 
The  oxygen  and  hydrogen  of  the  water  concor 
to  this  transformation.  Phosphadc  add  has 
no  action,  either  on  oxygen  gas,  or  on  the  at- 
mospheric air  at  ofdinary  temperatures.  In 
combining  with  water,  a  slight  degree  of  heat 
is  occasioned. 

From  the  experunenU  of  M.  Thenard, 
dus  add  seems  to  consist  (exdnsive  of  water) 
•of  100  phosphorus  united  to  about  1 10  oxy- 
■gCB,  whidi  is  nesorly  the  propordon  of  d 
•primes  phosphorus  =s  (8  X  1*5)  4.5  -f-  5 
oxygen  s  5. 

But  2  ]Mlm.  phospborus'f  4  ox.  ■=  4  phoiphoric  adcL 
And  1  +1=1  i)ho3i{>horous  acid. 

Hence  the  phosphadc  add  would  seem  to  re- 
sult from  the  union  of  2  primes  of  phosphoric 
acid  with  1  of  phosphorous  acid.  Now,  M. 
Bulong  has  shown,  diat  the  phosphadc  add 
in  its  action  on  the  salifiable  bases  is  trans- 
-fbrmed  into  phosphorous  and  phosphoric  adds, 
whence  proceed  phosphites  and  phosphates. 

ACID  (PHOSPHORIC).  Bones  of  beef, 
mutton,  or  vead,  bemf^  caldned  to  whiteness 
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111  an  open  fire ,  lose  almost  half  of  their  weight. 
Theae  must  be  pounded,  and  riAed ;  or  the 
trouble  may  be  spared  by  buying  the  powder 
that  is  sold  to  make  cupeb  for  the  asaayeiB, 
and  is,  in  fact,  ^e  powder  of  homed  hones 
ready  sifted.  To  three  pounds  of  the  powder 
there  may  be  added  about  two  pounds  of  con- 
centrated sulphuric  acid.  Four  or  five  pounds 
of  water  must  he  also  added  to  assist  the  action 
of  the  acid.  The  whole  may  be  then  left  on 
a  gentle  sand  heat  for  two  or  three  dm,  taknig 
care  to  supply  the  loss  of  water  whidi  happens 
by  evaporation.  A  laige  quantity  «f  water 
must  then  be  added,  theiimole  strained  through 
a  sieve,  and  the  residual  matter,  which  ia  sul. 
phate  of  lime,  must  be  edulcorated  by  repeated 
affusions  of  hot  water,  till  it  passes  tasteless; 
The  waters  contain  phosphoric  acid  with  a 
little  lime ;  and  by  evaporation,  first  in  glased 
earthen,  and  then  in  glass  vessels,  or  rather  in 
▼esseb  of  plathia  or  silver,  for  the  hot  add  acts 
upon  glass,  afford  the  impure  add  in  a  con- 
centrated state,  which,  by  the  force  of  a  strong 
heat  in  a  crucible,  may  be  made  to  acquire 
the  fonn  of  a  transparent  consistent  glass, 
though  indeed,  it  is  usually  of  a  milky  opaque 
appearance. 

For  makine  phosphorus,  it  is  not  necessary 
to  evaporate  the  water  further  than  to  bring  it 
to  the  consistence  of  syrup ;  and  the  smisll 
portifMi  of  lime  it  contains  is  not  an  impedi- 
ment worth  the  trouble  of  removing,  as  it 
affects  the  produce  very  little.  But  when  the 
add  is  required  in  a  purer  state,  it  is  proper 
to  add  a  quantity  of  carbonate  of  ammonia, 
whidif  by  double  elective  attraction,  ptedpi- 
tates  Uie  lime  that  was  held  in  solution  by  the 
phosphoric  add.  The  fluid  being  then  eva- 
poiatiBd,  affords  a  crystallised  ammonlacal  salt, 
which  may  be  melted  m  a  silver  yessd,  as  the 
add  acts  upon  gUas  or  earthen  vessels.  The 
anmionia  is  driven  off  by  the  heat,  and  the 
add  acquires  the  form  of  a  compact  glass  aa 
transparent  as  rodc-crystal,  acid  to  the  taste, 
flohiUe  in  vrater,  and  deliquescent  in  the  air. 

This  add  is  commonly  pure,  but  neverthe^ 
less  may  contain  a  small  quantity  of  soda, 
originally  existing  in  the  bones,  and  not  ca- 
pable of  being  taken  away  by  this  process,  ln>i 
genious  as  it  is.  The  only  unequivocal  m^ 
thod  of  obtaining  a  pure  add  appears  to  con- 
sist in  first  converting  it  into  phosphorus  by 
distillation  of  the  materials  with  charcoal,  and 
then  converting  this  again  into  add  by  rapid 
combustion,  at  a  high  temperature,  dther  in 
oxygen  or  atmospheric  air,  or  some  other 
equivalent  process. 

Phosphorus  may  also  be  converted  into  the 
add  state  by  treatmg  it  with  nitric  add.  In 
this  operation,  a  tubuhtted  retort  with  a  ground 
stopper,  must  be  half-filled  with  nitric  acid, 
and  a  gentle  heat  applied.  A  small  piece  of 
phosphorus  being  then  introduced  through  the 
tube,  will  be  dissolved  with  effervescence,  pro- 
duced by  the  escape  of  a  Urge  quantity  of 


nitric  oxide.  The  addition  of  phoipharti» 
must  be  continued  until  the  last  piece  re 
mains  undissolved.  The  fire  bemg  then  raised 
to  drive  over  the  remainder  of  the  nitric  add, 
the  phosphoric  add  will  be  found  in  tiie  retortr 
partly  in  the  concrete  azui  partly  in  the  liqnid 
form. 

When  phosphocus  is  burned  by  a  atrong 
heat,  suifident  to  cause  it  to  flame  rapidly,  it 
is  almost  perfectly  converted  into  dry  add, 
some  of  which  is  thrown  up  by  the  force  of 
the  combustion,  and  the  rest  remains  upon  the 


substance  has  also  been  addified  by 
the  direct  application  of  oxygen  gas  pasaed 
through  hot  water,  in  which  Sie  phosphorus 
was  l^iiefied  or  fused. 

The  general  diaiaeters  of  phosphoric  add 
are :  1.  It  is  scduble  in  water  in  all  propor- 
tions,  producing  a  specific  gravity,  which  in* 
creases  as  the  quantity  of  add  is  greater,  but 
does  not  exceed  2.687i  which  ia  that  of  the 
gladalacid.  2.  It  produces  heat  when  mixed 
with  water,  though  not  very  considerable.  3. 
It  has  no  smell  when  pure,  and  its  taste  is  aoar» 
but  not  coROsive.  4.  When  perfectly  dry, 
it  sublimes  in  dose  vessels;  but  loses  this 
property  by  the  addition  of  water ;  in  which 
drcumstanoe  it  greatly  difien  from  the  boradc 
add,  whidi  is  fixed  when  dry,  but  rises  by 
the  hdp  of  water.  5.  When  considerably 
diluted  with  water,  andevaporated,theaqueous 
vapour  carries  op  a  small  portion  of  the  add* 
6.  With  charcoal  or  hiflammable  matter,  fai  a 
sdtmg  heat,  it  loses  its  oxygen,  and  becomes 
converted  into  phosphorus. 

Phosphoric  add  is  difficult  of  ciystalliring- 

Though  the  phosphoric  add  is  scarody  cor. 
losive,  yet,  when  concentrated,  it  acts  upon 
oils,  which  it  discolours  and  at  length  Idadcens, 
producing  heat,  and  a  strong  smell  like  that  of 
ether  and  oil  of  turpentine ;  but  does  not  fbcm 
a  true  add  soap.  It  has  most  effect  on  es- 
sential oils,  less  en  drying  oils,  and  least  of 
all  on  fat  oils. 

From  the  syntheses  of  the  phosphates  of 
soda,  barytes,  and  lead,  Benelius  deduces  the 
prime  equivalent  of  phosphoric  add  to  be  4.6. 
But  the  experiments  of  Benelius  on  the  syn- 
thesis of  the  sdd  itsdf,  show  it  to  be  a  ocxn. 
pound  of  about  100  phosphorus  +  133  ozy* 
gen.  Lavoisier's  synthesis  gave  2  OKygen  + 
1.33  phosphorus.  So  did  that  of  Sir  U. 
Davy  by  ii^id  combustian  in  oxyg^i  gas,  as 
published  in  the  PhiL  Trans,  for  1812.  M. 
i>ulong,  in  an  daborate  pqier  published  in  the 
third  volume  of  the  Memoires  D*  Aicueil,  gives 
as  the  result  of  diversified  experimenta,  nearly 
the  proportions  of  100  phosphoras  to  1 23  oacv- 
gen ;  or  of  5  oxygen  -f-  4  phosphorua  =  9  ror 
the  add  equivalent. 

Shr  H.  Davy,  with  his  well  known  sagadty, 
invented  a  new  method  of  research,  to  dude 
the  former  sources  of  enm.  He  burned  the 
vapour  of  phosphorus  as  it  usuea  from  a 
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iwbCf  eoiiCaiiied  in  ft  Ktort  nlfed  wiA 
,^  ^  By  adopting  this  process,  he 
deiei  mined  the  composttion  of  phosphoric  acid 
to  be  100  phosphoros  +  1346  oxygen; 
i  its  ecnnnlentoomes  out  3.500.  Fhos- 
1  he  then  shows  to  consist  of  I 
oKy^en  -f  1  JpOO  phosphorus  =  2.500. 

M.  Dumas  in  an  elaborate  tnemoir  on  Phos- 
phuietted  Hfdnagen  {Anm.  de  CMnu  et  de 
Phtfs,  -Bad,)  endeavours  to  show  that  phos- 
phoric add  ooBSttts  of  1  atom  of  phospbcxnis, 
4M  -I-  5  sttmsof  oxygen,  5=9 ;  wbife  pbos- 
phofooa  add  consists  of  1  atom  of  phosphorus 
4  4-9  moms  of  oxygen,  3=7*  See  Phos- 
rausETTED  HTOSoaEV,  and  Cteneral 
Table  of  Oasss. 

By  the  above  atomic  weights  1.6  phospho- 
x«a  combinea  with  1.125  oxygen  (instead  of  I) 
to  iwnaiUnte  pho^horooa  acid;  and  with 
U875  ooEygm  to  coostilate  phosphoric  add. 
If  phof^pfaorie  add  be  made  9,  then  in  the 
piaoapfaataof  oida,  barytes,  and  lead, 'we  must 
'  1 2  atoma  of  base^  thus  givmg  them  the 
lofsaboalta,  which  that  of  soda  ma. 


ACID  (PHOSPHOROUS) 
cd  in  1812  by  Sir  H.  Davy.  When  pbos- 
phuiiis  and  conodve  sublimate  act  on  each 
other  at  an  devated  temperature,  a  liquid 
called  ptixodiloride  of  pho8|>boru8  is  fomied. 
Wattr  added  to  this,  resolves  it  into  muriatic 
and  phMphflfOus  adds.  A  moderate  heat 
•■ffoes  to  expel  the  fimner,  and  the  hitter  re- 
BHBDs,  aaaociated  with  water.  It  has  a  veiy 
aanr  aale,  leddens  veeetaUe  blues,  and  ncu- 
tzaliaes  bases-  When  nested  strongly  in  apea 
wasda,  it  inflames.  Pbosphnretted  hydr^n 
Bm  tk,  and  phosphoric  add  remains.  Ten 
pasts  of  it  heiued  in  dofe  vesads  give  off  one- 
half  of  a  phosphnietted  hydrogen,  and  leave 
S|  of  plKHfiharic  add.  Hence  the  liquid  add 
ooosats  of  80.7  acid  + 19.3  water.  Its  prime 
eifanalent  is  other  2.5,  or  7*  See  Phos. 
HinmooKv. 

ACID  (HYPOPHOSPflOROUS),  latdy 
diocovcsedbf  IL  Duloog.  Pour  water  on  the 
^^mHilmtet  of  barytes,  and  wait  till  all  the 
phflipfatrcttBd  hydrogen  be  disengaged.  Add 
cntMRi^y  to  the  filtoed  liquid  dilute  sulpbn- 
ik  add,  till  the  barytes  bs  all  predpitated  in 
the  state  of  sulphate.  The  supernatant  liquid 
ii  byMphospluBDus  add,  i^di  should  be 
piisaf  thnugfa  a  filter.  This  liquid  may  be 
by  evaporation,  till  it  become 


It  haa  a  very  sour  taMe,  reddens  vege- 
tt&ht  Uvea,  and  does  not  crystallize.  Duloog 
jMi^i  100  phosphorus  to  37.44  oxygen, 
vhkh  grvcB  the  proportkni  of  1  atom  phos- 
pboswa,  4j0  4-  U  ox^en  1.5=  5.5  for  the 
scid  prine  cqoivalent.  The  bypophosphites 
hsKve  dtt  mnaiVff^f  pwipeiiy  of  bebg  all  so- 
loble  in  water  (  wfaOemMiy  of  the  phosphates 
I  aie  inaoluble. 

Hieaard    socoesded    in   oxygenizuig 


phosphoric  add  by  the  method  described  nn« 
der  nitric  and  muriatic  adds. 

With  regard  to  the  phosphates  and  phos-> 
phites,  we  have  many  discrepancies  in  our 
latest  publications.  Sir  H.  Davy  says,  in  his 
Isst  memoir  on  some  of  the  combinations  of 
phosphorus,  that  **  new  resesrches  are  required 
to  explain  the  anomalies  presented  by  the 
phosphates.*' 

Phosphoric  add,  united  with  baiytes,  pro- 
duces an  insoluble  salt,  in  the  form  of  a  heavy 
white  powder,  fusible  at  a  high  temperature 
into  a  grey  eoamd.  The  b2St  mode  of  pre. 
poring  it  is  by  adding  an  alkaline  phosphate 
to  the  nitrate  or  muriate  of  barytes. 

By  mixing  phosphate  of  ammonia  with 
nitrate  of  ba^es,  Berzelius  found  that  611.2 
parts  of  bsrytes  and  31.8  of  i^oq>horu8  com- 
posed 100  of  the  plijimhuii,  agBago4i^is  a 
aubphosphate,  an^  _ 

Phosphoric  •dl'l^ti^ft:    M      fe^4k^>> 

Barytes      /^  ^  =  1&.5  '  31.6?^ 


He  made  a  ] 

in  dilute 

whencmtals  ^ 

parts,  of  add,  4254;  barytes,  46.4^water, 

1 1.    But  by  theory  we  have, 
Add      2  atoms    16       42.85?) 
Base      2  1^5     46.430  MOOjOOO 

Water   4  4.5     10.713  5 

By  pourinff  a  solution  of  the  preceding  salt 

into  alcohol,  a  sesquiphosphate  is  obtained,  in 

the  form  of  a  li^t  white  powder,  containing 

1^  times  as  much  add  as  the  subpho«Dhat& 
The  phosphate  of  strontian  differs  from  the 

preceding  in  bdng  soluble  in  an  excess  of  its 

acid. 

Phosphate  of  lime  is  very  abundant  in  the 

native  state.   See  Apatite.   It  likewise  con. 

stitutes  the  chief  part  of  Uie  bones  of  all  ani- 


and 


Phosphate  of  lime  is  very  difficult  to  fiise, 
but  in  a  glasshouse  fiiniaoe  it  aoflens,  and 
acquires  tl^  semitransparency  and  grain  of 
porcelain.  It  is  insoluble  in  water,  but  when 
weU  calcined,  forma  a  kind  of  paste  with  it,  as 
in  making  enpeis.  Besides  this  use  of  it,  it 
is  employed  for  polishing  gems  and  metals, 
for  absorbing  grease  from  dodi,  linen,  or  paper, 
and  for  preparing  phosphorus.  In  medidne  it 
has  been  strongly  recommended  against  the 
tickets  by  Dr.  Bonhommc  of  Avignon,  dther 
alone  or  combined  with  phospliate  of  soda. 
The  huffU  hartshorn  of  the  shops  is  a  phos- 
phate of  lime. 

An  acidulous  phosphate  of  lime  is  found  in 
human  urine,  and  may  be  crystallized  in  small 
silky  filaments,  or  shining  scales,  which  unite 
together  into  something  like  the  consistence  of 
honey,  and  have  a  pereeptiUy  add  taste.  It 
may  bs  prepared  by  partially  decomposing  the 
calcareous  phosphate  of  bones  by  the  sulphuric, 
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nitric,  or  muriatic  acid,  or  by  diMohring  that 
phosphate  in  phoiphoric  acicL  It  is  soluble 
in  water,  and  carystaUizable.  Exposed  to  the 
action  of  heat,  it  softens,  liquefies,  swells  up, 
becomes  dij,  and  may  be  fused  into  a  tzans. 
parent  glass,  which  is  insipid,  iasohible,  and 
unalterable  in  the  air.  In  these  characters  it 
differs  from  the  glacial  acid  of  phosphorus.  It 
is  partly  decomposable  by  charcosl,  to  aa  to 
afford  phosphorus. 

By  pouring  phosphate  of  soda  into  muriate 
of  lime,  Berzdius  obtained  a  phosphate  of  lime 
conristiog  of  acid  100,  lime  84.6a  The  exact 
proportions  are. 

Phosphoric  add  =:  9  =  100 
Lime  3.5  x  2  =  7  =  78  nesrly. 
The  phosphate  of  potash  is  very  deliques- 
cent, and  not  cirstallizable,  but  condensing 
into  a  kind  of  jelly.  Like  the  preceding  spe- 
cies, it  first  undergoes  the  aqueous  fusioiif 
swells,  dries,  and  may  be  fused  into  a  glass ; 
but  this  glass  deliquesces.  It  has  Ik  sweetish 
saline  taste.  The  phosphate  of  soda  is  now 
commonly  prepared  by  adding  to  the  acidulous 
phosphate  of  lime  as  much  carbonate  «f  soda 
in  solution  as  will  fullv  saturate  the  acid.  The 
carbonate  of  lime  which  precipitates,  being 
separated  by  filtration,  the  liquid  is  duly  era- 
porated  so  as  to  crystallize  ^e  phosphate  of 
soda ;  but  if  there  be  not  a  slight  excess  of 
alkali,  the  crystals  will  not  be  large  and  regu- 
lar. The  crystals  ate  rhomboidal  prisms  of 
different  shapes ;  efflorescent ;  soluble  in  three 
parts  of  ookl  and  1^  of  hot  water.  They  are 
capable  ni  being  fused  into  an  opaque  white 
glass,  which  may  be  again  dissolved  and  crys- 
tallised. It  may  be  converted  into  an  acidu- 
lous pbon>hate  by  an  addition  of  acid,  or  by 
either  of  the  strong  acids,  which  partially,  bat 
not  wholly,  decompose  it.  As  iu  taste  is 
simply  saline,  without  any  thins  disagteeable, 
it  is  much  used  as  a  purgative,  (£ieflj  in  broth, 
in  which  it  is  not  dtstingmshable  from  com- 
moD  salt.  For  this  elegant  addition  to  our 
pharmaceutical  preparations,  we  are  indebted 
to  Dr.  Pearson.  In  assays  with  the  blowpipe 
it  is  of  great  utility ;  and  it  has  been  used  in- 
stead of  borax  for  soldering. 

In  crystals,  this  salt  is  composed,  according 

to  Beneliua,  of  phosphoric  acid  20.33,  soda 

17.67,  water  62.00 ;  and  in  the  dry  state,  of 

acid  53.48,  soda  46.62.    If  it  be  represented 

by  1  atom  of  acid  =  9  +  2  atoms  soda  =  8, 

then  100  of  the  dry  salt  will  consist  of  add  63, 

base  47 ;  and  in  the  crystallized  sutc,  of 

Water       24  atoms      27        81.4 

Acid  1  9        20.4 

8oda  2  8        18.2 

100.0 
which  presents  a  good  accordance  with  the  ex- 
perimenul  results  of  the  accurate  Berzelius. 

The  phosphate  of  aounonia  crystallizes  in 
prisms  with  four  regular  sides,  terminating  in 


pytMDida,  and  senietisaci  in  bundleatf  1 
needles.  Its  tsste  is  oool,  saline  punsenft,  and 
iBJnous.  On  the  file  it  coraporito  ilsdf  like 
the  preceding  spedsa,  except  thait  the  whole  of 
its  base  may  be  drivcB  off  by  a  eootimianoe  of 
the  heat,  leaving  only  the  add  behind.  It  m 
but  little  more  soluble  ni  hot  water  than  in 
cold,  whidi  takes  np  a  fourth  of  ita  wtaAiu 
It  is  pretty  abandant  in  human  urine,  ft  ia 
an  excellent  flux  both  for  assays  and  the  blow, 
pipe,  and  in  the  fabrication  of  ooloiued  g^asa 
and  artificial  gems. 

Phosphate  of  oiagfiesia  erystalHics  inixTe. 
guhur  hexaedral  pri«ns,  obliqudy  tnmeated  ; 
but  is  cammonly  pntvcnilent,  as  it  cfflowoea 
very  quickly.  It  requires  fifty  parts  d  water 
to  dissolve  it.  Its  taste  is  cool  and  sweedah. 
This  salt  too  is  found  In  urine.  FonnroyaDd 
Vanqudin  have  discovered  it  likewise  in  small 
quantity  in  the  bones  of  various  animah» 
ttiongh  notin  thoseof  man.  The  best  way  of 
prepariri;  it  is  by  mixing  equ«l  pasts  of  the 
stdutions  of  pho^hate  of  soda  and  sulphate  of 
magneds,  and  leaving  them  sometime  at  reat, 
when  the  phosphate  oif  magneaia  will  cmtal- 
liae,  and  leave  the  sulphoie  of  soda  dissofved. 

Aa  aramooiaoo-magnesian  phoaphafee  hao 
been  discovered  in  an  intestinal  cakolua  of  a 
horse  by  Foun90|,  and  shoe  by  Bartfaoidi,  and 
likewise  by  the  Mmer  in  some  human  urinary 
calculi.  8ee  Calculus.  Notwithatanding 
the  solubility  of  the  phosphate  of  anunonia, 
this  triple  salt  is  frur  len  soluble  than  the  phoa- 
phate  of  magnesia.  It  is  partially  deoompo- 
saUe  into  phosphorus  by  charcoal,  in  conse- 
quence of  its  ammonia. 

The  phosphate  of  g^udne  faaa  been  examined 
by  Vauquelin,  who  infinrms  us,  that  it  is  a 
white  powder,  or  mudlaginous  mass,  witfaont 
any  penseptible taste;  fudUe,  but  not  deeom- 
posable  by  heat;  unalterable  in  the  air,  and 
uisoluble  unless  in  an  excess  of  its  acid. 

It  has  been  observed,  that  the  phosphoric 
add,  uded  by  heat,  acts  upon  silex;  uid  we 
may  add,  that  it  enten  into  many  artifidal 
gems  in  the  state  of  a  saficeous  phosphale* 
See  Salt. 

ACID  (PINIC).  In  the  colophony  of 
Frsnce  (roam),  derived  in  all  probabititj  fiwm 
the  yinu9  tnaritima  or  phuuter,  M.  Banp  haa 
found  a  substance  which  cryatallises  in  triaa- 
gular  plates,  soluble  in  about  four  porta  of 
alcohoU  but  insoluble  in  water.  It  reacta  like 
an  add,  and  neutralixes  alkaline  matter.  He 
sails  it  Finic  add.  Annak*  de  Chlm.  et  de 
Fhyt,  xxxi. 

ACID  (PRUSSIC).  This  add  and  its 
combinations  have  been  latdy  invcatigatsd  by 
MM.  Clay  Lussac  and  Vauquelin  in  France, 
and  Mr.  Porrett  in  England,  who  have  hap- 
pily  succeeded  in  removing  the  vdl  whidi  con- 
tinned  to  hang  over  this  departnmt  of  che- 
mistry. 

To  a  quantity  of  powdered  prusslan  Uue 
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ledosideflf  mer^ 

poctioiis  tiU  the 

Filter  the  liqiud, 

,  Jiticm  tm  •  pcUicfe 

(M  vooUncp,  crystals  of  pniwkte  or 
quadeofiDeKiirywiUbelbniied.  Drytbese, 
nd  fot  ikieai  into  %  tnl^uliKted  giasa  mart,  to 
tkebe^«(wkKcbis  iwUptea  m  faorizoptal  tuW 
atent  tvo  fat  Ions'*  a^a  fully  half  an  inch 
wide  uttoviddie  past.  rTfae  first  thM  pan 
of^tebeacxt  the  vetort  is  filled  with  small 
pieoa  of  vlute  mavUe^  tlie  two  other  thirds 
vJiftinedBMBiateof  lime.  To  the  end  of  thia 
iabe  h  adapted  a  amda  xvoeiver,  which  should 
fe  aililiaally  lefric^orated.  Pour  on  the  crys-^ 
crii  nrarialK  add,  m  nuher  leas  quantity  than 
b  mflident  to  satoxate  tlia  oxide  of  naercuiy 
vhidi  fcmed  them.  A.pply  a  very  gentle  heat 
to  d)e  rcaoM.  ptuaaac  aciici»  named  hydrocy- 
SBic  \ri  M.  Bay  Iahmwic^  wfll  be  evohed  ia 
T^poor,  and  will  coodease  in  the  tube.  WhaU 
ever  minadc  add  may  pass  over  with  it,  wiQ 
be  afaabacted  by  die  inarhle,  while  the  water 
wm  Ik  i^faaorbed  by  ^be  mviiate  of  lima     By 


\  o£  a  madeaaie  heat  applied  to  the  tube, 
ihe  ycvanc  add  may  lie  made  to  pasa  aucees- 
livciy  a^iaag;  and  ^Elerb^ng  left  some  time  in 


with  the  mnriate  of  hme,  it  may  be 
faaily  dnven  into  the  icodver.  As  the  oar* 
VoBie  add  cvdved  front  marble  by  the  moriatie 
iaaft%ocaRy  offaome of  the  prusaic acid,  can 
~  ~  be  taken  to  oonduet  tlie  heat  so  as  to 
the  diadllatioD  of  this  mineral  add. 
aeUL  draa  obtained  haa  the  foUowing 
It  ia  a  oolourleas  liquid,  posacas- 
iag'a  atioDg  odour;  and  the  exhalation,  if  in- 
tly  aauftd  up  the  nostrils,  may  pro- 
or  fainting.  Its  taste  is  cieoling 
then  hot,  aathenie  in  a  high  degree, 
~  0.  Ita  specific  gravity  at  44^*, 
in  0.7OM;~  at  64*  it  is  a<i!l69.  It  boils  at 
81^,  aflid congeals  at  about  3A.  Ittheocrya- 
taHiiea  icgolarly,  and  affects  sometimea  tlie 
Amvaa  ftnn  of  nitvato  of  ammonia.  The  cold 
windk  It  pradoeea,  when  reduced  into  vapour, 
cwen  at  die  tanperature  of  68»,  is  sufficient  to 
■  wH^eal  it.  Thia  phenomenon  is  easily  pro- 
a«eed  by  potti^  a  small  dH»p  at  the  end  of  a 
«b  of  paper  or  a  glass  tube.  Though  repeat- 
edly rectified  on  pounded  marble,  it  retains 
tfae  pcoperty  of  feebly  reddening  paper  tinged 
Idiaa  -vith  litmaa.  The  red  colour  disappean 
aa  tbe  aod  evqiorates. 

Tlw  apedfic  giavity  of  its  vapour,  ezpeii- 

vnentaUy  oompand  to  tliat  of  air,  is  0.9476. 

fiy  ealcalation  from  its  constituents,  its  true 

apeciiic  giavity  oomes  out  0.9360,  which  dif. 

leaa  fzom  tfae  preceding  number  by  only  one- 

laiisdjidUi  part     This  small  density  of  prus- 

aac  add,  cumpared  with  its  great  voUtility, 

f  nrmsbcs  a  new  proof  that  tfae  density  of  va- 

poan  docs  not  depend  upon  the  boiUog  point 

«*f  the  fiouids  that  furnish  them,  but  upon 

uKv^  pemHar  tunatiluiioni 

Jf  .  Gay  Loasac  analyied  this  acid  by  hi. 


taodudng  iu  vapour  at  the  temperature  of  86^ 
into  a  jar,  iwo^thirda  filled  with  oxygen,  over 
warm  mercury.  When  the  temperature  of  the 
meecnry  was  reduced  to  that  of  the  ambient 
air,  a  determinato  volume  of  the  gaseous  mix- 
ture waa  taken  and  waahed  in  a  solution  of 
notaahy  which  abetracts  the  prussic  acid,  and 
leaves  the  oxygen.  Thia  gaseous  mixtate 
nay,  after  this  mspection,  be  employed  with- 
out any  chance  that  the  prusaic  add  will  con- 
dense, provided  tfae  teniperature  he  not  too 
low :  but  during  M.  Gay  Lussae^s  experimenta 
it  was  never  under  7U**.  A  known  volume 
was  faitrodnced  into  a  Volta*s  eudiometer,  with 
pkrtina  wires,  and  an  electric  spark  was  passed 
across  the  gaseous  mixture.  The  combustion 
is  livdy,  and  of  a  bhush-white  colour.  A 
while  prussic  vapour  is  seen,  and  a  diminution 
of  volume  takes  place,  which  is  ascertained  by 
measuring  the  residue  in  a  graduated  tube. 
This  bea^  washed  with  a  sOhition  of  potash 
or  barytas,  sufiers  a  new  dimxnutkNi  ftom  tlie 
alMorption  of  the  carbonic  add  gas  formed. 
Lastly,  the  gas  which  the  alkali  haa  left  is 
analyzed  over  water  by  hydnwen,  and  it  is 
asoertained  to  be  a  mixture  of  nitrogen  and 
oxygen,  because  this  last  gas  was  emptoyed  in 


The  following  are  the  results,  refeired  to 
prussic  add  vi^ur. 

Vapour        ...  -  100 

Diminution  af^  combustion     -      78.A 

Carbonic  add  gas  produced  -  101.0 
Nitrogen  .  .  -  .  46.0 
Hydrogen      ....      56.0 

During  the  combustion  a  quantity  of  oxy. 
gen  disappears,  cQual  to  about  1^  of  the  va- 
pour employed.  The  carbonic  add  produced 
represents  one  volume;  and  the  other  ftuirth 
ia  supposed  to  be  employed  in  forming  water ; 
for  it  is  impossible  to  doubt  that  hydrogen 
entera  into  tne  composition  of  prussic  Moidk, 
From  tile  laws  of  wemical  proportions,  M. 
Oay  Lussac  concludes  that  pfussic  acid  vapour 
contains  just  as  much  carbon  as  will  form  ite 
own  bulk  of  carbonic  add,  half  a  volume  of 
nitrogen,  and  halfa  volume  of  hydrogen.  This 
leault  is  evident  for  the  carbon ;  and  though, 
instead  oi  50  oi  nitrogen  and  hydrogen,  which 
ought  to  be  the  numbers  aooordxng  to  the  sup^ 
position,  he  obtained  46  fbr  the  first,  and  55 
for  the  second,  he  ascribes  the  disoepancy  to 
a  portion  of  the  nitrogen  having  combined  with 
the  oxygen  to  form  nitric  add. 

The  density  of  carbonic  acid  gas  bdng,  ao- 
coidin^  to  M.  Oay  Iiusaac,  1.5196,  and  that  of 
oxygen  1.1036,  the  density  of  the  vapour  ^ 
caibon  is  1.5196  -  1.1036  =0.4160.  Hence 
1  volume  carbon        .        -         =:  0.4160 

Half  a  volume  of  hydrogen      =0.0866 

Half  a  volume  of  nitrogen        =0.4845 

Sum  =  0.9371 
Thus,  acooiding  to  the  analytical  stotemeat, 
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<he  density  of  pniasic  vipoui  is  OMIU  and 
by  direct  experimeDt  it  was  found  to  be  0.9476. 
It  may  tfaeKfore  be  inferred  from  this  near  oo* 
incidence,  that  prussicacid  Tapoitr  contains  one 
volume  of  tlie  vapour  of  carbon,  half  a  volume 
of  nitrogen,  and  half  a  volume  of  hydrogen, 
condensed  into  one  volume,  and  that  no  Mher 
substance  enters  into  its  composition. 
-  M.  Gay  Lussac  confirmed  the  above  deter, 
mination,  analyzing  prussic  add  by  passing  its 
vapour  through  an  ignited  poroekin  tube  con. 
taming  a  coil  of  fine  iron  wire,  which  facilitates 
the  decomposition  of  this  vapour,  as  it  does 
with  ammonia.  No  trace  of  oxygen  could  be 
found  in  prussic  acid.  And  again,  by  trans- 
mitting thie  add  in  vi^ur  over  ignited  per. 
oxide  of  copper  in  a  porcelain  tube,  he  came  to 
the  same  conclusion  with  regard  to  its  con- 
Btituents.    They  are,— 

One  volume  of  (he  vapour  of  carbon, 
Half  a  volume  of  hydrogen, 
Half  a  volume  of  nitrogen, 
condensed  into  one  volume ;  or  in  weight,— 


Carbon 

Nitrogen 

Hydrogen 


44.39 

51.71 

3.90 

100.00 


This  acid,  when  compared  with  the  other 
animal  products,  is  distinguished  by  the  great 
quantity  of  nitrogen  it  contains,  by  its  small 
quantity  of  hydrogen,  and  especially  by  the 
absence  of  oxygen. 

When  this  strong  add  is  kept  in  well-dosed 
veasds,  even  though  no  air  be  present,  it  is 
sometimes  decomposed  in  less  than  an  hour. 
It  has  been  oocasienally  kept  16  days  without 
alteration  ;  but  it  is  seldom  that  it  can  be  kept 
longer,  without  exhibiting  signs  of  deoompo. 
sition.  It  begins  by  assuming  a  reddish-brown 
oobur,  whidi  becmues  deeper  and  de^er,  and 
it  gradually  deposits  a  considerable  carbon, 
aoeous  matter,  which  gives  a  deep  cetour  to 
both  water  and  adds,  and  emits  a  strong  smeU 
of  ammonia.  If  the  bottle  containing  the 
prussic  acid  be  not  hermetically  sealed,  no- 
thing remains  but  a  dry  charry  mass,  which 
gives  no  jcolour  to  water.  Thus  a  prussiate  of 
ammonia  is  formed  at  the  expense  of  a  part  of 
the  add,  and  an  aaoturet  of  carbon.  Whm 
potassium  is  heated  in  prussic  add  vapoor 
mixed  with  hydrogen  or  nitrogen,  theie  is  ab- 
sorption  without  inflammation,  and  the  metal 
is  oooveried  into  a  grey  spongy  substance, 
which  melts,  and  assumes  a  yellow  colour. 

Supposing  the  quantity  of  potassium  em. 
ployed  capid>le  of  disen^^og  from  water  a 
volume  of  hydrogen  equid  to  60  parts,  we  find 
afWr  the  action  of  the  potassium, — 

1*  That  the  gaseous  mixture  has  experienced 
a  diminution  of  volume  amounting  to  60  parts : 
^  On  treating  this  mixture  with  potash,  and 


analyitag  the  residne  by  ozyg^  thatM  part* 
of  hydrogen  have  been  produced:  3.  Andcosi- 
Bcquently  that  the  potassiam  has  absorbed  100 
parts  of  prussic  vapour;  for  there  ia  a  dimi* 
nutkm  <k  60  parts,  which  would  obviously 
have  been  twice  as  great  had  not  60  ports  of 
hydrogen  been  disengaged.  The  ycilow  maU 
ter  is  pnissiate  of  pouut;  propcdy  a  pnisside 
of  potassium,  snalogous  in  its  fonnatiao  to  the 
ddoride  and  iodide,  when  mudatic  and  hy. 
driodic  gases  are  made  to  act  on  potaaaium. 

The  base  of  prusdc  acid  thus  diveated  of  its 
addifyinc  hydrogen,  might  be  called,  agree- 
ably to  the  same  chemical  analogy,  prussine. 
M.  Gay  Lussac  styles  it  cyanogen,  because  it 
is  the  prindple  which  generates  blue  ;  or  lite, 
rally  the  blue-maker. 

Like  muriatic  and  hydriodic  acids,  this  one 
contains  half  its  volume  of  hydrogen.  The 
only  difference  is,  that  the  fbnuetlwve,  in  the 
present  state  of  our  knowledge,  simple  radicals, 
chlorine  and  iodine,  while  uat  of  the  latter  is 
a  compound  of  one  volume  vapour  of  carbonr 
and  half  a  volume  of  nitngok  Thia  radicsl 
forma  true  cyanides  with  metals. 
,  The  cyanide  of  potassium  gives  a  rery  al. 
ksline  solution  in  water,  even  when  a  great 
excess  of  hydrocyanic  vapoor  has  been  pcesent 
at  its  formation.  In  this  respect  it  differs  from 
the  ddorides  and  iodides  of  diat  metal,  which 
are  perfectly  neutrsL  Knowing  the  composi. 
tion  of  prussic  add,  and  that  potassium  sepa- 
rates  fiom  it  as  much  hydrogen  as  fimn  water, 
it  is  easy  to  find  its  proportional  number  or 
equivalent  to  oxygen.  We  must  take  such  a 
quantity  of  prussic  add  that  its  hydrogen  may 
saturate  10  of  oxygen.  Thus  we  £md  the  prime 
equivalent  of  this  add  to  be  33.846;  and  sub- 
tracting the  weight  of  hydrogen,  there  remains 
32.52  for  the  equivalent  of  cyanogen  or  prus- 
sine.  But  if  we  reduce  the  numbers  repre- 
senting the  volumes  to  the  prime  equivalents 
adopted  in  this  Dictkmaiy,  vis.  0l76  for  carw 
bon,  0.126  fbr  hydrogen,  and  1.76  for  nitro- 
gen, we  shall  have  the  relation  of  volumes 
sU^tly  modified.  Since  the  fundamental  com- 
bining ratio  of  oxygen  to  hydrogen  in  bulk  is 
i>  to  1,  we  must  multiply  die  prime  equivalent 
by  half  the  snecific  gravity  of  oxygen,  and  we 
obtain  the  following  numbers : — 

1  volume  car.  =  0-76    X  0.6666  =  0.41663 

it        uA       0J26X0.5666 

f  volume  hyd.  = r =  0.08471 

i  volume  nitr.  ^  176  X  0.6566    «  0^48^10 
2 

Sum  =0.98744 

Or,  as  is  obvious  by  the  above  calcnlatioDi 
we  may  take  2  primes  of  carbon,  I  of  hydra- 
gen,  and  J  of  nitrogen,  which  dkectly  added 
ti^g^her  will  give  Uie  same  results,  ainoe  by 
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9  wing  V6  merely  taks  vmy  tbe  connnoD 
moltiplur  0.5555.     Thus  we  hftte 


8  prinitt  cszoOD 
1  prane  hydxof^cn 
1  prime  latMfgEa 


1.500 
0.125 
1.760 


3J76 

liidiTCdaeedto 

poNi|NHtioDS  per  ccDtj  give  of 

CarboD       • 

44444 

Hydngn  - 

3.737 

Nitn«cD    - 

51.818 

100.000 

Bmrjtm,  pottah,  md  toda,  combine  with 

cyanogen,  fonning  tree  cyanides  of  these  uL 

kaline  oxydn;  analogons  to  what  aie Tnlgarly 

called  osymuziatet  of  ibne,  potash,  and  soda. 

The  ltd  oxide  of  memav  acts  so  powofiilly 

on  prasne  add  vapour,  wnen  assisted  by  heat, 

that  the  eompoiind  which  ongfat  to  rnult  is 

desteiyed  by  the  heat  disengaged*    The  same 

tfaiiig  happens  when  a  little  of  the  conosntxated 

acid  a  pomed  npoa  the  oxide.    A  great  ele« 

vaiioBi  of  temperatiire  takes  place,  which  would 

orraaion  a  dangerous  explosion  if  the  expcri* 

moil  were  made  upon  considerable  quantities. 

MIkb  die  acid  is  diluted,  the  oxide  dissolves 

rspidly,  with  a  considerable  best,  and  without 

dtediaei^gagementflf  anygas.    Thesubetanoe 

ibimedy  cdlcd  pnissiate  of  mereary  is  gene* 

axed,  irinch  wiien  moist  may,  like  the  mu- 

naSes,stiUtetam  that  name;  but  when  dry  is 

a  cysnide  of  tbe  metal. 

When  ihe  add  oxide  is  placed  in  contact 
with  the  add,  dilated  into  a  gaseous  form  by 
hydwgen,  its  Tapour  is  absorbed  in  a  few  mi* 
BuieL  The  hydrogen  is  nndianged*  When 
aeoosidemhle  qnaotity  of  vapour  has  thus  been 
abaoriwd,  the  oxide  adheres  to  the  side  of  the 
nibe,  and  on  applying  heat,  water  is  obtained* 
The  hydrogen  or  the  acid  has  here  united  with 
the  oKTgen  of  the  oxide  to  form  the  water, 
whale  mar  two  ndicals  combine.  Red  oude 
of  metoBxy  becomes  an  fxcellent  reagsnt  for 
detecting  pnssic  add. 

By^  exposing  the  dry  cyanide  of  mercury  to 
best  in  a  retort,  the  radUad  cyanogen  is  ob- 
laiied.    See  CTAXoexir. 

On  subjecting  hydrocyanic,  or  pruasic  add, 
to  dw  action  of  a  battery  of  20  pairs  of  plates, 
much  hydrogen  is  disrngaged  at  the  n^ative 
pofe;  and  cyanogen  at  the  podtive^  which  re- 
iDsins  dissolved  in  the  add.  This  compound 
dioald  be  regaided  as  a  hypoprusdc  or  prus- 
soos  add.  Since  potash  bv  heat  separates  the 
hydrogen jof  the  praasicadd,  we  see  that  in  ex- 
posing «  mixture  of  potash  and  animal  matters 
to  a  high  tempezature,  a  true  cyamde  of  potash 
is  flhtaincd,  finnerly  called  the  prussian  or 
phkgisticatad  jJkalL  When  cyanide  of  po- 
tasdom  is  diasolved  in  water,  hydrocyaoate  of 
potash  is  prodttoed,  v^uch  is  decomposed  by 
xhe  adds  without  generating  ammonia  or  car. 


bonic  acid;  but  ahen  cyttdde  of  potash  die* 
solves  in  water,  no  change  takes  place;  and 
ndther  ammonia,  carbonic  add,  nor  hydro- 
cyanic vapour  is  given  out,  unless  an  add  be 
added.  These  are  the  characten  which  di- 
stinguish a  metallic  cyanide  from  the  cyanide 
of  an  oxide. 

From  the  experiments  of  M.  Magendie  it 
appears,  that  the  pure  hydrocyanic  aad  is  the 
most  violent  of  all  poisons.  When  a  rod 
dipped  into  it  is  brought  in  contact  with  the 
tongue  of  an  animal,  death  ensues  before  the 
rod  can  be  withdrawn.  If  a  bfard  be  held  a 
moment  over  the  mouth  of  a  phiai  containing 
Ibis  add,  it  dies.  In  the  Annaln  de  Chimie 
lor  1814  we  find  this  notice :  M.  B.,  professor 
of  chenustry,  left  by  acddent  on  a  table  a  fladc 
oontainiDg  alcohol  impregnated  with  pnissic 
add;  m  servant,  enticed  by  the  agreeable 
flavour  of  the  liquid,  swallowed  a  small  alass 
of  it  In  two  mmutes  she  dropped  down  dead, 
as  if  struck  with  apoplexy.  The  body  was 
not  examined. 

**  Schoringer,  a  professor  at  Vienna,"*  says 
Orfila,  **  prepared  six  or  seven  months  ago  a 
pure  and  concentrated  prusdc  acid ;  he  spread 
a  certain  quantity  of  it  on  his  naked  arm,  and 
died  a  little  time  thereaAer.'* 

Dr.  Magendie  has,  however,  ventured  to 
introduce  iu  employment  into  medicine.  He 
found  it  bencfidal  against  phthisis  and  chro- 
nic catarrhs.  His  formula  is  the  follow- 
ing:—. 

Mix  one  psrt  of  the  pure  prussic  or  hy- 
drocyanic add  of  M.  Gay  Lussac  wiUi  ^  of 
water  by  wdght  To  tUis  mixture  he  gives 
the  name  of  medidnal  prussic  add. 
Of  this  he  takes  1  gros.  or  59  gr.  IVoy. 
Distilled  water,  1  lb.  or  7680  gn. 
Pure  sugar,  1^  oz.   or  708f  gr. 

And  mixing  the  in^edients  well  together,  he 
administers  a  taUe-spoonf ul  every  morning  and 
evening. 

The  simplest,  and  perhaps  most  economical, 
process  which  I  know  for  obtaining  hydro- 
CTanic  add  of  moderate  strength,  for  most 
chemica],  and  all  medical  purposes,  is  to  dis- 
solve lierroprussiate  of  potash  in  water,  and  to 
add  to  the  solution,  contahied  in  a  retnrt,  as 
much  sul|diuric  add  as  there  was  salt  em- 
ployed. Distilling  with  a  gentle  heat,  hydro- 
cysoic  acid  is  obtained.  If  it  be  tinged  blue 
with  a  little  iron,  this  may  be  separated  dther 
by  filtration  or  redisdllatkm.  Another  mode 
which  I  have  found  to  afibrd  an  add  which 
keeps  wdl,  is  to  transmit  a  current  of  sulphu- 
retted hydrogen  gas  through  a  solution  of 
prussiate  cf  mereury,  till  the  whole  metal  be 
separated  in  the  state  of  sulphuret.  This 
subsides  and  leaves  liquid  hydrocysnic  acid 
mixed  with  some  sulphuicAted  hydrogen, 
which  may  be  removed  by  agitation  with  car- 
bonate of  lead.  This  i»  merdy  a  modification 
of  Vauquelin*s  original  process,  in  which  sul- 
phuretted hydrogen  gas  was  made  to  act  on 
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the  nMil  cyanide  ci  mcfcorf  eontalned  in  » 
glflM  tube. 

Hydrocyamc  add  is  femed  in  a  great  mny 
diemieal  opentioDs ;  as  for  instaaoe,  by  trana. 
mitting  ammoniacal  gas  over  ignited  cbarooal 
eontained  in  a  tube;  as  abo  by  heating  in  a 
glass  tube  closed  at  one  end,  a  mixture  of 
osalate  of  ammonia,  and  oxalate  of  mang». 
nese.  Formiate  of  ammonia  decomposed  in  a 
glass  retort,  is  cooTertad  into  hydrocyanic  add 
and  water. 

One  ten-tbousandth  part  of  pmssio  add 
may  be  detected  in  water,  by  the  addition  of  a 
&w  drops  of  solution  of  salphate  of  iron. 
TMs  test,  although  ddicate,  is  surpassed  bw 
another,  in  which  copper  is  used,  and  which 
wiU  detect  77.^  of  hvdrocyanic  acid  in 
water.  We  must  render  the  liquid  oontainkig 
Ae  hydrecyanie  acid,  slightly  alkaline  with 
potash ;  add  a  few  drops  of  sulphate  of  cop- 
per, and  afterwards  sufficient  muriatic  add  to 
ledissoWe  the  excess  of  oxide  of  copper.  The 
liquid  will  appear  more  or  less  milky,  ac- 
eovding  to  the  quantity  of  hydrocyanic  add 
praseDt. 

A  cat  was  poisoned  by  twdve  drops  of  by. 
drocyanic  add,  in  sixty  drops  of  water :  the 
animal  died  one  minute  after  liaying  swallowed 
the  poison.  At  the  moment  of  its  death,  a 
vapour  came  ftom  its  throat  smelling  strongly 
of  the  acid,  and  a  paper  moistened  with  slkali, 
when  held  to  it,  was  afterwards  rendered  blue 
by  persulphate  of  iron.  The  animal  was  re- 
tuned  at  the  temperature  of  A0»  F.  for  18 
hours,  and  then  opened.  The  odqp  of  prus- 
•ic  add  was  readily  perceived  in  the  brain, 
spinal  marrow,  and  thoradc  organs.  It  was 
Init  slightly  perceptible  in  the  stomach,  whidi 
contained  nothing  but  mucus ;  but  on  cutting 
the  organ  in  pieces,  it  was  devdoped.  The 
stomach  was  cut  into  pieces  under  water,  and 
distitted  with  the  water.  When  about  an 
eighth  of  the  liquid  had  passed  over,  it  was 
mixed  with  potash  and  persulphate  of  iron, 
and  soon  gave  a  feeble  blue  tint,  leavhig  no 
doubt  of  the  presence  of  hydrocyanic  add. 
The  test  by  copper  gave  it  still  more  sensibly. 
The  copper  tested  prussic  add  also  in  the  in. 
tcetines ;  but  the  persulphate  of  iron  did  not. 

Having  been  consolted  by  phyddans  and 
apothecaries  concerning  the  strength  of  the 
dilute  prussic  or  hydrocyanic  add  em]rfoyed 
In  medichie,  I  instituted  a  series  ci  experi. 
ments,  to  determine  the  relation  between  its 
spedfic  gravity  and  quantity  of  real  add. 
The  add  whidi  I  prepared  with  this  view  had 
a  specific  gravity  =  0.A67* 

The  following  table  comprehends  thdr 
results* 

Quantlhr  of  above    <._  nravltv         R«ilAcW 
JLlquia  Acid.        ^P-  ^™^  **y-         per  oeot. 


^TSSSdAdS** 

SjK  Gravity. 

RsBlAtid 

perccnU 

60.0 

a9840 

ao 

44.4 

a9870 

7.3 

40.0 

0.9880 

&4 

30.4 

0.990O 

6.8 

33.3 

0.8014 

6.3 

30.8 

019083 

6.0 

2a6 

•;8880 

4.8 

2&0 

0.9940 

4.0 

32.2 

0.9946 

3.6 

20.0 

0.9952 

3.2 

ia2 

0.9958 

3.0 

10.6 

a9964 

2.7 

15.4 

a9907 

2A 

14.3 

0.9970 

2^3 

13.3 

0.9973 

*      2;1 

12.» 

019074 

2^0 

11.8 

4>.9975 

1.77 

10l6 

0i9978 

1.88 

10.0 

0^9979 

1.88 

100.0 

0.9570 

16 

66.6 

0.9768 

lao 

67.0 

0.9815 

9.1 

From  the  preeeding  table  it  is  obvious,  that 
Ibr  add  of  spedOc  gravity  0.998  or  0.997, 
such  as  is  usually  piucribed  in  medidne,  the 
density  is  a  ciiCenon  of  greater  ntoety  than  can 
be  conveniently  used  by  the  miQonty  of  prac. 
titioners.  In  fket,  the  Hquid  at  a908  contains 
about  double  the  quantity  of  real  add,  which 
It  does  at  0.99&  It  is  theretee  dednble  to 
have  another  test  of  the  strength  of  this  power, 
fdl  and  dangerous  medidne,  which  shaU  be 
easier  in  use,  and  more  ddicato  in  ite  indica- 
tions. Such  a  test  is  alRMded  by  the  red  oxide 
of  mercury,  the  common  red  predpitate  of  the 
shops.  The  prime  equivalent  of  praesic  add 
is  exactly  ooe>dghtb  of  that  of  the  roeRnrial 
peroxide.  But  as  the  pfussiate  of  mercury 
consists  of  two  primes  of  add  to  one  of  base, 
or  is,  in  its  dry  crystalline  state,  a  bicyanide, 
we  have  the  relation  of  one  to  tcita  In  the  for. 
mation  of  that  salt,  when  we  act  on  the  pe- 
roxide  with  odd  pnisde  acid.  Hence  we 
derive  the  following  simple  rule  of  analysis. 
To  100  grains,  or  any  other  convenient  quan- 
tity  of  the  add,  eontafaied  in  a  small  phial, 
add  in  succession  small  quantities  of  the  per^ 
oxide  of  mercury  in  ine  powder,  till  it  ceases 
to  be  dissolved  on  agitation.  The  wdght  of 
the  red  predpitate  tuen  np  bdng  divided  by 
four,  gives  a  quotient  representing  the  quan- 
tity of  real  prusdc  add  present.  By  weighing 
out  beforehand,  on  a  piece  of  paper,  or  a 
wateh-j^ass,  forty  or  finy  grains  of  the  per- 
oxide,  the  residual  wdght  of  it  shows  at  once 
Aequandty  expended. 

Tne  operation  may  be  always  completed  in 
five  minutes,  for  the  red  predpitate  dissolves 
as  npidly  in  the  dilute  prussic  add,  with  the 
aid  of  sUffht  agitation,  as  sugar  dissolves  in 
water.  Should  the  presence  <^  muriatic  add 
be  suspected,  then  me  spednc  gravity  of  the 
liquid  bdng  compered  with  the  numbers  in 
the  above  table,  and  with  the  weight  of  perox- 
ide dissolved,  will  show  how  far  the  en^iicioo 
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specific  grvrity  0.996,  duaolTe  mooM  tfaaa 
12  giainft  of  itie  nd  uwci|iiUte,,we  nuy  be 
sore  that  the  liqaid  dm  been  contaminated 
with  muiiatk  acid.  Nibntfe  of  tilvec,  ia 
conmum  caMa  to  'tfeluable  a  mgent  for  ma- 
riatic  add,  is  unfortnaalcif  of  little  use  here; 
fior  it  ^Tca  with  pattk  add  afloocuknt  white 
^adoUeiBwi 


precipitate,  adoUe  in  water  oi 
tnaoluUe  in  mtrie  add,  whidi  may  be  easily 
iTifiifalrfn  by  oominon  ofaMrreis  for  the  chl»- 
ride  of  that  metaL  But  the  diffennee  in  the 
volatility  of  pnnsiate  and  muriate  of  ammo- 
nia  may  be  had  reoonne  to  with  advantage; 
the  fbimer  eichahng  at  a  very  gentle  heat,  the 
latter  teqmring  a  suUiming  temperaiuxe  of 
about  300«  Fahrenheit.  After  adding  am- 
BQonia  in  sBg^  exeen  to  the  pruaaie  add,  if 
we  evaporate  to  dryneaa  at  a  hett  of  212o,  we 
Boay  ii&r  fitom  the  lendnary  aal  ammoniac  the 
qoantity  of  muriatic  add  preaent. 

The  pBBffdii^  table  ia  the  xcaolt  of  experi- 

menia  which  Z  made  aome  time  ago  at  Glaa- 

9DW.    I  have  latdy  verified  its  acemacy  by 

czperimentB  made  at  the  Apotheearics'  Hall, 

IjondoB,  on  their  pure  pmaaic  add.     100 

gnina  of  the  bieyanide  of  mereniy  require 

£ar  their  convenioD  into  bichloride  (coROiive 

sublimate),  28.M  gndna  of  chlorine,  a  quan- 

tity  to  be  fooad  in  JOO  grains  of  muriatic 

udd,  ipedfic  gcavity  1.1462.    And  as  100 

9»Ba  of  the  bieyanide  afibrd  20.6  of  real 

pmaric  add,  they  will  fomiab,  by  careful  dis. 

tillacion  on  a  water  bath,  a  quantity  of  liquid 

add,  equivalent  to  700  grains  of  the  medicinal 

tncDgth  0.896b    By  consulting  my  table  of 

muriatie  add»  publttbed  in  this  Dictionaiy, 

tbe  qaantity  of  it  at  any  density,  neceaaary  for 

decomposing  the  above  cyanide,  will  be  im. 

medialdy  found;  beaxiiig  in  mind,  that  31.6 

=  the  prime  equivalent  of  the  aalt,  CQtreqtonds 

toOofdilorine. 

Scheele  found  that  pruaaie  add  oocaaioned 
ptedaitafcea  with  onljr  the  following  diree 
metallic  adntions;  nitrates  of  ailver,  and 
meveoiy,  and  carbonate  of  silver.  The  firat 
is  whke,  the  aeoond  black,  die  third  green, 

The  hydiueyanatea  are  all  alkalinp,  even 
when  a  great  eKoeaa  of  acid  is  employed  in 
their  Ibtmation  ;  and  they  are  deoompoaed  by 
die  weakcft  adds. 

The  hydiocyanate  of  ammonia  oystallizes 
in  cabaa,  in  BinaQ  {ffiams  oroasing  each  other, 
er  ia  fieathery  oyatals,  like  the  leavea  of  a 
fin.  Ito  vohrtilt^  ia  audi,  that  at  the  tem. 
pentare  of  714*  it  ia  capable  of  beaiing  a 
piemnie  tif  17*72  indiea  of  mercury ;  and  at 
87*  ita  eiastidty  is  equal  to  that  of  the  atmo. 
(phcR.  Unfortunately  this  aalt  ia  charred  and 
deeonpoaed  with  extreme  &dlsty.  Its  great 
vda^ity  paefeoted  M.  Gay  Luasac  from  de* 
lennioing  the  proportion  of  ita  eonadtuenta. 
HydiBcyanic  add  canvtrta  iron  or  its  oxide 
bfaae  widwttt  the  hdp  dther  of 


athalboraddB.  CywegcB  asta  on  iaoA  ud 
water  as  iodine  doea  on  water  and  a  baae ;  and 
a  crAJTic  add  is  formed,  which  diMcdvcs  a 
part  of  the  iron,  but  ahuaod  at  the  aaae  time 
hydnxTsnic  add,  which  changea  another  pact 
ef  the  inn  into  prussian  blue. 

According  to  M.  VauqueliB,  very  complei 
disngea  take  place  when  gaaeoua  cyanegea  ia 
combined  with  water,  which  leave  the  natura 
of  cyanic  add  involved  in  aeme  obecurity. 
The  water  is  decomposed;  part  of  iu  hydrogen 
eombinea  with  one  part  of  the  cyanqgen,  and 
fanna  hydrocyanic  add ;  another  part  unites 
with  the  nitrogen  of  the  cyanogen,  and  ibrma 
ammenia ;  and  the  oxygen  of  the  water  fonna 
carbonic  add,  with  one  part  of  the  carboa  of 
the  cyanogen.  Hydrocyanate,  carbcnaie,  and 
cyanate  of  ammonia,  are  also  found  in  the 
liquid;  and  there  stsU  remain  aome  carbon 
and  nitrogen*  wluch  produce  a  brown  d^oaic 
Four  and  a  half  parts  of  water  abaorb  one  of 
gaaeoua  cyanogen,  which  communicate  to  it  a 
diarp  taste  and  amell,  but  no  colour.  The 
solution  in  the  course  of  aome  daya,  however, 
becomes  yeUow,  and  afterwards  brown,  in 
consequence  of  the  inteatine  changes  related 
above. 

Hydrocyanic  add  ii  separated  from  potash 
by  carbonic  add ;  but  when  oxide  of  iron  is 
added  to  the  potash,  M.  Gay  Luasac  ooncdvea 
that  a  triple  compound,  united  by  a  mudi 
more  energetic  affinity,  results,  constituting 
what  is  usually  called  pruaaiate  of  potaah,  or 
pruaaiate  of  potash  and  iron.  In  iUustratioa 
of  this  view,  he  prepared  a  hydrocysnate  of 
potaah  and  silver,  which  was  quite  neutral, 
and  which  crystalUxed  in  hexagonal  plates. 
The  solution  of  these  crystals  oredpitates  salts 
of  iron  and  copper,  white.  Muriate  of  am- 
monia does  not  render  it  turbid ;  but  muriatic 
add,  by  disengaging  hydrocyanic  add,  pred. 
pitatea  chloride  of  silver.  Sulphuretted  by. 
drogen  produces  in  it  an  analogous  dianga 
This  compound,  says  M.  Gay  Lussac,  is 
evidently  the  tri{de  hvdrocyanate  of  potaah 
and  silver;  and  ita  formation  ought  to  be 
analogous  to  that  of  the  other  triple  bydn>- 
cyamues.  ^^  And  as  we  cannot  doubt,*'  adds 
hi?,  ^  that  hydrocyanate  of  potash  and  silver 
ii  in  reality,  from  the  mode  of  its  formation, 
a  compound  of  cyanide  of  ailver  and  hydrocy- 
anate of  potash,  I  concave  that  the  hydro, 
cyanate  of  potash  and  iron  is  likewise  a  com* 
pound  of  neutral  hydrocyanate  of  potash,  and 
aubcyanide  of  iron,  which  I  bdieve  to  be 
combined  with  hydrocyanic  add  in  the  white 
predpitate.  We  may  obtain  it  perfectly 
neutnl,  and  then  it  does  not  decompose  alum; 
but  the  hydrocysnate  c^  potash,  whidi  is 
always  alkalinPi  produces  in  it  a  lidbit  and 
floocnknt  predpitate  of  alumuuu  To  the 
same  exocas  of  alkali  we  must  asaibe  the  ochry 
odour  of  the  pradpitatea  which  hydrocyanate 
of  potaah  forms  with  the  persalts  of  iron. 
Thus  the  remarkable  fact,  which  ought  to  fix 
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the  attention  of  dicmiBts,  and  which  appean 
to  mfe  to  overtiun  the  theory  of  Mr.  Pomtt, 
is,  that  hydiDCyanate  of  potaah  oaonot  beoome 
neatnl  except  when  oombiDed  with  the  cya. 
Bides." 

ACID  (CYANIC).  Cyanate  of  potash 
may  be  procnied  in  laige  quantity  by  heating 
to  dull  redness  a  very  findy  pulveiued  mix. 
tuie  of  about  equal  parts  m  ferropruasuite  of 
potash  (well  dried)  and  peroxide  of  manganeaeL 
If  the  heat  be  too  great,  we  shall  obtain  little 
salt,  because  the  deutoxide  formed  appears  to 
change  into  protoxide  at  the  expense  of  the 
cyanate.  The  mass,  is  to  be  boued  with  al- 
cohol  of  moderate  strength  (0.840  sp.  gr.),  and 
on  cooling,  the  salt  separates  in  small  plates, 
resembling  chloiate  of  potash.  It  is  insdubie 
in  purealcohoL 

Cyanate  of  potash  acted  on  by  muriatic  add 
gas  is  converted  into  chloride  of  potassium, 
and  mudi  sal  ammoniac  is  derelopea.  Cyanate 
of  potash  by  shnple  boiling  in  water  becomes 
carbonate  of  potash.  By  both  modes  of  ana- 
lysis it  seems  to  consist  of  potash  67*95,  add 
42.05 ;  whence  the  prime  equivalent  of  the 
add  would  seem  to  be  4.46 :  100  of  cyanate 
of  silver  omtain  77-353  of  oxide ;  a  statement 
according  nearly  with  the  above  equivalent. 

The  cyanates  acted  on  by  aqueous  adds, 
give  out  their  carbon  of  composition  in  the 
form  of  carbonic  add.  In  this  way,  the  acid 
constituent  of  cyanate  of  silver  was  analyzed, 
and  fimnd  to  contain,  carbon  36.334,  aaote 
41.317,  and  oxygen  23.349;  or  cyanogen 
70.471,  oxygen  23J^29.  In  &ct,  2  atoms  of 
carbon  =  1.6  -}- 1,  azote  =1 1.75  -}- 1,  oxygen 
=  1.  give  a  sum  =  4.25 ;  which  converted  to 
per  cent,  proportions  are,  carbon  35.3,  azote 
41.7.  oxygen  23.5S  =  100.  Hence  this  acid 
has  the  same  composition  as  the  fulminic  acid, 
though  iu  properties  are  very  difierent.  F. 
WoiUer^  AnnaicM  de  Chim,  et  de  Phy$.  xxviL 
196* 

ACID  (CHLOROCYANIC,  or  CHLO- 
ROPRUSSIC).  M.  BerthoUet  discovered, 
that  when  hydrocyanic  add  is  mixed  with 
dblorine,  it  acquires  new  properties.  Its  odour 
is  much  increased.  It  no  longer  forms  prus- 
sian  blue  with  solutions  of  iron,  bat  a  green 
predpitate,  which  becomes  blue  by  the  addi. 
tion  of  sulphurous  add.  Hydroqranic  add 
thus  altered  had  acquired  the  name  of  ocy- 
prumc,  because  it  was  supposed  to  have  ac- 
quired oxygen.  M.  Gay  Lusaac  subjected  it 
to  a  minute  examination,  and  found  that  it  was 
a  compound  of  equal  volumes  of  chlorine  and 
cyanogen,  whence  he  proposed  to  distingnish 
it  by  the  name  of  chlorocyanic  add.  To  pre* 
pare  this  compound,  he  passed  a  cuirent  of 
chlorine  into  solution  of  hydrocyanic  add,  till 
it  destroyed  the  oolour  of  sulphate  of  indigo; 
and  by  agitating  the  liquid  with  mercury,  he 
deprived  it  of  the  excess  of  chlorine.  By  dis- 
tillation, afterwards,  in  a  moderate  heat,  an 
elastic  fluid  is  dissngaged,  which  posssMes  the 


proptfties  fbrmeriy  assigDed  ioarffpnusie  adcL 
Thiis,  however,  is  not  pure  chlorocyanic  acid, 
but  a  mixture  of  it  with  carbonic  add,  in  pro* 
portions  which  vary  so  much,  as  to  naake  it 
difficult  to  determine  them. 

When  hydioqranic  add  is  snpearsatmmted 
with  chlorine,  and  the  excess  of  this  laat  ia  re- 
moved by  mercury,  the  liquid  contsins  diloco- 
cyanie  and  muriatic  adds.  Having  put  mer- 
cury into  a  glass  jar  until  it  was  3-4tii8  fuU, 
he  filled  it  completely  with  that  add  liquid, 
and  inverted  the  jar  in  a  vessel  of  mevciuy. 
On  exhausting  the  reedver  of  an  air-pump 
contaming  this  vessd,  the  mercury  sunk  ia 
the  jar,  in  consequence  of  the  ehntic  fluid  dis- 
engaged. By  degrees  the  liquid  itsdf  was  en- 
tirdy  expelled,  and  swam  on  the  mevcuiy  od 
the  outside.  On  admitting  the  ahr,  the  liquid 
could  not  enter  the  tube,  but  only  the  mercury, 
and  the  whole  elastic  fluid  condaised,  except  a 
small  bubble.  Hence  it  was  condnded  that 
chknocyanic  add  was  not  a  permanent  gas, 
and  that,  m  oider  to  remain  gaseous  under 
the  pressure  of  the  air,  it  must  be  mixed  with 
another  gaseous  substance. 

The  mixture  of  cMoncyanic  and  cariMmic 
adds,  has  the  following  propertieB.  It  is  00. 
lourlcss.  Its  smell  is  very  strong.  A  very 
small  quantity  of  it  irritates  the  pitoztory 
membrane,  and  occssiops  tears.  It  reddens 
litmus,  is  not  hiflammable,  and  does  not  do- 
tonate  when  mixed  with  twice  its  bulk  of  oxy- 
gen or  hydrogen.  Its  density,  determined  by 
calculation,  is  2.111.  Its  aqueous  sohition  does 
not  predpitate  nitrate  of  silver,  nor  barytes 
water.  The  alkalis  absorb  it  rapidly,  but  an 
excess  of  them  is  necessary  to  destroy  its  odour. 
If  we  then  add  an  add,  a  strong  efiervesoenoe 
of  carbonic  add  is  produced,  and  the  odour  of 
chlorocyanic  add  is  no  longer  perodved.  If 
we  add  an  excess  of  lime  to  the  add  solution, 
ammonia  is  disengaged  in  abundance.  To  ob- 
tain  the  green  precipitate  from  solution  of  iroD» 
we  must  begin  by  mixing  chlorocyanic  add 
with  that  solution.  We  then  add  a  little  pot- 
ash,  and  at  last  a  little  add.  If  we  add  the 
alkali  before  the  iron,  we  obtain  no  green  pre* 
dpitate. 

AI.  Gay  Lnssac  deduces  for  the  oompodtion 
of  chlorocyanic  add  1  volume  of  carbon  +  ^ 
a  volume  of  aiote  -f  i  a  vokune  of  chlorine; 
and  when  decomposed  by  the  successive  action 
of  an  alkali  andan  add,  it  produces  1  volume 
of  muriatic  add  gas  + 1  volume  of  carbonic 
add  4- 1  volume  of  ammonia.  The  above 
three  elements  separately  constituting  two 
volumes,  are  condensed,  by  fonning  chloro. 
carbonk  acid  into  one  volume.  And  since 
one  vohmie  of  dHonae,  and  one  volume  of 
cyanogen,  produce  two  vdUnnes  of  diloro- 
cyanic  add,  the  density  of  this  last  ought  to 
be  the  half  of  the  sum  of  the  denaties  of  its 
two  constituents.  Dendty  of  chlorine  is  :U21, 
density  of  cyanogen  1.801,  half  sum  =  2. 1 1 1 « 
as  stated  above:  Or  the  ptoportiana  by  weight 
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vm  be  3.S5  =  a  prime  eouinilait  of  eyaao- 
f^sD  4-  4.5  =  a  imme  of  cnloriiie,  giving  the 
cqviralent  of  chlorocyanic  add  =  7*75. 

Chloroejraiilc  add  exhibits  with  potaadum 
almost  the  lamepheiiaiDaia  as  eyanogen.  The 
inflammatioB  it  cqnaDj  slow,  and  the  gas  dl- 
miniabca  as  nradi  in  fotame. 

ACID  (FBRROPRUSSIO.  Into  a  so. 
lution  of  the  araher-oolound  crystahi,  usually 
called  pniadate  of  poCaafa,  pour  hydrosulphu. 
vet  of  harytea,  as  IcMig  as  any  predpitate  falls. 
T*fannr  the  whole  ona  filter,  and  waah  tfaepre- 
cipi tale  wiA  cold  water.  Dry  it ;  and  having 
daswrfwd  100  parts  in  eold  water,  add  gradually 
SO  of  eoneenttated  sulphuric  add;  agitate  the 
mzztme,  and  aet  it  aside  to  repose.  The  super* 
laatant  liquid  is  the  fempruasie  add  of  Mr. 

PORCtt. 

It  baa  a  pak  letnon-yeOow  colour,  hut  no 
amelL  *  Heat  and  light  decompose  it.  Hydro- 
cyanic add  is  then  formed,  and  white  ferro- 
pmatmtr  of  ftaa,  which  soon  hecomes  blue; 
Its  alfodty  for  the  bases  enables  it  to  displace 
aoatir  add,  without  heat,  from  the  acetates, 
and  to  foan  feiro|guaHatifS« 

When  a  saline  solution  contains  a  base  with 
which  the  ftnopruaaic  add  forma  an  insoluble 
aanponod,   then,    agreeably  to  BertbolIet*8 
principle,  it  is  capable  of  supplanting  its  add. 
When  ftnwpruasiate  of  soda  is  expowd  to  T<d. 
taic  dectricity,  the  add  is  e^tAved  at  the  pesi- 
tiwe  pole,  widi  its  constituent  iron.    Mr.  Por- 
"    B  this  add  ^^  as  a  compound  of 
4  stoma  carbon    =  30.00 
1  atom  axote       =  17.50 
1  atom  mm         =  17.50 
1  atom  hydrogen  =    1.25 

6a25" 
repnsents  the  weigihtof  its  prime 
equivalent.  Ferroprussiste  of  potadi,  and  of 
batytes,  wiU  eadif  therefore,  according  to  him, 
cansiBt  of  an  atom  cf  add  +  an  atom  of  base 
-|-  two  atoms  of  water. 

BfrapHoshas  shown  ^t  when  sulphuretted 
liydrogm  gas  is  transmitted  orer  effloresced 
fcfinginons  prussiate  of  potash,  heated  in  a 
glass  tube  by  a  spirit  lamp,  no  hydrocyanic 
add  or  water  is  produced ;  and  that  therefore 
the  iron  pnaent  in  the  salt  is  in  the  metallic 
stata  (m  igniting  dry  feiropmssiate  of  pot- 
sdi  along  with  peroxide  of  copper  in  a  glass 
tube,  the  same  oiemist  found  that  the  gaseous 
peodncie  coosistod  of  carbonie  add  and  azote 
ia  tiie  proportion  of  three  volumes  of  the  former 
totwo  voloncs  of  the  latter.  The  same  result 
was  obtained  oom  ferroprussiate  of  baiytes. 
But  as  die  potaah  and  barytas  of  the  above 
ssltsictain  a  portion  of  thd  carbonic  acid,  Ber- 
aehna  next  analysed  in  the  same  way  femn 
praarialsof  lead :  he  found  diat  the  gas  col- 
keied  towards  the  end  of  the  operation,  which 
was  quite  free  from  atmospheric  aur,  was  a 
mixtnie  ai  two  pasta  of  carbonic  add,  and  one 
part  oitm&te  by  vofaune.    Hence  the  carbon 


and  asote  in  these  salts  exist  in  the  same  pTO« 
portions  as  in  cyanogen ;  no  water  was  pro- 
duced.  He  €naUy  condudes,  that  the  dry 
ftrroprussiates  are  composed  of  one  atom  of 
cyanide  of  iron  and  two  atoms  of  cyanide  of  the 
other  metal,  potasmum,  barium,  ot  lead ;  ac- 
cording as  it  IS  a  ferroprusdate  of  potash,  ba- 
rytes,  or  lead,  that  is  in  question.  Berzdius 
conaidera  the  ferroprussic  orfeiimetted  chyadc 
add  of  Mr.  Porrett  as  a  super-hydrocysnate  of 
iron  in  an  impure  state.  To  obtain  it  pure 
he  adopted  the  following  method :  he  decom- 
posed  wdl-washed  ferroprnssiate  of  lead,  under 
water,  by  a  current  of  sulphuretted  hydrogen 
gas,  removing  the  excess  of  sulphuretted  by- 
orogen  witii  a  small  quantity  of  ferroprusdate 
of  lead.  The  filtered  fluid  remuned  Umpid 
and  colourless  in  vacuo,  leaving  eventually  a 
milk-white  substance,  which  had  no  appear- 
ance of  crystallization.  This'  white  matter 
has  the  foQowing  properties.  It  dissolves  in 
water,  to  which  it  imparts  an  add  and  agree- 
able flavour,  but  which  is  rather  astringent 
In  contact  with  the  air  it  deposits  pnissian 
blue,  and  assumes  a  greenish  colour.  It  is 
inodorous,  unless  it  has  begun  to  decompose. 
When  boiled,  the  liquid  gives  out^vdrocyanic 
add,  and  deposits  a  powder  whicn  becomes 
blue  in  contact  with  the  air.  It  is  necessary 
to  boil  it  for  some  time  to  decompose  it  en- 
tirely.  If  cold  water  be  saturated  with  dry 
super-hydrocyanate,  and  the  solution  be  suf- 
fered to  remain,  it  gives  small  transparent  co- 
lourless crystals,  which  appear  to  contain  water 
of  crystallization.  The  crystals  are  apparently 
quadrilateral  pnsms  in  groups  composed  of 
concentric  rays.  Berzelius  supposes  these  to 
be  hydrocyanate,  in  which  water  replaces  the 
second  base  that  existed  with  the  protoxide  of 
iron.  The  white  substance  obtained  by  eva- 
poration in  vacuo  does  not  appear  to  contain 
any  water,  or  rather  appears  to  be  the  super- 
hydrocyanate  of  protoxide  of  iron,  without 
water  of  crystallization :  for  if  it  be  distilled  in 
a  small  and  proper  apparatus,  it  gives  at  first 
hydrocyanic  ada ;  afterwards  carlM)nate  of  am- 
monia and  prussiate  of  ammonia.  The  pro- 
duction of  ammonia  in  this  experiment  proves 
that  what  remains  after  the  hydrocyanic  acid, 
which  is  first  evolved,  is  a  hydrocyanate,  and 
not  a  cyanide,  because  in  the  latter  case  it 
could  only  have  given  hydrocyanic  add  and 
aiotic  gas.  This  substance  may  be  kept  with- 
out alteration  in  wdl  dosed  vessels;  but  in 
the  air  it  gradually  decomposes,  becomes  at 
first  greenish,  afterwards  blue,  and  finishes  by 
being  entirdy  converted  into  piusdan  blue. 

On  the  relations  of  prussic  add  and  iron, 
the  following  observations  by  M.  VauqueKn 
are  curious.  Hydrocyanic  add  diluted  with 
water,  when  placed  in  contact  with  iron  in  a 
^aas  vessel  standing  over  mercury,  quickly 
produces  prnssian  blue,  while,  at  the  same 
time,  hydrogen  gas  is  given  out.  The  great- 
est part  of  the  pnissian  blue  formed  in  that 
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operatMMi,  nnuum  in  solatioii  in  die  tifuid. 
It  Jippean  only  when  the  liquid  comes  in  con- 
tact with  the  aix»  This  abbws  us  that  pnunan 
Uue,  at  a  minimum  of  ozidiiement,  ia  eoluble 
in  hydrocyaiuc  add.  Dry  hydrocyanic  acid 
placed  in  contact  with  iron  filings,  undeigoes 
no  change  in  its  colour  nor  smell ;  but  the 
iron,  whidi  becomes  ag^utinated  togdfher  at 
the  bottom  of  the  vessel  assumes  a  brown 
colour.  After  some  days,,  the  hydrocyanic  add 
being  separated  from  the  iron,  and  put  in  a 
small  capsule  under  a  glass  jar,  erapotated 
without  leaving  any  residue.  Therefore  it  had 
dissolved  no  iron.  Hydrocyanic  acid  dissolved 
in  water,  placed  in  contact  with  hydrate  of 
iron,  obtained  by  means  of  potash,  and  washed 
with  boiling  water,  furnished  prusaian  blueim- 
mediately,  without  the  addition  of  any  add. 
Scheele  has  made  mention  of  this  facu  When 
hydrocyanic  add  is  in  excess  on  the  oxide  of 
iron,  the  liqucr  which  floats  over  the  pra«sian 
blue  assumes,  after  some  time,  a  beautiful 
purple  colour.  The  liquor,  when  evaporated, 
leaves  upon  the  edge  of  the  dish  drcles  of 
blue,  and  others  of  a  purple  colour,  and  like- 
wise crystals  of  this  last  colour.  When  water 
is  poured  upon  these  substances,  the  purple- 
coloured  body  alone  dieaolves,  and  gives  the 
liquid  a  fine  purple  colour.  The  substance 
which  remains  undissolved  is  pmssian  blue, 
which  has  been  held  in  scdudoo  in  the  hydro* 
cyanic  acid.  Some  drops  of  chkcine  let  fall 
into  this  liquid  change  it  to  blue,  and  a  greater 
quantity  deatzoya  ita  colour  entirely.  It  ia 
temarkable  that  potaah  poured  into  the  liquid 
thua  deprived  of  its  colour,  occaaiona  no  pre- 
dpitate  whatever 

Chemiata  will  not  fail  to  remark,  from  those 
experimenta,  that  hydrocyanic  acid  doea  not 
form  pruasian  blue  directly  with  iron;  but 
that,  on  the  addition  of  water,  (drcumatancM 
remaining  the  same,)  pruasian  blue  ia  pro- 
duced. They  will  remark,  likewiae,  that  cya- 
nogen united  to  water  diaacdvea  iron.  This  ia 
confirmed  by  the  inky  taate  which  it  acquires, 
by  the  dittappearance  of  its  colour,  and  by  the 
residue  which  it  leaves  when  evaporated ;  yet 
Prussian  blue  is  not  formed.  These  experi- 
ments seem  to  ahow  that  pruaaian  bhie  ia  a 
hydTooyanate,  and  not  a  cyanide. 

The  ammonia,  and  hydrocyanic  add,  dia- 
engaged  during  the  whole  duration  of  the 
oombuation  of  pruasian  blue,  give  a  new  aup. 
port  to  the  opinion,  that  Mb  substance  is  a 
t^rdrocyanate  of  iron;  and  likewise  the  results 
which  are  furnished  by  the  deoompodtum  of 
prusaian  blue  by  heat  in  a  retort,  ahow  cleariy 
that  it  contains  both  oxygen  and  hydrogen, 
which  are  ooost  abundant  towards  the  end, 
long  after  any  particles  of  adhering  water  must 
have  been  disdpated. 

8ttch  compounds  we  shall  call  fiaroprus- 
siaiea.  M.  Vauquelin  and  M.  Themod  atyte 
them  ferruginoua  pruaaiatea. 

Ferrtipruuwie  of  poia^.    Into  an  egg- 


ahaped  hm  pot,  brought  to  msdoateigBiliimv 
project  a  nixfeiice  of  good  peail-aeh  and  dry- 
animal  matteca,  of  whidi  hoofa  and  homa  aro 
best,  in  the  proportion  of  two  parta  of  thefbr- 
mer  to  five  of  ttie  latter.  Stir  them  well  wicfa 
a  flat  ir(Hi  paddle.  The  mixture,  aa  it  caldnea, 
will  gradiudly  aaaune  a  pasty  form,  during 
which  tsaasitkm  it  must  be  toaaed  about  with 
much  manual  labour  and  dexterity.  When 
the  oonvaaion  into  «  diemical  compound  is 
seen  to  be  completed  by  the  ceaaation  of  the 
fetid  animal  vapeura,  remove  the  pasty  maas 
with  an  iisn  ladle. 

If  this  be  throws,  while  hot,  into  watec, 
some  of  the  prosaic  add  will  be  converted  into 
ammonia,  and  of  course  the  usual  product  di. 
miniahed.  Allow  it  to  cool,  diasolve  it  in 
water,  clarify  the  solution  by  filtration  or  sub. 
sidence,  evaporate,  and,  on  cooling,  ydlow 
oystab  of  the  fenopruaaiate  of  potarii  will 
£arm.  Separate  these,  rediaaolve  them  in  hot 
water,  end  by  allowing  the  solution  to  oool  very 
alowly,  larger  and  very  regaht  crystals  mi^  be 
hsd.  This  salt  ia  now  manufactured  in  several 
parts  of  Great  Britain,  on  the  Unge  scale ;  and 
theiefoie  the  experiment^  chemist  need  not 
incur  the  trouble  and  nuisanoe  of  its  prepara- 
tion. Nodiing  can  exceed  in  beauty,  puritj; 
and  perfectun,  die  crystals  of  it  prepared  at 
Campsie,  by  Mr.  Maddntoah. 

An  extempomeoua  fSBrropniaaiate  of  potash 
may  at  any  time  be  made,  byactmg  on  prus- 
aian blue  with  pure  carbonate  of  potaah,  pre- 
panedirom  the  ignitedbioarbonate  or  bitartrate. 
The  blue  ahouM  be  pieviooaly  digiested  at  a 
moderate  heat,  for  an  hour  or  two,  in  ita  own 
weight  of  Bulphuric  add  .diluted  with  five 
timea  ita  weight  of  water ;  then  filtered,  and 
thoroughly  edulcorated  by  hot  water,  from  the 
sulphuric  add.  Of  this  purified  pruasian  blue, 
add  sucoeaaive  portiooa  to  thealkaline  aolutioD, 
aa  long  aa  its  colour  is  destroyed,  or  while  it 
continues  to  change«finom  blue  to  brown.  Filter 
the  liquid,  saturate  the  dight  alkaline  excees 
with  acetic  add,  ooDOentrate  by  evapocatkm, 
and  aUow  it  alowly  to  oooL  Quadraugolar 
beveUed  cryatala  of  the  ferropnuaiate  of  potash 
will  form. 

This  salt  is  transparent,  and  of  a  beautifttl 
lemon  or  topaz-ydlow.  Its  specific  gravity 
is  1.830.  It  has  a  saline,  cooling,  but  not 
unpleasant  taste.  In  large  crystals  it  posr 
aeaaea  a  certain  kind  of  toughnesa,  and,  in 
thin  acales  of  elasridtr.  The  inclination  of 
the  bevelled  aide  to  the  plane  of  the  crystal 
ia  about  las'".  It  loaea  about  13  per  cent, 
of  water,  when  moderatdy  heatad ;  and  then 
appeara  of  a  white  colour,  aa  happens  to  the 
green  oopperaa ;  but  it  does  Botmdt  like  this 
salt  The  crystals  retain  thdr  figure  till  the 
heat  verges  on  ignition.  At  a  red  heat  it 
blackena,  but,  from  the  mode  of  its  formatiMi, 
we  see  that  even  that  temperature  is  compatible 
with  the  exiatenGe  of  the  add,  provided  it  be 
not  too  long  continued.    Water  at  W*  dia- 
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shcs  WBaOf  «ne4hiid  of  its  «ne|^t  m£  thp 
OTStals;  end  at  the  bofliiig  point,  akoott  tto 
<mn  wti^u  It  is  not  loluUe  in  akohol^ 
ud  bence,  chrmical  compiien,  with  neftdlwi 
scrapolootj,  have  iiii^wil  to  tfamt  liquid  the 
hoedltaty  linecure  of  aeiaening  the  nit  from 
the  ixnagiiiaiy  danger  of  atnumpheriad  action. 
It  ia  not  ■kend  br  the  air.  Expoted  in  a  re- 
tort to  aslraig  led  heat,  it  yields  pnusic  acid, 
liMioic  add,  and  a  coaly  residue 
^  of  charcoal,  metallic  iron,  and  pot- 
When  dilute  nlfAiiiic  or  mntiatic  add 
is  boOed  oo  it,  pnusic  add  is  efohred,  and  a 
wry  abrndam  while  pndpUate  of  proto- 
fRiHiale  of  iron  and  potuh  £aUa,  which  aAer* 
wwda«  treated  with  liipud  chlorine,  yielda-a 
pmaaian  bbics»  aqoiTalent  to  ioUy  one-third  of 
tile  tali  employed.  Neither  snlphuzetted  hy- 
diagai,  the  hydrasulphaieta,  nor  infusion  of 
^alla,  fdodnfle  any  diange  on  tins  aalt.  Red 
oxide  of  flDcfcaiy.acts  poweifiUty  on  its  solu*- 
tJonatamadintrliBat.  Prosaiate  of  mercury 
is  Ibmed,  whidi  lemains  in  solutioii  {  white 
penndde  of  iron  and  metallic  mercury  pi^ 
dpitatft  ThoB  we  see  that  a  portion  of  the 
BMHMfiaJ  oxide  is  ledueed,  to  eairy  the  iioD  to 
Ae  i—rimnm  of  ondiaemflnt 

Tito  aoihitian  of  ftrroprusdate  of  potash  is 
not  aiKiiJed  by  alkalis ;  bat  it  'is  decomposed 
by  aliBDst  all  the  Hdn  of  the  permanent 
miftnls  The  f eflowiag  table  presents  a  view 
of  tbe  eoloon  of  the  metallic  predpitBtos  thus 


Gives 

White  pmdpkato. 
Copious  white. 
Co^os  dear  blue. 
I  dark  blue. 


Rwtoxideofiwn, 
Pf  toll  ids  of  iron, 
Tiitoxideflrinm, 
Tin, 


Ihaniani, 
Cowm, 


Pkotaodde  of  copper, 
Deotoari'     ' 
NlcU, 


Dtetaxide  of  awrcoiy. 
8ih«, 


BhodiniHi  Plsdmnn, 
told  Odd, 


If  I 


Whiter 
White. 

BlBOd.€0iOUM. 

White. 

Grass-greenb 

Green. 

White. 

Whit& 

Ciimsoo-bBowo. 

Apple-green. 

White. 

White. 

White,  pocsing  to  blue, 

in  die  air. 
Oliye. 

None. 


^  of  tbeto  piedpitatas,  for  example 
i  or  copper,  be  digeeted  in  a 
I  of  potadi,  we  obtein  a  fenopruesiate 
<£  patadi  and  iron  exactly  similar  to  wliat  is 
'  '  r  dte  action  of  the  alkaline  aolution 
Aae.    Those  piedpitotes,  there. 
kaqmntityoflion. 


The  nseaidito  of  Bcadivs  hnreahowB  thtt 
dry  ftrrapnusiate  of  potash  istraly  a  compound 
of  one  atom  of  cyanide  of  iron,  with  two  atons 
ofcyanideof  potasnttm.  Its  composition  OAy 
therefore  be  stated  as  fbUows: 

With  water  of  ciyst^. 

1  -»««,  5  Iron  =    ».«>    Ifi-W    13.15 

*•**«"  ^Cyan«^=    3.251, 

Qrsnogen  =    «.0O/^ 

Potsasium  =  10.00  4a60  37-56 
Water  12.07 


2atomi 


Ul.94    30.02 


23.25  100.00 

In  Its  crystallized  state  it  contains  three 
atoms  of  water,  which  makes  iti  prime  equi- 
Talent  in  that  esse  2a25  -}-  3.375  =  26.625. 
To  convert  this  weight  into  ferropmssiate  of 
lead,  two.atoma  of  nitrate  of  lead  will  be  re- 
ared =  41.5 ;  so  diat  one  atom  of  nitrate  of 

,_^      ^—      .«..         .    ,  2^025 

iaad  =  20.75,  will  be  equivdent  to — —  at 

13.3125  of  crystals  of  ferroprussiato  of  potash. 
These  13.3125  parts  of  salt,  by  the  action  of 
nitrate  of  lesd,  afford  12.75  parts  of  nitre,  whidi 
contain  six  of  potash. 

Ferropruanaie  of  »oda  may  be  prq>ared 
&om  Prussian  blue  and  pure  soda,  by  a  simi- 
lar  process  to  that  prescribed  for  the  preceding 
salt.  It  crystallises  in  four-sided  prisms,  ter- 
minated by  dihedral  summits.  They  are 
yellow,  transparent,  have  a  bitter  taste,  and 
effloresce,  losmg  in  a  warm  atmosphere  37^ 
per  cent  At  55"*  they  are  soluble  in  4^  parte 
of  water,  and  in  a  much  leas  quantity  of  boil- 
ing  water.  As  the  solution  cooU,  crystals 
separate.  Thdr  spedfic  gravity  is  1.450. 
They  are  said  by  Ilr.  John  to  be  soluble  in 
alcohoL 

Ite  oonstituento  are  as  follows : 
1  -♦^    S  Iron  =    3.60    11.48 

**^  <  Cyanogen  =  3.25^3,^ 
9  ..nm.  J  Cyanogen  =  6.50  S  '^ 
2atoms^g^j^^     =   aoo     19.67 

10  atoms  water  1 1.25    36.88 

30.50  100.00 
FerroprusHate  of  lime  may  be  easily  formed 
from  prusuan  blue  end  lime  water.    lu  so- 
lution yields  crystalline  grains  by  evapora- 
tion. 

It  consistoof: — 

Iron  3.50  11.80 

Cyanogen      9.75  33.05 

Calcium        ^00  1&96 

Wata         11.25  38.13 

29.50  100.00 

The  preceding  results,  as  slso  those  of 
Bendius  on  the  terrocyanide  of  lead  being  ap- 
parently discordant  with  those  which  I  have 
stated  in  my  paper,  on  the  ultimate  analvsisof 
organic  compounds  (PhiL  Trans.  1822),  that 
a  few  words  of  explanation  seem  requiate. 
I  found  that  an  atom  of  nitrate  of  lead  = 
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90.75,  vai^  hy  the  method  of  double  deooro- 
podtioD,  eqniyakDt  to  13.125  ofcrystalliwd 
renocyaniae  of  potanium ;  whence  I  iaferted 
that  this  was  its  atomic  weight  According 
to  BerzeliiM  20.75  parts  of  nitrate  of  lead,  are 
equivalent  to  13.3175  of  the  crystallized  ferro- 
cyanide  of  potassium.  This  difference,  though 
small,  would  exdte  my  surprise,  considering 
the  pains  that  I  took,  did  not  Berzelius  show 
that  fenoprussiate  of  lead  is  apt  to  carry  down 
in  iu  precipitation,  a  portion  of  nitrate  of  that 
metal, to  which  circumstance  I  ascribe  the  above 
discrepancy.  By  my  experiments,  13.3175 
grains  of  the  crystaUizea  ferroprussiate  of 
potash  afford  5.9  of  potash,  a  result  not  wide 
of  die  truth.  From  21  grains  of  ferrocyanide 
of  lead,  I  obtained  2.625  grains  of  p^xide 
of  iron,  =  1.8375  of  metaUic  iron,  while,  by 
BcneliuB,  the  quantity  of  iron  present  is  1.87, 
a  difference  <mly  in  the  second  place  of  decimals. 
But,  with  regard  to  my  products  of  igneous 
decomposition  by  peroxide  of  copper,  I  am 
satisfied  that  a  portion  of  the  azote  combined 
with  the  oxygen  of  the  peroxide,  into  a  liquid 
compound,  whence  the  gaseous  analysis  was 
vitiated.  20.75  parts  of  nitrate  of  lotd,  con. 
taining  14  of  oxide,  or  13  of  metal,  should 
yidd  by  Beneiiiis  19.625  of  ferrocyanide  of 
lead ;  hut  I  obtained  21,  no  doubt,  in  con- 
sequence  of  some  nitrate  falling  down  along 
with  it 

From  13.125  grains  of  ferroprussiate  of  pot* 
ash  I  obtained  1.09  of  water,  which  is  12.87 
per  cent  Berzdius  obtained  from  12.4  to 
12.9,  his  calculated  atomic  proportion  being 
12.67.  Had  it  oocuired  to  me  to  double  the 
above  product  1.69,  then  the  immber  3i38, 
being  as  nearly  as  possible  3  atoms  of  water 
=  3.375,  would  have  unravelled  all  the  in- 
tricacy, and  have  satisfied  me  that  the  com- 
plex  constitution  assigned  by  Berzdius  was 
the  true  one,  since  it  gave  the  fewest  integer 
atoms  of  the  constituents. 

FerroprMtiaU  of  barytes  may  be  formed  in 
the  same  way  as  the  preceding  spedes.  Its 
crystals  are  rhomboidal  prisms,  of  a  yellow 
colour,  and  soluble  in  20OO  parts  of  cold  water 
and  100  of  boiling  water. 

According  to  Berzelius  ferroprussiate  of 
iMxytes  condsts  of 

Iron  3.500    .    .      9.62 

Cyanogen  9.750  .  .  26.80 
Barium  17*500  .  .  48.11 
Water         5.625    .    .     15.47 


if  thoe  be  an  eaoeas  of  nitnte  of  lead  io  ihe 
liquid  ftota  whidi  thej  are  dcpodted.  The 
liquid  remains  perfectly  neotraL  The  pie* 
dpitate  is  white  with  a  cast  of  yeUow.  Ita 
oompodtion  is  as  follows : 

Iron  3.60    .    .      8.92 

Cyanogen     9.75    .    .    24.84 
'      '  26.00    .     .    66.24 


36.375 


100.00 


Ferr(^nu$iate  of  ttroniian  and  magnesia 
have  also  been  made. 

Ferropruttiate  of  lead  is  formed  by  pouring 
neutral  nitrate  of  lead  into  a  solution  of  ferro- 
piuasiate  of  potash,  taking  care  that  the  latter 
be  in  excess,  in  order  to  prevent  the  predpita- 
don  of  nitrate  of  lead,  which  mixes  with  all 
die  in&oluble  salts  with  base  of  oxide  of  lead, 


39.25 


loaoo 


In  its  state  of  ordinary  drynen  it  oontaina  3 
atoms  of  water. 

Ferreprustiate  of  irotu  We  have  already 
desaibed  the  method  of  making  the  feno* 
prussiate  of  potash,  which  is  the  first  step  in 
the  manufacture  of  this  beautifiil  pigment. 
This  is  usually  made  by  mixing  togethec  one 
part  of  the  ferropniasiate  of  pottsh,  one  pan 
of  copperas,  and  four  parts  of  alam,  each  pve- 
vioudy  dissolved  in  water.  Prusdan  blue, 
mixed  with  more  or  less  alumina,  piedpitateSk 
It  is  afterwards  dried  on  chalk  stcoea,  in  a 
stove. 

Pure  Prussian  blue  is  best  prepared  by 
dropping  a  aolutioa  of  ferropnissiate  of  iron 
into  a  s^ution  of  red  muriate  of  iron,  to  which 
a  slight  excess  of  add  is  previously  added. 
The  predpitate  must  be  thoroughly  washed 
and  dried.  It  retains  faygiometric  moisture  am 
strongly,  that  sulphuric  add  in  vacuo  doea 
not  detech  it 

Berzelius  found  that  a  portion  of  very  dry 
prusdan  blue,  when  lijKbted  at  the  edge,  con- 
tinued to  bum  by  itself  like  amadou^  giving  a 
vapour  which  condensed  on  a  funnd  inverted 
over  it ;  it  was  carbonate  of  ammonia.  One 
hundred  parts  of  such  prussian  blue  left  a  r&- 
sidium  of  60.14  parts  of  red  oxide  of  iroiL, 
containing  no  potash. 

When,  a  solution  of  protoxide  of  iron  is  pre. 
dpitated  by  prussiate  of  iron  and  potash,  a 
white  insoluble  compound  is  formed  which 
contains  potash,  and  which,  by  absorbing  oxy- 
gen, becomes  blue.  But  it  is  well  known 
that  a  salt  with  base  of  protoxide,  which.  ab>- 
sorbs  oxygen  without  there  being  an  increase 
of  add,  combines  with  an  excess  of  bas& 
Prussian  blue,  therefore,  which  is  prepared  by 
oxidation  of  the  white  precipitate,  cannot  be 
a  neutral  compound.  Prusdan  blue  thus 
prepared,  has  properties  whidi  it  does  notpos- 
sess  when  dif&rently  prepared.  It  is  aoiuble 
in  pure  water,  but  not  in  water  which  contains 
a  certain  quantity  of  any  neutral  salt  Thus 
there  are  evidently  two  blue  combinations  r^- 
The  one  composed  of  3  atoms  of  hydrocyanate 
of  protoxide,  and  4  atoms  of  hydrocyanate  of 
deutoxide,  in  which  the  add  and  oxygen  of 
the  second  part  is  double  that  of  the  first ;  and 
another  apparently  composed  of  1  atom  of 
hydrocyanate  of  protoxide,  and  2  atoms  of  hy- 
drocyanau  of  deutoxide. 

Ferroprussiate  ofamntonia  is  best  prepared 
by  acting  on  ferroprussiale  of  lead  with  caustic 
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The  adiiition  being  evupofnted  in 
ramo,  a  pniWenilent  nit  is  obtained.  It  is 
ftbrdrocyunte  of  protoxide  of  ikuii  combmcd 
vltti  bydrocyanate  of  ammODts. 

Pufe  ptuaaan  blue  is  a  mass  of  an  ex* 
tremcSy  deep  bbie  ooloor,  insipid,  inodorous, 
and  oonridetaUy  denser  tban  water.  Neither 
WBter  nor  akobol  bas  any  action  on  it  Boil- 
ing aohitioQS  of  potash,  eoda,  lime,  bazytes, 
and  straotitea,  deeompose  it ;  forming  on  one 
hand  solnhle  feropniaaiatcs  with  these  bases, 
and  OB  the  otfaa  a  residue  of  brown  peroxide 
of  iien,  and  a  yellowish-brown  sob-fenopras- 
siafeeofimi.  TUshnt,  by  means  of  sulphuric, 
oitiie,  or  muiiatie  adds,  is  broDght  back  to 
die  statieof  a  feriupruasiate,  by  abstracting  the 
eseeaa  of  iron  oxide.  Aqueous  chlorine 
chan^B^  the  Une  to  a  green  in  a  few  minutes, 
if  6ke  bine  be  leoently  precipitated.  Aqueous 
■alphnretted  hydrogen  reduces  the  blue  ferro- 
piuaslBte  to  the  wh&  protoferraprussiate. 

Its  igneoos  deoomposition  in  a  retort  was 
csecated  by  M .  Vauqaelin  with  minute  at- 
He  regards  it  as  a  hydrocyanate  or 
prossiate  of  iron ;  but  the  changes  he 
ibes  are  rery  eora|^ex.  The  general  re- 
sotas  of  M.  VauqueHn's  analysis  were  hydro. 
cyank  acid,  hydrocyanate  of  ammonia,  an  oil 
sohihle  in  potesh,  crystalline  needles,  which 
cBotsined  no  hydrocyanic  acid,  but  were 
metdy  carbonate  of  ammonia ;  and  finally,  a 
lieocoiiB  lesidtte  slightly  attracted  by  the  mag- 
Det,  and  containing  a  little  undeoomposed  prus- 
ainbbie. 

Phwat,  In  die  Annales  de  Chimie,  toL  Ix. 
states,  that  100  parts  of  prussian  blue,  with- 
OBt  ahnn,  yield  0.55  of  red  oxide  of  iron  by 
eonbustion ;  and  by  nitric  add,  0.54.  100 
<f  pniariate  of  potnh  and  iron,  he  further 
aa^  affiyrd,  after  digestion  with  sulphuric  or 
nitik  add»  35  parts  of  prussian  blue. 

ACID  (SULPHUROPRUSSIC);  the 
snlphmelted  ehyazic  add  of  Mil  Porrett. 

DisadTe  in  water  one  part  of  sulphuret  of 
polsaah,  and  boQ  it  for  a  considerable  time 
with  three  or  (bur  parts  of  powdered  prussian 
Une  added  at  hiterrals.  Sulphuret  of  iron 
is  fimned,  and  a  colourless  liquid  containing 
the  new  add  combined  with  potash,  mixed 
witli  hyposolphate  and  sulphate  of  ]iotash. 
Sesder  this  uquid  sensibly  sour,  by  die  ad- 
dttioD  of  sulphuric  add.  Continue  the  boiling 
lor  a  littie,  and  when  it  cools,  add  a  little  per- 
oxide of  manganese  in  fine  powder,  which 
win  give  die  liquid  a  fine  crimson  colour. 
To  the  filtered  liquid  add  a  solution  contain. 
ing  pemdphaCe  of  copper,  and  protosulphate 
of  iron,  in  the  proportion  of  two  of  the  former 
salt  to  diree  of  the  latter,  until  the  crimson 
oolaeair  disappeara.  Snlphuroprossiate  of  cop- 
per ftBa.  Boil  thts'witti  a  solution  of  potash, 
which  win  sepaiate  the  copper.  Distil  the 
Iqnid  nrized  with  sulphnric  add  in  a  glass 
mart,  nd  the  pecoliar  add  will  come  over. 


By  saturatioD  with  carbonate  of  barytea,  and 
then  throwing  down  this  by  the  equivalent 
qusntity  of  sulphuric  add,  the  sulphuroprussie 
add  is  obtained  pure. 

It  is  a  transparent  and  colourless  liquid, 
possessing  a  strong  odour,  somewhat  lesem- 
bling  acetic  add.  Its  specific  gravity  is  only 
1.02'^.  It  dissolves  a  litde  sulphur  at  a  boil- 
ing heat.  It  then  blackens  nitrate  of  silver  ; 
but  the  pure  add  throws  down  the  silver 
white.  By  reputed  ^tillatintis  sulphur  is 
separated  and  the  add  is  decotnposed.  Mr. 
Porrett,  in  die  Annals  of  Phil,  for  May  1819, 
states  the  composition  of  this  acid,  as  it  exists 
in  the  sulphuretted  chyazate  of  copper,  to 


2  atoms  sulphur,     =r  4000 
2  carbon,       =  1.508 

1  azote,  =  1.754 

1  hydrogen,  =  0.132 


7.394 


This  is  evidently  an  atom  of  the  hydrocy. 
anic  acid  of  M.  Oay  Lussac,  combined  widi 
2  of  sulphur.  If  to  the  above  we  add  9  for 
an  atom  of  protoxide  of  copper,  we  have 
16.394  for  the  prime  equivalent  of  the  me- 
tallic salt.  When  cyanogen  and  sulphuretted 
hydrogen  were  mixed  together  by  M.  Oay 
Lussac  in  his  researdies  on  the  prussie  prin- 
dple,  he  found  them  to  condense  into  yellow 
adciilar  crvstals.  Mr.  Porrett  has  since  re- 
marked, that  these  crystals  are  not  farmed 
when  the  two  gases  are  quite  dry,  but  that 
they  are  quickly  produced  if  a  drop  of  water 
is  passed  up  into  the  mixture.  He  does  not 
think  their  solution  in  water  corresponds  to 
liquid  sulphuretted  chyasdc  add ;  it  does  not 
change  the  colour  of  htmus ;  it  has  no  effect 
on  solutions  of  iron  ;  it  contains  neither  pnissic 
nor  sulphuretted  ehyazic  acid ;  yet  this  add 
is  formed  in  it  when  it  is  mixed  first  with  an 
alkali  and  then  with  an  acid.  The  same 
treatment  dots  not  form  any  pnissic  add. 

M.'  Gay  Lussac  stetes,  that  the  yellow 
needles  obtained  from  the  joint  acdon  of  cy- 
anogen and  sulphuretted  hydrogen,  are  ''  com- 
pos«i  of  one  volume  of  cyanogen,  and  1^  vo- 
lume of  sulphuretted  hydrogen." 

The  sulphuroprussiate  of  the  red  oxide  of 
iron  is  a  ddiquescent  salt,  of  a  beautiful  crim- 
son colour.  It  may  be  obtained  in  a  solid 
form  by  an  atmosphere  artifidally  dried. 

Grotthus  and  V  ogel,  by  fusing  sulphur  with 
ferroprussiate  of  potash,  dissolving,  filtering, 
and  airing,  obtained  a  substance  which  Ber- 
zelius  nas  ^own  to  be  a  sulphocyanide  of  po- 
tassium. Though  he  was  not  able  to  separate 
the  sulphocyanogen,  or  sulphuret  of  cyanogen 
ttom  the  base,  so  as  to  have  it  in  a  separate 
state,  yet  he  deduced  its  composition  from 
experiments  as  being  one  atom  of  cyanogen,! 
3.25  +  two  atoms  of  sulphur,  4  =:  7*25. 
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The  tiilpho<7anide  of  potasnum  is  com- 
posed  of  potassium  one  atom,  5  -f-  sulpho- 
cyanogen  one  atom,  7*25  =  13.25. 

Sulphuretted  hydrocyanic  add  ccmsista  of 
one  atom  of  hydrogen,  0.125  4-  one  atom  of 
Budphocyanogen  7.25  =  7*375.  On  suhsti^ 
tutmg  selenium  for  sulf^ur,  a  sdenio-cya- 
nide  of  potassium  was  formed,  perfectly  ana* 
logous  to  the  sulphocyanide. 

Professor  Zeise  of  Copenhagen  describes 
{Ann,  de  Cfu  et  Phys.  xxvi.)  a  new  acid,  and 
a  new  class  of  salts,  produced  by  mixing  in 
a  wide-mouthed  flask  16  measures  of  sulphu- 
ret  of  carbon  with  45  measures  of  alcohol, 
and  100  measures  of  alcohol  saturated  with 
ammoniacal  gas,  at  a  temperature  of  53<»  F. 
Two  sets  of  crystals  form.  The  first  are 
finished  in  an  hour  or  two,  and  have  a  feathery 
aspect  He  considers  them  to  be  hydroxan- 
thate  of  ammonia.  The  formation  of  the 
aeoond  set  of  crystals  takes  30  or  40  hours. 
These  are  distinctly  grouped  in  stars,  have 
ooDsiderable  lustre,  and  a  prismatic  form. 
They  are  hydrosulphuretted  hydrosulphoc^- 
aoate  of  ammonia.  The  flask  or  phial  should 
be  well  closed  with  a  ground  stopper  during 
^e  formation  of  these  crystals,  which  are 
usually  of  a  bright  yellow  colour.  The  salts 
of  peroxide  of  copper  produce,  in  the  solution 
of  that  salt  in  water,  a  yellow  flooculent  Dre.> 
dpitate.  This  seems  to  be  a  compouna  of 
ordinary  hydrosulphocyanic  add  with  bisul- 
phuret  of  copper.  On  dissolving  1  part  of 
hydrosulphuretted  hydrosulphocyanate  of  am. 
monia  in  about  180  of  water,  adding  sul- 
phuric  or  muriatic  adds  diluted  with  16  parts 
of  water,  till  there  be  an  add  excess,  and 
then  dropping  into  this  mixture,  in  successive 
small  portions,  a  solution  of  red  oxide  of  iron 
in  sulphuric  or  muriatic  acid,  the  liquid  be- 
comes  a  little  dark  and  muddy,  but  it  soon 
brightens  up,  with  the  formation  in  great 
abundance  of  crystalline  white  scales,  wnich 
rapidly  settie  to  the  bottom.  These  crystals 
are  to  be  taken  out,  and  dried  by  pressure 
between  folds  of  flltering  paper.  This  matter 
contains  no  iron ;  but  is  a  peculiar  compound 
of  sulphur,  carbon,  azote,  and  hydrogen,  to 
which  M.  Zeise  gives  the  name  of  crystalline 
hydrosulphuret  of  cyanogen,  composed  pro- 
bably  of  1  atom  of  azote,  2  of  carbon,  4  of 
sulphur,  and  2  of  hydrogcOi — Hydrosulphu- 
retted hydrosulphocyanate  of  ammonia  is  re- 
presented as  containing  1  atom  ammonia,  2.125, 
1  hydrosulphocyanic  acid,  7.375,  and  1  sul- 
phuretted  hydrogen  2.125  =  11.625. 

ACID  (PURPURIC).  The  excrements 
of  the  serpent  Boa  Ccnttrictor  consist  of  pure 
lithtc  add.  Dr.  Prout  found  that  on  digest- 
ing this  substance  thus  obtained,  or  from  uri- 
nary odculi,  in  dilute  nitric  add,  an  effer- 
vescence takes  place,  and  the  lithic  add  is 
dissolved,  formmg  a  beautiful  purple  liouid. 
The  excess  of  nitric  add  being  neutralized 


with  ammonia,  and  the  whole  coneemnited  by 
slow  evaporation,  the  colour  of  the  solutioa 
becomes  of  a  deeper  purple ;  and  dark  red 
granular  crystals,  sometimes  of  a  greenish  hue 
externally,  soon  beffin  to  separate  in  abund- 
ance. These  crystau  are  a  compound  of  am- 
monia with  the  add  prindple  in  questioD. 
The  ammonia  was  displaced  by  digesting  the 
salt  in  a  solution  of  caustic  potash,  till  tlu  red 
cdour  entirely  disappeared.  This  alkaline 
solution  was  then  gradually  dropped  into  di* 
lute  sulphuric  add,  which,  uniting  with  the 
potash,  left  the  acid  prindple  in  a  state  of 
purity. 

This  add  prindple  is  likewise  produced 
ftom  lithic  add  by  chlorine,  and  also,  but 
with  more  difficulty,  by  iodine.  Dr.  F^out, 
the  discoverer  of  this  new  add,  has,  at  the 
suggestioii  of  Dr.  Wollaston,  called  it  pur- 
puric  add,  because  its  saline  compounds  have 
tor  the  most  part  a  red  or  purple  odour. 

This  acid,  as  obtained  by  the  preceding 
process,  usually  exists  in  the  form  of  a  very 
fine  powder,  of  a  slightly  yellowish  or  < 


colour;  and  when  examined  with  a  magnifier, 
especially  under  water,  appears  to  possess  a 
pearly  lustre.  It  has  no  smell,  nor  taster  Its 
spec.  orav.  is  considerably  above  water.  It  is 
scarody  soluble  in  water.  One-tcnth  of  a 
grain,  boiled  for  a  considerable  time  in  1000 
grains  of  water,  was  not  entirely  diisolved. 
The  water,  however,  assumed  a  purple  tint, 
probably.  Dr.  Prout  thinks,  from  the  foimm. 
tion  of  a  little  purpurate  of  ammonia.  Pur- 
puric add  is  insoluble  in  alcohol  and  etber. 
The  mineral  adds  dissolve  it  only  when  they 
are  concentrated.  It  does  not  affect  litmus 
paper.  By  igniting  it  in  oontsct  with  oxide 
of  copper,  he  determined  its  composition  to  be, 
2  atoms  hydrogen,  0.250         -  4.54 

2  carbon,       1.500         -         27*27 

2  oxygen,      2.000         -         36.36 

1  azote,         1.750         -         31.81 

5.50  99.98 

Purpuric  add  combines  with  the  alkalis,  al- 
kaline earths,  and  metallic  oxides.  It  is  ca- 
pable of  expdling  carbonic  add  from  the  al- 
kaline carbonates  by  the  assistance  of  heat,  and 
does  not  combine  with  any  other  add.  These 
are  circumstances  suflkient,  as  Dr.  WoUoaton 
observed,  to  distinguish  it  from  an  oxide,  and 
to  establish  its  chwacter  as  an  add. 

Purpurate  of  ammonia  crystallises  in  qua- 
drangular prisms,  of  a  deep  garnet-red  colour. 
It  is  soluble  in  1500  parts  of  water  at  60°,  and 
in  mudi  less  at  the  boiling  temperature.  The 
solution  is  of  a  beautiful  deep  carmine,  or  rose- 
red  colour.  It  has  a  slightiy  sweetish  taste, 
but  no  smell.  Purpurate  of  potash  is  much 
more  sohible ;  that  of  soda  is  less ;  that  of 
lime  is  nearly  insoluble:  those  of  strontian 
and  Ihne  are  slighdy  soluble.  All  the  solu- 
tions have  the  characteristic  colour.  Purpurate 
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I  Toy  coluble;  and  in  solnticR], 
of  &  Toy  bcaatiAil  colour.  A  solntion  of 
Mctste  of  zinc  piodaees  with  purpurate  of 
ammoDia  a  sbLutian  and  precipitate  of  a  beau- 
tifol  gpld-yellow  eobar;  and  a  m09t  brilliant 
irideaccBt  pcllif^  in  which  green  and  yellov 
predominate,  forms  on  the  sur&ce  of  die  so- 
lution. Dr.  Prout  conceiyes  the  salts  to  be 
anhydrous,  or  void  of  water,  and  composed  of 
two  aloois  of  add  and  one  of  base.  The  par* 
paric  add  and  its  compoQnds  probably  con- 
stitDte  the  bases  of  many  animal  and  yegetable 
eoihun.  The  veil  known  pink  segment 
whzdi  generally  appears  in  the  urine  of  those 
Isboniing  under  febrile  affections  appears  to 
owe  its  eokrar  dnefly  to  the  purpurate  of  am- 
monia, and  perhaps  occasionally  to  the  par- 
puTate  of  nda. 

The  sohitkn  of  lithic  add  in  nitric  add 
stains  die  ddn  of  a  permanent  colour,  which 
becomes  of  a  deep  purple  on  exposure  to  the 
son.  These  apparently  sound  experimental 
dediictioos  of  Dt,  Prout  have  been  called  in 
qaestioo  by  M.  Vauqudin ;  but  Dr.  Prout 
ascribes  M.  Vanqueltn*s  fidlure  in  attempt- 
isg  to  procure  purpuric  add,  to  his  havmg 
operated  on  an  impure  lithic  add.  I  think 
eodxe  confidence  may  be  put  in  Dr.  Prout's 
cxpeiiineuts.  He  says  that  it  is  difficult  to 
obtain  purporic  add  from  the  lithic  add  of 
SBnary  €oaQxi6om.^PhiL  Trtau.  far  1818, 
iatf  AmmOs  ofPML  voixir. 

ACID  (PYROCTTRIC)  When  dtric 
add  is  pat  to  distil  in  a  retort,  it  begins  at  first 
by  mdting  ;  the  water  of  crystallization  sepa- 
ntes  almost  entirely  from  it  by  a  oontmuanoe 
sf  the  fusion,  then  it  assumes  a  yeDowish  tint, 
vhidi  graduislly  deepens.  At  the  same  time 
Aeve  is  diseng^ed  a  white  vapour  which  goes 
ever,  to  be  comlensed  in  the  reed  ver.  Towards 
the  end  of  the  calcination  a  brownish  vapour 
is  seen  to  form,  and  there  remains  in  the  hot- 
torn  of  the  retort  a  light  very  brilliant  char- 
eoaL 

The  product  contained  in  the  recdver  con- 
lists  of  two  different  liquids.  One,  of  an 
amber-ydlow  colour,  and  an  oUy  aspect,  oc- 
capics  the  lower  part ;  another,  colourless  and 
liquid  Uke  water,  of  a  very  dedded  acid  taste, 
nsts  above.  After  separating  them  from  one 
snodier,  we  percdve  that  the  first  has  a  very 
strong  bituminous  odour,  and  an  add  and  acrid 
taste ;  that  it  reddens  powerfully  the  tincture 
of  litmus,  bnt  that  it  may  be  deprived  almost 
cntirdy  of  that  acidity  by  agitation  with  water, 
in  whidi  it  divides  itself  into  globules,  which 
sooD  faQ  to  the  bottom  of  the  vessel,  and  are 
not  kng  in  uniting  into  one  mass,  in  the  man- 
ner of  oils  heavier  than  water. 

In  this  tute  it  possesses  some  of  the  pro- 
perties of  these  substances ;  it  is  soluble  in 
akoboL,  ether,  and  the  caustic  alkalis.  How- 
ever,  it  does  not  long  continue  thus;  it  be- 
comes add,  and  someomes  even  it  is  observed 
to  deposit,  at  the  end  of  some  days,  white 


crystals,  wfaidi  have  a  very  strong  acidity ;  if 
we  then  agitate  it  anew  widi  water,  it  dissolves 
hi  a  great  measure^  snd  abandons  a  yellow  or 
brownish  pitchy  matter,  of  a  very  obvious 
empyreumatic  smell,  and  whidi  has  mudi 
analogy  with  the  oil  obtained  in  die  distillation 
of  other  vegeUble  matters.  The  same  eff*ect 
thka  place  when  we  keep  it  under  water ;  it 
diminishes  gradually  in  volume,  the  water  ac^ 
quires  a  sour  taste,  and  a  thick  oil  remams  at 
the  bottom  of  the  vesseL 
.  This  liquid  may  be  regarded  as  a  oombina- 
iSon  (of  little  permanence  indeed)  of  the  pe< 
culiar  add  with  the  oil  formed  in  simUar 
circumstances. 

As  to  the  liquid  and  colourless  portion 
which  fioated  over  this  oil,  it  was  ascertained 
to  contain  no  citric  add  carried  over^  not 
acetic  add;  first,  because  on  saturating  it 
with  carbonate  of  lime,  a  soluble  calcareous 
salt  was  obtamed ;  and,  secondly,  because  this 
salt,  treats  with  sulphuric  add,  evolved  no 
odour  of  atetic  add. 

From  this  calcareous  salt  the  lime  was  se- 
parated by  oxdic  add;  or  die  salt  itself  was 
decomposed  with  acetate  of  lead,  and  the  pie- 
dpitate  treated  with  sulphuretted  hydrogen. 
By  these  two  processes,  this  new  add  was 
separated  in  a  state  of  purity. 

Properties  of  tfte  pyrodtrie  add. — ^This 
add  is  white,  inodorous,  of  a  strongly  add 
taste.  It  is  difiScult  to  make  it  crystallize  in 
a  regular  maniier,  but  it  is  usually  presented 
in  a  white  mass,  formed  by  the  interlacement 
of  very  fine  small  needles.  Projected  on  a 
hot  body  it  mdts,  is  converted  into  white  very 
pungent  vapours,  and  leaves  some  traces  of 
carbon.  When  heated  ih  a  retort,  it  affords 
an  oily-looking  add,  and  yellowish  liquid, 
and  is  partially  decomposed.  It  is  very  soluble 
in  water  and  in  alcohol ;  water  at  the  tem- 
perature of  10<>  ^•J?^*'  ^•)  dissolves  one-third 
of  ito  wdght.  The  watery  solution  has  a 
strongly  acid  taste,  it  does  not  predpitate 
Hme  or  barytes  water,  nor  the  greater  part  of 
metallic  solutions,  with  the  exception  of  ace 
tate  of  lead  and  protonltrate  of  mercury.  With 
the  oxides  it  forms  salts  possessing  properties 
difiTerent  from  the  citrates. 

The  pyrodtrate  of  potash  crystallizes  in 
small  needles,  which  are  white,  and  unalter- 
able in  the  air.  It  dissolves  in  about  4  parts 
of  water.  Its  solution  gives  no  predpitate 
with  the  nitrate  of  silver,  or  of  barytes ;  whilst 
that  of  the  dtrate  of  barytes  forms  predpitates 
with  these  salts. 

The  pyrodtrate  of  lime  directly  formed,  ex- 
hibits a  white  crystalline  mass,  composed  of 
needles,  opposed  to  cadi  other,  in  a  ramifica- 
tion form.  This  salt  has  a  sharp  taste.  It 
dissolves  in  25  parts  of  water  at  60**  Fahr. 
It  contains  ^per  cent,  of  water  of  crystalli- 
zation ;  and  is  composed,  in  its  dry  state,  of 
Pyrodtric  add,  34 

Lime,  86 
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Tke  iolttUoa  of  khevpodliie  add  aatnntted. 
viditMrytes  water  lets  nil,  at  the  cod  of  some 
boon,  a  very  white  crystaUine  powder,  which 
ia  pyrodtrate  of  barytee.  This  salt  is  soluble 
in  160  parU  of  cold  water,  and  in  60  of 
boiling  water.  Two  grammes  of  this  salt  do- 
eompMed  by  sulphuric  add*  iumished  1.7  of 
aolpoate  of  bary  tee,  which  gives  for  its  com- 


Pyrodtric  add, 
Barytes, 


43.9 
66.1 


The  pyrodtrate  of  lead  Is  easily  obtained 
by  pouring  pyrodtrate  of  potash  into  a  solu.* 
turn  of  acetate  of  lead.  The  pyrodtrate  of 
lead  presents  itself  under  the  form  of  a  white 
gdatmous  semitransparent  mass,  which  be- 
comes dry  in  the  air,  shrinking  like  sdatinotts 
^Ji^minaj  fo  which,  in  its  physical  ^aracters, 
it  has  much  analogy.  It  contains  8  per  cenU 
of  irater,  and  is  formed  of 

Pyrocitric  add,         33.4 
Protoxide  of  lead,      66.6 

Knowing  the  oonpodtion  of  pyrodtrate  of 
lead,  it  was  cmployea,  by  ignition  with  onde 
of  copper,  to  deteimine  that  of  the  add  itself, 
whidi  is  stated  as  bdng 

Carbon,  47U» 

iyxy^jBUt  43Ji 

Hydrogen^  9.0 

100.0 

The  proportion  of  the  elements  of  this  acid 
Is  yery  diifoeDt  then  from  that  which  MM. 
Gay  Lussac,  Thenard,  and  Benelius  have 
fbund  for  dtric  add.  But  what  is  remark- 
able, says  M.  Lassaigne,'it8  capadty  for  satu- 
ration is  nearly  die  same  as  diat  of  dtric  add, 
as  we  may  see  by  casting  our  eyes  on  the 
analyses  of  the  pyrodtiates  of  lime,  baiytes, 
and  lead,  which  we  have  given,  and  which  we 
have  convinced  oursdves  of  by  frequent  vcri^ 
ficatioo.  Nevertheless,  in  the  combination  of 
this  new  add,  the  ratio  of  the  oxjrgen  d  the 
oxide  to  the  oxygen  of  the  add  is  in  a  dif. 
fSerent  proportion  from  that  admitted  for  the 
neutral  dtrates :  we  observe  that  in  the  pvvo- 
dtrates  the  oxygm  of  the  base  is  to  that  or  the 
add  as  1  to  3.07;  whilst  in  the  citrates  it  is 
as  1  to  4.916. 

The  author  seems  here  to  have  miscalculated 
stxangdy.  Taking  his  analysis  of  pyrodtrate 
of  Ihne  and  of  pyiodtric  add,  we  have 

34  add,  which  contain  14.6  of  oxygen, 

66  Ihne^  -  18.6  of  oxvgen ; 

so  that  the  oxygen  of  the  base  is  to  that  of  the 
add  as  1  to  a786,  histead  of  1  to  3.07. 

In  fact,  the  pyrodtrate  of  lime  result  makes 
the  atom  of  add,  referred  to  Dr.  Wollaston*s 
icale,  to  be  18.3 ;  that  for  pyrodtrate  of  ba- 
rytes  makes  it  7&6,  and  that  for  pyrodtrate  of 
lead,  70.  The  only  supoosition  we  can  form 
is,  Uiat  the  numbers  for  the  calcareous  salt  are 


inverted  in  the  Jaurmai  de  J^harmaeie^  and 

that  they  ought  to  be, 

Pyrodtric  add,  66 

iJme,  34 

In  this  case  the  atom  comes  out  60.0 ;  a 

tolerable  accordance  with  the  above.     Wen 

the  equivalent  of  the  add  66^26^  then  it  mi^t 

consist  of 

Csrbon,  4  atoms  =  3a00  4I».27 
Oxygen,  3  -  =  30.00  46.27 
Hydrogen,  6     -       =    &26  9.46 


6a26      lOOLOa 

ACID  (PVROLIGNOUS).  In  the  dcu 
structive  distillation  of  sny  kind  of  wood,  aa 
add  is  obtained,  which  was  fonneriy  called 
acid  gpirit  of  wood,  and  since,  pyrolioDoua 
add.  Fourcroy  and  Vaaquelin  showed  that 
this  add  was  merdy  the  acetic,  contaminated 
with  empyreumatic  oil  and  bitumen.  See 
Acetic  Acid. 

Under  acetic  acid  will  be  found  a  AiII  ac« 
count  of  the  production  and  puzificadoii  of 
pyrolignous  add.      M.  Monge   discovered^ 
about  five  years  ago,  that  this  add  has  the 
property  of  preventing  the  deeompontion  of 
animal  substsnces.    But  I  have  lately  learned 
that  Mr.  William  Dinsdale,  of  Field  CoUage,. 
Cddiester,  three  years  prior  to  the  date  of  M» 
Monge's  discovery,  did  propose  to  the  Iioida 
Commissioners  of  the  Adnoiralty,  to  apply  a 
pyiolignoas  add,  (prepared  oat  <^  the  contact 
of  uon  vettsels,  whidi  bhicken  it),  to  the  purpose 
of  preserving  animal  food,  wherever  tbdr  ships 
might  go.    As  this  appUcatioo  may  in  many 
cases  uTord  valuable  anti-scorbutic  artidea  oC 
food,  and  thence  be  eminendy  condudve  to 
the  health  of  seamen,  it  is  to  be  hoped  that 
their    lordships   will,    ere  long,  carry    inta 
effect  Mr.  Dinsdale*8  ingenious  plan,  as  far  as 
shall  be  deemed  necessary.    It  is  suffident  to 
plunge  meat  for  a  few  moments  into  this  add» 
even  slightly  empyreumatic,  to  preserve  it  aa 
lonff  as  you  plnse.    '^  Putrefaction,"  it  is 
said*  ^*  not  only  stops,  but  retrogrades."    To 
the  empyreumatic  oil  a  part  of  this  efiect  has 
been  ascribed ;  and  hence  has  been  accounted 
for,  the  agency  of  smoke  in  the  preservation 
of  tongues,  hams,  herrings,  &x.    Dr.  Jocg  of 
Ldpsic  has  entirely  recovered  several  an^ 
tomical  preparations  from  incipient  corrup- 
tion by  pouring  this  add  over  them.    With 
the  empyreumatic  oil  or  tar  he  has  smeaied 
pieces  of  fiesh  already  advanced  in  decay,  and 
notwithstanding   that  the  weather  was  hot, 
they  soon  became  dry  and  sound.    To  the 
above  statements  Mr.  Ramsay  of  Glasgow,  an 
eminent  manufacturer  of  pyrolignous  sdc^ 
and  well  known  for  the  purity  of  his  vijic|;ar 
from  wood,  has  recently  added  the  followu^ 
facts  in  the  5th  number  of  the  Edinburgh 
Philosophical  JoumaL      If  fish  be  simply 
dipped  in  redistilled  pjrrolignous  add,  of  the 
specific  gravity  1.012,  and  af^wards  dried  in 
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tlkesbide,  they  ipesenre  perfectly  wdL  On  boiU 
big  hentfaigK  treated  in  this  maimer,  they  were 
toy  BgKC&le  to  the  taste,  and  had  nothing 
of  die  dna^eeable  empyieoma  which  those 
of  lus  caztiet  expcnmenta  had,  which  were 
Meeped  for  tfaiee  honxs  in  the  add.  A  nnm- 
ber  of  ^ery  fine  haddocka  were  deaoed,  split, 
and  sli^dy  aprinkled  with  salt  for  six  hours. 
After  being  drained,  they  woe  dipped  for 
aboat  duee  aeeonds  in  pyrohgnoua  add,  then 
hong  np  in  the  shade  for  six  dajrs.  On  being 
broiled,  the  Bsh  were  of  an  uncommonly  fine 
flanmr,  and  delicately  white.  Beef  treated  in 
the  same  way  had  the  same  flavour  as  Ham- 
boi]^  beef,  and  kept  as  wdL  Mr.  Ramsay 
hsa  sinoe  fbond,  that  his  perfectly  purified 
Tinegar,  apedfie  gravity  1.094,  beu^  applied 
by  a  doch  or  sponge  to  the  surikce  of  fresh 
meat,  makea  it  beep  sweet  and  sound  for  se- 
veral days  longer  in  summer  than  it  otherwise 
voald.  Immosion  for  a  minute  in  his  purified 
eooamoo  vinegar,  spedfic  gravity  1.009,  pro- 
tects btef  and  fish  from  idL  taint  in  summer, 
mwrided  they  be  hong  up  and  dried  in  the  shade. 
When,  by  frequent  use,  the  pyroligoous  add 
hss  boDome  impure,  it  may  be  darified  by 
beadng  up  twenty  gallons  of  it  with  a  dosen 
of  eggs  in  the  usual  manner,  and  heating  the 
auxtore  in  an  iron  boiler.  Before  boiling, 
tbe  eggs  coagulate,  and  bring  the  impurities 
to  the  surfiwe  of  the  boikr,  which  are  or  course 
to  becBieftilly  skimmed  oS,  The  add  must 
be  immediately  withdrawn  from  tbe  boiler,  as 

ACID  (PYROLITHIC).  When  uric 
arid  amactiona  are  distilled  in  a  retort,  silvery 
white  plates  sublime.  These  are  pyrollthate 
of  ammonia.  When  their  solution  is  poured 
■so  that  of  snbaoetate  of  lead,  a  pyrollthate 
of  lead  &Ils,  which,  after  proper  washlno,  is 
to  be  shaken  widi  water,  and  decomposed  by 
sdpfainetted  hydrogen  gas.  The  superna- 
tast  Hnoid  is  now  a  sSution  of  pyroUthic 
add,  wudi  yidds  small  adcolar  crystals  by 
evaporation.  By  heat,  these  mdt  and  su- 
blime in  while  needles.  They  sre  soluble  in 
fear  parts  of  cold  water,  and  the  solution 
reddens  vegetsble  blues.  Boiling  aloohd 
dissolves  the  add,  but  on  cooling  it  deposits 
it,  in  small  white  grains.  Nitnc  add  dis- 
sslvea  without  dangms  it  Hence,  pyro- 
fithic  is  a  diffbrent  add  from  the  lithic,  wmdi, 
by  nitric  add,  is  convertible  into  purpurate 
of  ammonia.  Tbe  pyroHthate  of  Ume  oys- 
taOiaes  in  stalactites,  which  have  a  bitter  and 
ilig^dy  acrid  taste.  It  consists  of  91.4  add 
+  Bj6  lime*  Pyrdithate  of  barytcs  is  a  neariy 
nsolnble  powder.  The  salU  of  potash,  soda, 
and  ammonia,  are  soluble,  and  the  former 
two  aystalKCTMe,  At  a  red  heat,  and  by 
paasiag  it  over  ignited  oxide  of  copper,  it  is 
dccompused,  into  oxygen  44.32»  carbon  2&29, 
aaote  16J4,  hydrogen  10. 

ACID  (PVBOMALIC).  When  malic 
ff  sodnc  acid,  lor  they  are  the  same*  is  dis* 


tiOed  in  a  retort,  an  add  sublhiurt%  in  white 
needles,  ^ipears  in  the  neck  of  the  letort,  and 
an  add  liquid  distils  into  the  lecdver.  This 
liquid,  by  evapoiaticm,  affinds  crystals,  con- 
stituting a  peculiar  add,  to  whidi  the  above 
name  has  been  given. 

They  sre  permanent  in  the  air,  melt  at 
118^  Fahr.,  and  on  cooling  form  •  pead- 
coloured  mass  of  diverging  needles.  When 
thrown  on  red-hot  coals,  they  eompletdy 
evaporate  in  an  acrid,  cough-exdting  smoke. 
Exposed  to  a  strong  heat  in  a  retort,  they  are 
partly  sublimed  in  needles,  and  are  partly  de- 
composed. They  are  very  sduble  m  strong 
alcohol,  and  in  double  thdr  we^t  of  water, 
at  the  ordinary  temnerature.  The  solution 
reddens  vegetable  blues,  and  yidds  white 
flooculent  predpitates  with  acetate  of  lead 
and  nitrate  of  mercury;  but  produces  no  pre- 
cipitate with  lime  water.  By  mixing  it  with 
barytes  wata,  a  white  powder  falls,  which 
is  redissdved  by  dilution  with  water,  after 
which,  by  gentle  eviqunation,  the  pyromalata 
of  barytes  may  be  obtained  in  olvery  plates. 
These  consist  of  100  add,  and  186.143 
barytes,  or  in  prime  equivalents,  of  5.26  + 
9.75. 

Pyramalate  of  potash  may  be  obtahied 
in  feathcr-lbrmed  crystals,  which  deliquesce. 
Pyromalate  of  lead  forms  first  a  white  floccu- 
lent  predpitate,  soon  pasdng  into  a  semi, 
transparent  jelly,  which,  by  dilution  and  fil- 
tration from  the  water,  yidds  brilliant  pearly- 
looking  needles.  The  white  crystals,  that 
sublime  in  the  original  distillation,  are  con- 
sidered by  M.  Lassaigne  as  a  peculiar  add. 

ACID  (PYROMUCIC).  This  .add,  dis- 
covered m  1818  by  M.  Hooton  Labillardidre, 
is  one  of  tbe  products  of  the  distillation  of 
mudc  add.  When  we  wish  to  procure  ity 
the  operation  must  be  performed  in  a  glass 
retort  furnished  with  a  recdver.  The  add  ia 
formed  in  die  brown  Hquid,  whidi  is  pro- 
duced along  with  it,  and  which  contains 
water,  acetic  add,  and  empyreumatic  oil;  a 
very  small  quantity  of  the  nyromudc  add 
remaining  attached  to  the  vault  of  the  retort, 
under  the  form  of  crystals.  These  crystals 
bdng  coloured  are  added  to  the  brown  li- 
quor, which  is  then  diluted  with  3  or  4  times 
its  quantity  of  water,  in  order  to  throw  down 
a  certain  portion  of  oiL  The  whole  is  next 
filtered,  and  evaporated  to  a  suitable  degree. 
A  great  deal  of  acetic  add  Is  volatilised,  and 
then  the  new  add  crystallises.  On  decant- 
ing the  mother  waters,  and  concentrating 
tlicm  fiurther,  they  yidd  crystals  anew ;  but 
as  these  are  small  and  ydlowisb,  it  is  neces- 
sary to  make  them  nndogo  a  second  distiUa- 
tion  to  render  them  susceptible  of  bdng  per- 
fectly purified  by  crystallization.  160  parts 
of  mudc  add  nirnisb  about  00  of  brown 
liquor,  from  which  we  can  obtain  8  to  10  of 
pure  pyromudc  add. 

This  add  is  white,  inodorous,  Uf  a  strongly 
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add  tastei  and  a  decided  action  on  litmus. 
Exposed  to  heat  in  a  retort  it  melts  at  the 
temperature  of  266°  F.,  then  volatilizes,  and 
condenses  into  a  liquid,  which  passes  on  cool- 
ing into  a  crystalline  mass,  covered  with  very 
fiiK  needles.  It  leaves  very  slight  traces  of 
residuum  in  the  l)ottom  of  the  retort. 

On  burning  coals,  it  instantly  diffuses 
white  pun^^t  vapours.  Air  has  no  acUon 
on  it  Water  at  60°  dissolves  ^  of  its 
weight.  Boiling  water  dissolves  it  much 
more  abundantly,  and  on  cooling  abandons 
a  portion  of  it,  in  small  elongated  plates, 
whidi  cross  in  every  direction. 

Subacetate  of  lead  is  the  only  salt  of  whose 
oxide  it  throws  down  a  portion. 

It  consists  hi  100  parts  of 

Carbon,  52.118 

Oxygen,  45.806 

Hydrogen,        2.111 

This  acid  unites  readily  to  the  salifiable 
bases,  and  forms. 

With  poiaihy  a  salt  very  soluble  in  water 
and  alcohol,  deliquescent,  and  which,  evapo- 
rated to  a  pellicle,  congeals  into  a  granular 


With  toda^  a  salt  less  deliquescent  and  less 
soluble  in  water  and  alcohol  than  the  pre- 
ceding; but  which  crystallizes  with  difficulty; 

With  baryiesy  strontian,  and  lime^  salts 
soluble  in  water,  and  a  little  more  so  in  hot 
than  in  cold,  insoluble  in  alcohol,  and  easUy 
obtained  in  crystals,  which  are  permanent  in 
the  air; 

WWi  ammonUif  a  salt  soluble  in  water, 
which,  by  evaporation  of  the  liquid,  loses  a 
portion  of  ito  base,  becomes  acid,  and  then 
crystallizes  with  facility ; 

With  protoxide  of  lead,  a  neutral  soluble 
salt,  which  possesses  remarkable  properties. 
This  salt  is  obtained  by  putting  liquid  pyro- 
mucic  acid  in  contact  with  moist  carbonate 
of  lead.  When  we  evaporate  the  solution, 
the  salt  collects  at  the  surface  in  transparent 
liquid  globules,  of  a  brownish  colour,  and 
an  oily  aspect;  which  a  little  afler  thev  are 
removed  assume  the  softness  and  toughness 
of  pitch,  and  finally  become  solid,  opaque,  and 
whitish.  This  property  bebngs  also  to  sue 
dnate  of  lead. 

The  alkaline  pyromucates  occasion  scarcely 
any  turbidity  in  the  solutions  of  the  metallic 
salts,  if  we  except  those  of  the  peroxide  of 
iron,  of  the  peroxide  of  mercury,  the  sub- 
acetate  of  lead,  and  the  protonitrate  of  tin. 
The  deposit  formed  in  the  salts  of  iron  is  a 
yellow  similar  to  that  of  turbtth  mineral. 

In  all  the  salts  in  the  neutral  states  the 
quantity  of  oxygen  in  the  oxide  is  to  the 
quantity  in  the  acid  as  1  to  13,  which  num. 
ber  thc^ove  represents  the  equivalent  weight 
of  pyromucic  add.— y^fifiaEp#  de  Chim,  et  dc 
Phyt.  ix.  365. 


ACID    (PYROTARTARICj.     Into    a 

coated  glass  retort  introduce  tartar,  or  rather 
tartaric  add,  till  it  is  half  full,  and  fit  to  it  a 
tubulated  recdver.  Apply  heat,  which  ia  to 
be  gradually  raised  to  i^dness.  Pyrotartaric 
add  of  a  brown  colour,  irom  impurity,  is 
found  in  the  liquid  products.  We  must  filter 
these  through  paper  previously  wetted,  to  se- 
parate the  oily  matter.  Saturate  the  liquid 
with  carbonate  of  potash ;  evaporate  to  dry- 
ness; redissolve,  and  filter  through  dean 
moistened  paper.  By  repeating  this  process 
of  evaporation,  solution,  and  filtration,  several 
times,  we  succeed  in  separating  all  the  oD. 
The  dry  salt  is  then  to  be  treated  in  a  glass 
retort,  at  a  moderate  heat,  with  dilute  sul- 
phuric add.  There  passes  over  into  the  re- 
cdver, first  of  all  a  liquor  containing  evi- 
dently acetic  acid ;  but  towards  the  end  of 
the  distillation,  there  is  condensed,  in  the 
vault  of  the  retort,  a  white  and  foliated 
sublimate,  which  is  the  pyrotartaric  acid,  per- 
fectly pure. 

It  has  a  very  sour  taste,  and  reddens 
powerfully  the  tincture  of  \umsole.  Heated 
in  an  open  vessd,  the  acid  rises  in  a  white 
smoke,  without  leaving  the  charcoaly  resi- 
duum which  is  left  in  a  retort.  It  is  very 
soluble  in  water,  from  which  it  is  separated 
in  crystals  by  spontaneous  evaporation.  The 
bases  combine  with  it,  forming  pyrotaitrates, 
of  which  those  of  potash,  soda,  anomonia, 
barytes,  strontites,  and  lime,  are  very  soluble. 
That  of  potash  is  deliquescent,  soluble  in  al- 
cohol, capable  of  crystallizing  in  plates,  like 
the  acetate  of  potash.  This  pjriotartrate 
predpitates  both  acetate  of  lead  and  nitiale  of 
mercury,  whilst  the  acid  itself  predpitates 
only  the  latter.  Rose  is  the  discoverer  of  this 
acid,  which  was  formerly  confounded  with  the 
acetic. 

ACID  (ROSASIC).  There  is  deposited 
from  the  urine  of  persons  labouring  under 
intermittent  and  nervous  fevers,  a  sediment 
of  a  rose  colour,  occasionally  in  reddish  crys- 
tals. This  was  first  discovered  to  be  a  pecu- 
liar add  by  M.  Proust,  and  afterwards  ex- 
amined by  M.  Vauqudin.  This  add  is  solid, 
of  a  livdy  cinnabar  hue,  without  smell,  with 
a  fiunt  taste,  but  reddening  litmus  very  sen- 
sibly. On  burning  coal  it  is  decomposed 
into  a  pungent  vapour,  which  has  not  the 
odour  01  burning  animal  matter.  It  ia  very 
soluble  in  water,  and  it  even  softens  in  the 
air.  It  is  soluble  in  alcohol  It  forms  adu- 
ble  salts  with  potash,  soda,  anunonia,  barytes, 
stzontitea,  and  lime.  It  gives  a  slight  rose- 
coloured  predpitote  with  acetate  of  kad.  It 
also  combines  with  lithic  add,  fbmiin^  so  in- 
timate a  union,  that  the  lithic  add  in  pred- 
pitating  from  urine  cauies  tlie  other,  though 
a  deliquescent  substance,  down  along  with  it. 
It  is  obtained  pure  by  acting  on  the  sedi- 
ment of  uiine  with  alcohol  See  Acid  (PuB^ 
PvaiC') 
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ACID  (SACIiACTIC).  See  Acid  (Mn- 
cic). 

ACID  (SEBACIC).  Subject  to  a  con- 
adcEaUe  heat  7or  8  pounds  of  hog's  lard,  in 
a  atonewaie  TeC<»t  capable  of  holdh)g  doable 
die  qontity,  and  connect  its  beak  by  an 
adfl^^ier  with  a  eooled  receiTer.  The  oon. 
dennble  products  aie  diie67  fkt,  altered  by 
the  fire,  mixed  with  a  little  acetic  and  sebacic 
■ddb  Treat  this  product  with  boiling  water 
sercfal  times,  agitating  the  liquor,  allowing  it 
to  eool,  and  decanting  each  time.  Pour  at 
last  into  the  watery  liquid,  solution  of  acetate 
of  lead  in  ezocH.  A  idiite  floccolent  pred- 
picate  of  sdiate  of  lead  will  instantly  fiOl, 
which  moat  be  collected  on  a  filter,  washed 
and  dried.  Put  the  sebate  of  lead  into  a 
phial,  and  poor  upon  it  its  own  weight  of 
sulphuric  aad,  diluted  with  fire  or  six  times 
its  weight  of  water.  Expose  thia  phial  to  a 
heat  of  about  212°.  The  sulphuric  add 
coaibiaes  with  the  oxide  of  lead,  and  sets  the 
aebacic  add  at  liberty.  Filter  the  whole 
while  hot.  As  the  liquid  cools,  the  sebadc 
add  crystaUixes,  which  must  be  washed,  to 
fiee  it  completely  from  the  adhering  solphuxic 
add.    Let  it  be  then  dried  at  a  gentle  heat. 

The  sebadc  add  is  inodorous ;  its  taste  is 
dBgfat,  but  it  perceptibly  reddens  litmus  pa- 
per;  its  ^lecific  gravity  is  above  that  of  water, 
aod  its  crystals  are  small  white  needles  of 
little  ooherenoe.  Exposed  to  heat,  it  melts 
ike  iat,  is  decomposed,  and  partially  evapo- 
med.  The  air  has  no  efiect  upon  it.  It  is 
Bncfa  more  sohible  in  hot  than  in  cold  water ; 
kflwe  boiling  water  saturated  with  it  assumes 
s  nearly  solid  consistence  on  cooling.  Alco- 
bd  dissolvte  it  abundantly  at  the  ordinaiy 
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the  alkalis  it  forms  soluble  neutral 
salu ;  bat  if  we  poor  into  their  concentrated 
sofaitioiis,  sulphunc,  nitric,  or  muriatic  adds, 
the  Kbedc  is  immediately  deposited  in  large 
qnacitity.  It  afibrds  predmtates  with  the 
acetates  and  nitratea  of  leao,  mercury,  and 
silver. 

Sodi  is  the  account  given  by  M.  Thenard 
vX  this  add,  m  the  3d  volume  of  his  Traill  de 
Chimie,  pubHshed  m  1816.  Berxdius,  in 
1810,  published  an  elaborate  dissertation,  to 
prove  that  M.  Thenard^s  new  sebadc  add  was 
only  the  benzoic,  contaminated  by  the  fat, 
from  which,  however,  it  may  be  fVeed,  and 
broi^t  to  the  state  of  common  benzoic  add. 
M.  Thenard  takes  no  notice  of  M.  Berzelius 
whatever,  but  ooodudes  his  account  by  suting, 
that  it  has  been  known  only  for  twelve  or  thir- 
teen years,  and  that  it  must  not  be  confounded 
with  the  add  formerly  called  sebadc,  which 
possesses  a  strong  disgusting  odour,  and  was 
mcrdy  acetic  ot  muriatic  acid;  or  fat  which 
had  been  dianged  in  some  way  or  others  ac 
cording  to  the  process  used  in  the  preparation. 

ACID  (SELENIC).    See  Selenium. 


ACID  (SILICATED  FLUORIC).  See 
Acid  (Flitobic). 

ACID  (SORBIC).  The  add  of  apples 
called  malic,  may  be  obtained  most  conve- 
niently and  in  greatest  purity  Aom  the  berries 
of  the  mountain  ash,  called  torhtu  or  fyrua 
ancuparia,  and  hence  the  present  name,  sorbic 
add.  This  was  supposed  to  be  a  new  and 
peculiar  add  by  Mr.  Donovan  and  AI.  Vau« 
quelin,  who  wrote  good  dissertations  upon  it. 
But  it  now  appears  that  the  sorbic  and  pure 
malic  adds  aie  identicaL 

Bruise  the  ripe  berries  in  a  mortar»  and 
then  squeexe  them  in  a  Unen  bag.  They 
yidd  nearly  half  thdr  weight  of  juice,  of  the 
specific  gmvity  of  1.077*  This  visdd  juice, 
by  remaining  for  about  a  fortnight  in  a  warm 
temperature,  experiences  the  vinous  ferment- 
ation, and  would  yield  a  portion  of  alcohcd. 
By  this  change^  it  has  become  bright,  dear, 
and  passes  easily  through  the  filter,  while  the 
sorbic  add  itself  is  not  dtered.  Mix  the  clear 
juice  with  filtered  solution  of  acetate  of  lead. 
Separate  the  predpitate  on  a  filter,  and  wash 
it  with  cold  water.  A  large  Quantity  of 
boiling  water  is  then  to  be  poured  upon  the 
filter,  and  allowed  to  drain  into  glass  jars.  At 
the  end  of  some  hours,  the  solution  deposits 
crystals  of  great  lustre  aod  beauty.  Waah 
these  with  cold  water,  dissolve  them  in  Ixriling 
water,  filter,  and  crystallize.  Collect  the  new 
crystals  and  boil  them  for  half  an  hour  in  2.3 
times  thdr  weight  of  sulphuric  add,  specific 
gravity  1.090,  supplying  water  as  fast  as  it 
evaporates,  and  stirring  the  mixture  diligently 
with  a  glass  rod.  The  dear  liquor  is  to  be 
decanted  into  a  tall  narrow  glass  jar,  and 
while  still  hot,  a  stream  of  sulphuretted  hy- 
drooen  is  to  be  passed  through  it.  When  the 
lead  has  been  all  thrown  down  in  a  sulphuret, 
the  liquid  is  to  be  filtered,  and  then  boiled  in 
an  open  veasd  to  dissipate  the  adhering  sul- 
phuretted hydrogen.  It  is  now  a  solution  of 
sorbic  add. 

When  it  is  evaporated  to  the  consistence  of 
a  syrup,  it  forms  mammdated  masses  of  a 
crystalfine  structure.  It  still  contains  a  con- 
uderable  quantity  of  water,  and  deliquesces 
when  exposed  to  the  air.  lu  solution  is  trans- 
parentt  colourless,  void  of  smell,  but  power- 
fully aeid  to  the  taste.  Ldme  and  barytea 
waters  are  not  predpitated  by  solution  of  the 
sorbic  add,  although  the  sorbate  of  lime  is 
nearly  insoluble.  One  of  the  roost  charac- 
teristic properties  of  this  add  is  the  predpitato 
which  it  gives  with  the  acetate  of  lead,  which 
is  at  first  white  and  flocculent,  but  afterwards 
assumes  a  brffliant  crystalline  appearance. 
With  potash,  soda,  and  ammonia,  it  forma 
erystalmable  salts  containing  an  excess  of  add. 
That  of  potash  is  deliquescent  Sorbate  of 
barytcs  consists,  according  to  M.  Vauquelin, 
of  47  sorbic  acid,  and  53  barytes  in  100. 
Sorbate  of  lime  well  dried,  appeared  to  be 
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oompoied  of  67  add  +  33  lime  =  100. 
Sorbttteof  lead,  which  in  solution,  like  most 
of  the  other  sorbatea,  retains  an  addulous 
taste,  consists  in  the  dried  state  of  33  add  -f 
67  oxide  of  lead  in  100.  The  ordinary  sor- 
bate  contains  12.5  per  cent  of  water.  M. 
Vauqudin  says  that  Mr.  Donovan  was  mis- 
taken in  supposing  that  he  had  obtained  super 
and  subsorbates  of  lead.  There  is  only  one 
salt  with  this  base,  according  to  M.  Vau- 
quelln.  It  is  nearly  insoluble  in  cold  water ; 
but  a  little  more  so  in  boiling  water;  as  it 
cools  it  crystallizes  in  the  boiutiful  white, 
brilliant,  and  shining  needles,  of  which  we 
have  already  spoken.  A  remarkable  pheno- 
menon occurs,  when  sorbate  of  lead  is  boiled  in 
water.  Whilst  one  part  of  the  salt  saturates 
the  water,  the  other  part,  for  want  of  a  suffi- 
dent  quantity  of  fluid  to  dissolve  it,  is  par. 
tially  mdted,  and  is  at  first  kept  on  the  surface 
by  the  force  of  ebullition,  but  after  some  time 
falls  to  the  bottom,  and  as  it  cools  becomes 
strongly  fixed  to  the  vessd. 

To  procure  sorbic  add,  M.  Braoonnot  sa- 
turates with  chalk  the  juice  of  the  scarcdy 
ripe  berries,  evaporates  to  the  consistence  of 
a  syrup,  removing  the  iroth ;  and  a  granular 
sorbate  falls,  which  he  decomposes  by  car- 
bonate of  soda.  The  sorbate  of  soda  is  freed 
from  colouring  matter  by  a  little  lime,  strained, 
fteed  from  Imie  by  carbonic  acid  gas,  and 
decomposed  by  subacetate  of  lead,  and  treated 
as  above. 

M.  Vauqudin  analvzed  the  add,  in  the  dry 
sorbates  of  copper  and  lead. 

The  foUowmg  are  its  constituents : 
Hydrogen,  16.8 
Carbon,       28.3 
Oxygen,      54.9 

100.0 
M.  Vaaqudin*8  analysis  of  the  sorbate  of 
lead  gives  7*0  for  the  prime  equivalent  of  this 
add ;  the  sorbate  of  lime  gives  7*230 ;  and 
the  sorbate  of  barytes  8.6.  If  we  take  that  of 
lime  for  the  standaxd,  as  it  was  the  only  one 
quite  neutral,  we  shall  have  the  following  re- 
lation o{  prime  equivalents : 

Theory.  Experiment. 
4  of  oxygen     =4.00    53.3        54.9 
3  of  carbon      =2.25    30.0        28.3 
10  of  hydrogen  =  1.25    1^7        16.8 

7-50  100.0      100.0 

The  approximation  of  these  sets  of  propor- 
tions  illustrates  and  confirms  the  accuracy  of 
M.  Vauquelin*8  researches. 

The  calcareous  salt  having  been  procured 
in  a  neutral  state,  by  the  addition  of  carbonate 
of  potash  to  its  acidulous  solution,  it  might 
readily  be  mixed  with  as  much  carbonate  of 
lime  as  would  diminish  the  apparent  equiva- 
lent of  add  from  7-50  to  7*230;  especidly  ai 


the  bamiircompoaDd  gives  no  leas  tluui  «.&. 
Had  the  oompodtion  of  the  sorbate  of  lime 
been  67.7  and  32.3,  instead  of  67  and  33.,  the 
prime  equivalent  of  the  add  would  ooKne  oat 
7>5,  as  its  ultimate  analysis  indicates. 

As  the  pure  sorbic  aod  appears  to  be  with- 
out odour,  without  colour,  and  of  an  agneeable 
taste,  it  migjht  be  substituted  for  the  tartaric 
and  dtiic,  in  medicine  and  the  arts. 

The  same  add  may  be  got  ton  apples,  ia 
a  similar  way. 

ACID  (STIBIC).    See  Acid   (Aitti- 

HOKIC). 

ACID  (STIBIOUS).    See  Acn>  (Ak- 

TIMONIOUS). 

ACID  (SUB£RIC>    M.  Chevienl  ob. 

tained  the  suberic  add  by  mere  digestion  of 
the  nitric  add  on  grated  cork,  without  distil- 
lation, and  purified  it  by  washing  with  cold 
water.  12  parts  of  coik  may  be  made  to  yidd 
one  of  add.  When  pure,  it  is  white  and 
pulverulent,  having  a  feeble  taste,  and  little 
action  on  liunus.  It  is  soluble  in  80  parts  of 
water  at  bb^  F.  and  in  38  parts  at  141^.  It 
is  much  more  soluble  in  akdiol,  firom  whicb 
water  throws  down  a  poition  of  the  suberic 
add.  It  occadons  a  white  predpitate  whea 
poured  into  acetate  of  lead,  nitrates  of  lead, 
meztfury,  and  silver,  muriate  of  tin,  and  pro- 
tosulphate  of  iron.  It  afibrds  no  predpitate 
with  solutions  of  copper  or  zinc  The  aube* 
rates  of  potash,  soda,  and  ammonia,  are  ▼eij 
soluble.  The  two  latter  may  be  resdily  crya- 
tallized.  Those  of  barytes,  lime,  magnesia* 
and  alumina,  are  of  sparing  solubility. 

ACID  (SUCCINIC>  It  has  lona  been 
known  that  amber,  when  exposed  to  fflstiDa- 
tion,  afifoids  a  crystallized  substance,  which 
sublimes  into  the  upper  part  of  the  vessel. 

M.  Julin,  of  Abo,  states,  that  by  mixing 
with  ooarsdy  powdered  amber  ^s  P>fft  of  ml^ 
phuric  acid,  diluted  with  an  equal  wdgfat  of 
water,  the  succinic  add  will  be  produced  la 
about  twice  the  quantity  got  in  the  old  way. 

Several  processes  have  been  proposed  for 
purifying  this  add :  that  of  Riditer  appeals 
to  be  the  best.  The  acid  bemg  dissolved  in 
hot  water,  and  filtered,  is  to  be  saturated  with 
potash  or  soda,  and  bofled  with  cfaatooa^ 
which  absorbs  the  oily  nutter.  The  solutaon 
being  filtered,  nitrate  of  lead  is  added ;  whenos 
results  an  insoluble  succinate  of  lead,  ftom 
which,  by  digestion  in  the  equivalent  quantity 
of  sulphuric  add,  pure  succinic  add  is  sep^ 
rated.  Nitrate  or  muriate  of  barytes  will  show 
whether  any  sulphuric  add  remains  mixed 
with  the  succinic  solution  ;  and  if  m,  it  may 
be  withdrawn  b^  digesting  the  liquid  with  a 
little  more  succmate  of  lead.  Pure  suodoic 
add  may  be  obtained  by  evaporation,  in  white 
transparent  prismatic  crystals.  Thdr  taste  ia 
somewhat  sharp,  and  they  redden  poveKfuUy 
tincture  of  turnsole.  Heat  melts  and  putially 
decomposes  suodnic  add.    Air  has  no  effect 
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It  li  mowiMb  in  hoQi  witer  tnd 
■nd  mmii  movB  to  wfacn  they  sre 
Its  prime  eqiii?aieiit,  by  BeneUus,  is 
6.26 ;  sad  H  is  composed  of  4.61  hydrogen, 
47.6  caifaoQ,  47.888  oxygen,  in  100,  or  2  + 
4  +  3primn. 

WMh  bsiytn  nd  Bme  Ae  saecinic  sdd 
loins  sslls  boc  fitde  lolable;  snd  with  msg- 
neaa  it  udtes  into  a  thick  gmnmy  substance. 
The  snednstes  of  potash  and  ammomsarecrjrs- 
tulHroblr  and  ddiqueaeent;  that  of  soda  does 
pocattnetmoiatiue.  The  succinate  of  ammonia 
is  Baetfbl  in  analysis  to  sepsrate  oxide  of  iron. 

ACID  (SULPHOVINIG).  The  name 
gtm  by  Vogd  to  an  add,  or  dass  of  adds, 
vindi  may  te  obtained  by  digesting  skdiol 
and  soiphaiic  add  to|(ether  with  he^ 

ACID  (SULPHURIC).  Snlphurieadd 
una  fonncriy  obtaitied  in  this  country  by  dis- 
tmataon  fnm  sulphate  of  iron,  as  it  still  is 
in  msny  parts  abroad.  The  fluid  that  ik 
tfaoB  obtained  is  the  Ctermaa  sulphuric  add, 
<if  wliich  Bernhardt  oot  sixty-rour  pounds 
'  I  six  BOBund  veigfat  of  vitriol  $  and  on 
idler  hand,  iriien  no  water  had  been  pre- 
dy  pomed  into  the  lecdver,  fifty*two 
poonds  only  of  a  dry  concrete  add.  This 
add  was  fimnedy  csUed  glacial  oil  ofvUrioL 

It  was  .siiown  by  Vogel,  that  when  this 
finning  add  is  ]Nit  into  a  glass  retort,  and 
diadfled  by  a  nwderato  heat  into  a  recdver 
osoled  with  ice,  the  fuming  portion  comes 
•fcr  flnt,  and  may  be  obtained  in  a  solid  state 
fay  stoppnig  the  distiihtion  in  time.  This 
csnsrifntes  absolute  sulphuric  add,  or  add 
enskdy  void  of  water.  It  is  in  sillcy  filaments, 
1B^^  difficult  to  cot,  and  somewhat  like 
adMtoa.  Exposed  to  the  air,  it  fumes 
stno^y,  and  mdaally  evaporates.  It  does 
lot  ad  on  the  skin  so  rapidly  as  concentrated 
oO  of  vitrioL  Up  to  60«  it  continues  solid, 
bat  at  tempcntnies  above  this  it  becomes  a 
oafcwirkas  vapour,  which  whitens  on  contact 
wixhaic.  Dropped  into  water  in  small  quan- 
tmes,  it  exdtes  a  hisdng  noise,  as  if  it  were 
led-hot  hon;  in  laiger quantities  it  produces  a 
spedes  of  explosion.  It  is  convertible  into 
onliBaiy  sulpfaoric  add,  by  the  addition  of 
waicr.  It  dissolves  sulnfaur,  and  assumes  a 
Uae,  green,  or  biown  cotoor,  according  to  the 
piopeitian  of  sulphur  dissolved.  The  specific 
giavity  of  the  biaek  fuming  sulphuric  add, 
wwrpaicd  in  large  quantities  fiom  copperas,  at 
Noidhansen,  is  1.896. 

The  ovdinsiy  liquid  add  of  Notdhausen  is 
baawD,  of  variable  dcndtv,  and  bolls  at  100« 
or  190*  F.  One  part  of  u  evaporates  in  dense 
famf ,  and  the  remainder  is  found  to  be  com. 
moBodiofvitrioL  The  above  solid  anhydrous 
sod  has  a  spedfic  gravity  of  1.97  at  68«  F. ; 
at  77'Oit  remains  fluid,  uidisless  visdd  than 
oilofvitikiL  There  is  a  little  sulfdinioos  add 
pceient  in  that  of  Noidhausen,  but  it  is  acd^ 
dental,  and  not  essential  to  its  constitution. 
The  Mhydtons  add  makes  a  red  solution  of 
indigo.    In  the  Jonxnal  of  Science,  xix.  62, 1 


pubttdied  die  result  of  fame  experuncnta 
wUdi  I  made  to  determine  the  nature  of  the 
solid  add.  The  brown  liquid  sdd  had  a 
spedfic  gravity  of  1.842.  When  distilled 
from  a  retort  into  a  globe  surrounded  with  ice, 
a  wlute  solid  sublimate  was  received.  When 
this  sublimate  was  exposed  to  the  air,  it 
emitted  copious  .Amies  of  sulphuric  (not  sul- 
phurous) add.  It  burned  holes  in  paper  with 
the  rapidity  of  a  red  hot  iron.  By  dropping  a 
bit  of  it  into  a  poised  phial  oontainins  water, 
and  stoppering  instantly,  to  prevent  me  ejec- 
tion of  liquid  bv  the  explodve  ebullition  that 
ensues,  I  got  a  mlute  add  containins  a  known 
portion  of  the  solid  add,  from  the  qwdfie 
gravity  of  whish,  as  weU  ss  its  saturating 
power,  I  determined  the  constitution  of  the 
solid  add  to  be  the  anhydnms  sulphuric;  or  a 
compound  of  two  by  weight  of  sulphur  and 
three  of  oxygen.  M.  Gmelin  states  in  the 
Annales  de  Cbxmie  et  de  Physique,  for  June 
1828,  diat  on  disdllmg  sulphuric  add,  if  we 
change  the  recdver  at  the  instant  when  it  is 
filled  with  opaque  vapours,  cover  the  new 
recdver  with  ice,  we  wall  obtain  anhydrous 
sulphuric  add,  which  is  depodted  in  crystals 
on  the  inside  of  the  vessel  and  a  less  dense 
liquid  add  which  remains  in  the  retort.  He 
supposes  that  during  the  distillation,  the  sul- 
phuric add  is  divided  into  two  portions,  one  of 
which  gives  up  its  water  to  the  other. 

The  sulphuric  add  made  in  Great  Britain 
is  produced  by  the  combustion  of  sulphur.  A 
mixture  of  nine  parts  of  sulphur  with  one  of 
nitre  is  placed  in  a  proper  vessel,  endosed 
withbi  a  duunber  of  considerable  size,  lined  on 
all  sides  with  lead,  and  covered  at  bottom  with 
a  shallow  stratum  of  water.  The  mixture 
being  set  on  fire  win  bum  for  a  oondderable 
time  by  virtue  of  the  supply  of  oxygen  which 
nitre  gives  out  when  heated,  ana  the  water 
imbibmg  the  sulphurous  vapours  becomes 
gradually  more  and  more  add  after  repeated 
combustions,  and  the  add  is  afrerwara  con- 
centrated. 

Such  was  the  account  usually  given  of  this 
operation,  tiU  MM.  Clement  and  Desomies 
showed,  in  a  very  interesting  memoir,  its  total 
inadequacy  to  account  for  the  result  100 
parts  of  nitre,  judiciously  managed,  will  pro- 
duce, with  the  requinte  quantity  of  solpnur, 
aOOO  parts  of  concentrated  suljAuric  add. 
Now  tnese  contain  1200  parts  of  oxygen, 
while  the  hundred  psrts  of  nitre  contain  only 
30^  of  oxygen ;  being  not  ^th  part  of  what 
is  afterwanis  found  in  the  resulting  sulphuric 
add.  But  after  the  combustion  of  the  suU 
phnr,  the  nitre  is  converted  into  sulphate  and 
bisulpbate  of  potash,  whidi  mingled  residuary 
salts  contain  nearly  as  much  oxygen  as  thic 
nitre  originally  did.  Hence  the  orisin  of  the ' 
1200  parts  of  the  oxygen  in  the  sulphuric  add 
is  still  to  be  sought  for.  The  following  in- 
genions  theory  was  firstgiven  by  MM.  Cle- 
ment and  Desormes.  The  burning  sulphur 
or  sulphurous  add,  taking  from  the  nitre  a 
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poftkn  of  it!  oxjgen,  fbmiB  nilDhiirie  add, 
which  unites  with  the  potash,  ana  displaces  a 
little  nitzous  and  nitric  adds  in  vapour.  These 
vapours  are  decomposed  by  the  sulphurous 
add,  into  nitzous  gas,  or  deutozide  of  azote. 
This  gas,  naturally  little  denser  than  air,  and 
now  expanded  by  the  heat,  suddenly  rises  to 
the  roof  of  the  chamber ;  and  might  be  ex- 
pected to  escape  at  the  aperture  there,  which 
manufacturers  were  always  obliged  to  leave 
open,  otherwise  they  found  the  acidification 
would  not  proceed.  But  the  instant  that  ni- 
trous gas  comes  in  contact  with  atmospherical 
oxygen,  nitrous  add  vapour  is  formed,  which 
being  a  very  heavy  aeriform  body,  immediately 
precipitates  oo  the  sulphurous  flame,  and  con- 
verts it  into  sulphuric  add ;  while  itself  re- 
suming  the  state  of  nitrous  gas,  reascends  fbr 
a  new  charge  of  oxygen,  again  to  redescend, 
and  transfer  it  to  the  flaming  sulphur.  Thus 
we  see,  that  a  small  volume  of  nitrous  vapour, 
by  its  alternate  metamor])hofles  into  the  states 
of  oxide  and  acid,  and  its  consequent  inter- 
changes, may  be  capable  of  acidifying  a  great 


This  beautiful  theory  received  a  modifica- 
tion from  Sir  H.  Davy.  He  found  that  nitrous 
gas  had  no  action  on  sulphurous  gas,  to  con. 
vert  it  into  sulphuric  add,  unless  water  be 
present.  With  a  gmall  proportion  of  water, 
4  volumes  of  sulphurous  acid  gas,  and  3  of 
nitrous  gas,  are  condensed  into  a  crystalline 
solid,  which  is  instantly  decomposed  by  abun- 
dance of  water:  oil  of  vitriol  is  fonned,  and 
nitrous  gas  given  ofl*,  which  with  contaa  of  air 
becomes  nitrous  add  gas,  as  above  described. 
The  process  continues,  according  to  the  same 
prindple  of  combination  and  decomposition, 
till  the  water  at  the  bottom  of  the  chamber  is 
become  strongly  add.  It  is  first  concentrated 
in  lai^e  leaden  pans,  and  afterwards  in  glass 
retorts  heated  in  a  sand  bath.  Platinum 
alembics,  placed  within  pots  of  cast-iron  of  a 
correspondmg  shape  and  capacity,  have  been 
latdy  substituted  in  many  manufactories  for 
glass,  and  have  been  found  to  save  fuel,  and 
quicken  the  process  of  concentration. 

Dr.  Henry  describes  a  peculiar  substance 
uroduced  during  verv  cold  weather,  in  the 
leaden  pipe,  by  which  the  foul  air  (^  a  sul- 
phuric add  chamber  was  carried  away.  It 
was  a  solid  resembling  borax.  It  became  soft 
and  pasty  in  a  warm  room,  and  gradually  a 
thick  liquid  of  sp.  gr.  1.831  floated  over  the 
solid  part.  The  crvstalline  part.  Dr.  Henry 
conddiers  as  probably  the  same  compound  as 
MM.  Clement  and  Dcsormes  obtained  by 
mingling  sulphurous  add,  nitrous  gas,  atmo- 
spheric air,  and  aqueous  vapour ;  and  he  thinks 
its  constitution  is  probably 

5  atoms  sulphuric  acid         -  25.00 
1  atom  hyponitrous  add   -        -        4.75 

6  atoms  water  -  -  6.625 


35.375 
Ann,  of  Phil.  xi.  368. 


The  pnipec  mo^  of  buniag  the  solpbiir 
with  the  nitre,  so  aa  to  produce  the  grettoc 
quantity  of  oil  <tf  vitriol,  is  a  problem,  am* 
cemiog  which  chemists  hold  a  variety  of  opi- 
nions. M.Thenanl  describes  the  following  ae 
the  best.  Near  one  of  the  ndes  of  the  leaden 
ehamber,  and  about  a  foot  above  its  bottom, 
an  iron  plate,  furnished  with  an  upright  bocdo', 
is  placed  horizontally  over  a  fuinaoe,  whose 
chimney  panes  across,  under  the  bottom  of  the 
diambar,  without  having  any  conoexion  with 
it.  On  this  pUte,  which  is  enclosed  in  a  little 
chamber,  the  mixture  of  sulphur  and  nitre  is 
laid.  The  whole  being  shut  up,  and  the 
bottom  of  the  large  chamber  covered  with 
water,  a  gentle  fire  is  kindled  in  the  fiiznaee. 
The  sulphur  soon  takes  fire,  and  gives  birth  to 
the  products  described.  When  the  oombustkHi 
is  finished,  which  is  seen  through  a  little  pane 
adapted  to  the  trap^door  of  the  chamber,  this 
is  opened,  the  sulphate  of  potash  is  withdxawn» 
and  is  replaced  by  a  mixture  of  sulphur  and 
nitre.  Ttt  air  in  the  great  chamber  is  mean- 
while renewed  by  opening  its  latacal  door,  and 
a  valve  in  its  opposite  side.  Then,  after  closing 
these  openings,  the  furnace  is  lighted  anew. 
Sucoesdve  mixtures  are  ^us  burned  tiU  the 
acid  acquires  a  spedfic  gravity  of  about  L39Q, 
taking  can  never  to  put  at  once  on  the  plate 
more  sulphur  than  the  air  of  the  diamber  can 
addify.  The  add  is  then  withdrawn  by  stop- 
cocks, and  concentrated. 

The  following  details  are  extracted  ftom  a 
pi^ier  on  sulphuric  add,  which  I  published  in 
the  4th  volume  of  the  Journal  of  Sdenoe  and 
the  Arts. 

The  best  oommerdal  sulphuric  add  that  I 
have  been  able  to  meet  with  contains  from 
<me-ba]f  to  three  quarters  of  a  part  in  the 
hundred  of  solid  saUne  matter,  foreign  to  its 
nature.  These  fractional  parts  consist  of  sul- 
phate  of  potadi  and  lead,  in  the  proportion  of 
four  of  the  former  to  one  of  the  latter.  It  is, 
I  believe,  diflkult  to  manufacture  it  directly  by 
the  usual  methods,  of  a  purer  quality.  The 
ordinary  add  sold  in  the  shops  contains  often 
three  or  four  per  cent  of  saline  matter  Even 
more  is  occasionally  introduced,  by  the  em- 
ployment of  nitre,  to  remove  the  brown  ooloiir 
given  to  the  add  by  carbonaceous  matter.  The 
amount  of  these  adulterations,  whether  aod- 
dental  or  fraudulent,  may  be  readily  determined 
by  evaporating  in  a  small  capsule  of  porcelain, 
or  rather  platinum,  a  definite  wdght  of  the 
add.  The  platinum  cup  placed  on  the  red 
dnders  of  a  common  fire  wiU  give  an  exact 
result  in  five  minutes.  If  more  than  five  grains 
of  matter  remain  from  five  hundred  of  add,  we 
may  pronounce  it  sophisticated. 

Distillation  is  the  mode  by  which  pure  oil  of 
vitriol  is  obtained.  This  process  is  described 
in  chemical  treatiKS  as  both  diflknlt  and 
hazardous;  but  since  adopting  the  following 
plan,  I  have  found  it  perfecdy  safe  and  con- 
venient.  I  take  a  plain  ghun  retort,  capable 
of  holding  from  two  to  four  quarts  of  water. 
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•nd  put  ioio  k  aiioitt  a  pint  mcamue  of  the 
solpbime  acid  (and  a  few  fxagments  of  glass), 
eonnectXDg  the  letort  with  a  huge  globular 
lecdTer,  by  meana  of  a  gloss  tube  four  fieet 
loog,  and  hom  one  to  two  inches  in  diameter. 
The  tube  fits  very  loosdy  at  both  ends.    The 
nUKi  is  placed  over  a  charcoal  fira,  and  the 
flame  is  made  to  play  gently  on  its  bottom. 
When  the  add  bej^s  to  boil  smartly,  sudden 
cxploaioiis  of  dense  vapour  rush  forth  from 
time  to  time,  which  would  infallibly  break 
small  fcsMla.    Here,  however,  these  expan- 
sions are  safely  permitted,  by  the  large  capacity 
of  die  retort  and  receiver,  aa  well  as  by  the 
easy  oommonication  with  the  air  at  both  ends 
of  the  adopter  tube.  Should  the  retort,  indeed, 
be  exposed  to  a  great  intensity  of  flame,  the 
vapour  will  no  &ubt  be  generated  with  in- 
coercible  xapdity,  and  htiak  the  ai^mratiis. 
But  tins  aoadent  can  proceed  only  mm  gross 
imprudence.    It  resembles,  in  suddenness,  the 
erplosian  of  gunpowder,  and  illustrates  ad- 
mjrsbly  Dr.  B]ack*s  observation,  that,  but  for 
^  great  latent  heat  of  steam,  a  mass  of  water, 
powerfully  heated,  would  explode  on  reaching 
the  boUing  temperature.    I  have  ascertained, 
that  the  specific  caloric  of  the  vapour  of  sul- 
phuric add  is  very  small,  and  hence  the  danger 
to  which  raah  operaton  may  be  exposed  during 
its  dwrillftrina.  Hence,  also,  it  is  unnecessary  to 
SBrxonnd  the  receiver  with  cold  water,  as  when 
alcohol  and  most  other  liquids  are  distilled. 
Indeed  the  application  of  cold  to  ihe  bottom  of 
the  TCceiver  generally  causes  it,  in  the  present 
opoaiion,  to  crack.    By  the  above  method,  I 
bave  made  the  concentrated  oil  of  vitriol  flow 
over  in  a  oontinuoua  slender  stream,  without 
the  globe  becoming  sensibly  hot. 

I  hare  freqnendy  boiled  the  dUtUUd  acid 
tin  only  one-half  remained  in  the  retort;  yet 
at  the  temperature  of  60<>  Fahrenheit,  I  have 
never  finmd  the  specific  gravity  of  acid  so  con- 
cpntrated,  to  exceed  1.845d. .  It  is,  I  believe, 
more  exactly  1.8452.  The  number  1.850, 
which  it  has  been  the  fashion  to  assign  for 
the  density  of  pure  oil  of  vitriol,  is  undoubtedly 
"veiy  oioneous,  and  ought  to  be  corrected. 
Genuine  eomMuereial  add  should  never  sur- 
pass 1.8475 ;  when  it  is  denser,  we  may  infer 
sophisticalion,  or  negligence,  in  the  manufac- 
tmne. 

The  prqgreasive  increase  of  its  density,  with 
saline  contamination,  will  be  shown  by  the 
fiillowing  experiments: — ^To  4100  grains  of 
gennine  commercial  acid  (but  concentrated  to 
only  1.8360)  40  grains  of  dry  sulphate  of 
potash  were  adde£  When  the  solution  was 
oonopleted,  the  spedfic  gravity  at  60^  had  be- 
come 1.8417.  We  see  that  at  these  densities 
the  addition  of  0.01  of  salt  increases  the  spe- 
dfic gravity  by  about  0.0067*  To  the  above 
4140  grsins  other  80  grains  of  sulphate  were 
added,  snd  the  spedfic  gravity,  after  solution, 
was  ftond  to  be  1.8526.  We  percdve  that 
Moiewhat  vaott  salt  is  now  required  to  produce 


a  piopoctfaiiuil  inflntse  of  deadigr ;  OkOl  of  the 
former  changing  the  latter  by  only  0.0M6. 
Five  hundred  grains  of  this  add  being  eva- 
porated in  a  platinum  capsule  left  1^  grains, 
whence  the  composition  was 
Sulphate  of  potash,  with  a  little  sulphate  of 

lead,  -  -  -  3.Sa 

Water  of  dilution,  -  -    5.3 

Oil  of  vitriol  of  1.8485,  -        01.4 

100.0 
Thus,  odd  of  1.8526,  whidi  in  oommeioe 
would  have  been  accounted  very  strong,  con- 
tained little  more  than  91  per  cent.  ( ' 


Into  the  last  add  more  sulphate  of  potash 
was  mtroduced,  and  solution  being  £svoured 
by  digestion  in  a  modente  heat,  the  specifie 
gravity  became,  at  60<>,  1 9120.  Of  this  com- 
pound,  300  grains,  evaporated  in  the  platinum 
capsule,  left  41  grains  of  gently  ignited  saline 
matter.  We  have,  therefore,  nearly  14  per 
cent.  On  the  spedfic  gravity  in  this  interval, 
an  increase  of  0.0054  was  efibcted  by  0.01  of 
8ul]^ate.  This  liquid  was  composed  of  saline 
matter,      -  -  -  -        14. 

Water  of  dilution,    -  -  -      4.7 

Oil  of  vitriol  of  1.8485,    .        •  81.3 

100.0 
The  general  proportion  between  the  denaty 
and  impurity  may  be  stated  at  0.0055  of  the 
former,  to  0  01  of  the  latter. 

If  from  genuine  dl  of  vitriol,  contaSning  f 
of  a  per  cent,  of  saline  matter,  a  considerable 
quantity  of  acid  be  distilled  off,  what  remams 
in  the  retort  will  be  fnmd  very  dense.  At  the 
specific  gravity  L865,  such  add  contains  3J-  of 
solid  salt  in  the  100  parts.  The  rest  is  pure 
concentrated  add.  From  such  heavy  add,  at 
the  end  of  a  few  days,  some  minute  crystals 
will  be  deposited,  after  which  its  spedfic  gra- 
vity becomes  1.860,  and  its  traniparency  is 
perfect.  It  contains  about  2^  per  cent  of  sfdine 
matter.  Hence  if  the  chemist  employ  for  his 
researches  an  add,  which,  though  originally 
pretty  eenuine,  has  been  exposed  to  long  ebul- 
lition, he  will  fall  into  great  errors.  From  the 
last  experiments  it  appears,  that  concentrated 
oil  of  vitriol  can  take  up  only  a  little  saline 
matter  in  comparison  with  that  which  is  some- 
what dilute^  It  is  also  evident,  that  those  who 
trust  to  spedflc  gravity  alone,  for  ascertaining 
the  value  of  oil  of  vitriol,  are  liable  to  great 
impositions. 

The  saline  impregnation  exercises  an  im- 
portant  influence  on  all  the  densities  at  subse- 
quent degrees  of  dilution.  Thus,  the  heavy 
impure  concentrated  acid,  spedfic  gravity 
1.8650,  bdng  added  to  water  in  the  proportion 
of  one  part  to  ten,  by  wdght  gave,  after  twenty- 
four  hours,  a  compound  whose  specific  gravity 
was  1.064 .  But  the  most  concentrated  genuine 
add,  as  well  as  distilled  add,  by  the  same  de- 
gree of  dilution,  namely  1  +  10,  acquires  the 


f.4 


ACl 


dx 


ACI 


«pwUle  ffsvkf  of  only  1.0002;  while  that  6f 
1^2,  ooatainiiig,  as  stated  above,  S^per  cent 
ef  sulphate  of  potash  oombined  with  add  of 
1*835,  gives,  on  a  suniUir  dilutkm,  1.058. 
This  di&renoe,  thoagh  rery  obvious  to  good 
instruments,  is  inappreciable  by  ordinary  com* 
merdal  appsfatus.  Hence  this  mode  of  ascer- 
taining  the  value-of  an  acid,  recommended  by 
Mr.  DaltoUf  is  inadequate  to  detect  a  deterio- 
ration of  even  8  or  9  per  cent  Had  a  little 
more  salt  been  present  in  the  add,  the  specific 
gravity  of  the  dilute,  in  this  case,  would  have 
equalled  that  of  the  genuine.  On  my  acide- 
meter  one  per  cent  of  deterioration  could  not 
fiul  to  be  detectedt  even  by  those  ignorant  of 
sdence. 

The  quantity  of  oxide,  or  rather  sulphate 
of  lead,  whidi  sulphuric  add  can  take  up,  is 
much  more  limited  than  is  commonly  ima- 
gined. To  the  concentrated  oil  of  vitriol  I 
added  mudi  carbonate  of  lead,  and  after  diges- 
tion by  a  gentle  heat,  in  a  dose  vessel,  for 
twenty.fouT  hours,  with  occasional  agitation, 
its  specific  gravity,  when  taken  at  OO^,  was 
scarcdy  greater  than  before  the  experiment 
It  contained  about  0.005  of  sulphate  of 
kad. 

The  qusBtity  ef  water  present  hi  100  parts 
of  concentrated  and  pure  oil  of  vitriol,  seems 
to  be  pretty  exactly  18.46. 

In  the  experiments  executed  to  detennine 
the  rdation  between  the  density  of  diluted  ofl 
of  vitriol,  and  its  add  strength,  I  emdoyed  a 
series  of  phials,  numbered  with  a  mamond. 
Into  each  phial,  recently  boiled  add,  and  pure 
water,  were  mixed  in  the  sucoesdve  proportions 
of  99  +  1 ;  98  +  2;  97  +3,  &c.  through 
.  the  whole  range  of  digits  down  to  1  add  +  99 
water.  The  phials  were  occasionally  agitated 
during  24  hours,  after  whidi  the  spedfic  gra- 
vity was  taken.  The  add  was  genuine  and  weU 
oonoentrated.  Its  specific  gravity  was  1.8485. 
Some  of  the  phials  were  tept  with  their  add 
contents  for  a  week  or  two,  but  no  further 
diange  in  the  density  took  place.  The  strongest 
possible  dutiUed  add  was  employed  for  a  few 
points,  and  gave  the  same  results  as  the  other. 

Of  the  three  well-known  modes  of 


taining  the  specific  gravity  of  a  liquid,  namely, 
that  by  Fahrenhdt*8  hydrometer ;  by  weighing 


a  vessd  of  known  capadty  fiOed  with  it ;  sncf 
by  poising  a  glass  ball,  suspended  by  a  fine 
piadna  wire  from  the  arm  of  a  deUcate  balance 
— I  deddedly  prefer  the  last  The  carrosive- 
ness,  viscidity,  and  weight  of  oil  of  vitriol, 
render  the  first  two  methods  indigible; 
whereas,  by  a  ball  floating  in  a  liquid,  of 
which  the  spedfic  gravity  does  not  differ  mudi 
fWrni  its  own,  the  balance,  little  loaded,  retains 
its  whole  sensibility,  and  will  give  the  most 
accurate  consistency  of  results. 

In  taking  the  apedfic  gravity  of  concen- 
trated or  slightly  diluted  add,  the  temperature 
must  be  minutely  regulated,  because,  frinn  the 
small  specific  heat  of  the  acid,  ft  ii  eaaly  af- 
fected, and  because  it  greatly  influences  the 
density.  On  removine  the  thermometer,  it 
will  speedily  rise  in  toe  air  to  75^  or  80<% 
Aough  the  temperature  of  the  apartment  be 
only  60^.  Afterwards  it  will  slowly  fall  to 
perhaps  00*  or  $29,  If  this  thermometer,  hav- 
ing its  bulb  covered  with  a  film  of  dilute  acid, 
(from  absorption  of  atmospheric  moisture)  be 
plunged  into  a  strong  add,  it  will  instantly 
rise  10^,  or  more,  above  the  real  temperature 
of  the  liquid.  This  source  of  embarrassment 
and  occasional  error  is  obviated  by  wiping  the 
bulb  after  every  immersion.  An  devation  of 
temperature,  equal  to  10*^  Fahr.  diminishes  the 
density  of  oil  of  vitriol  by  0.005 ;  1000  parts 
bring  heated  from  SO®  to  212«,  become  1.043 
in  vdume,  as  I  ascertained  by  very  careful  ex- 
periments. The  spedfic  gravity,  which  was 
1»848,  becomes  only  1.772,  being  the  number 
corresponding  to  a  dilution  of  14  per  cent  of 
water.  The  visddity  of  ofl  of  vitriol,  whidi 
below  50*  is  such  as  to  render  it  diflicuU  to 
detennine  the  spedfic  gravity  by  a  floating 
ball,  diminishes  very  rapidly  as  die  tempera- 
ture rises,  evincing  that  it  is  a  modification  of 
cohesive  attraction. 

The  following  table  of  dendties,  correspond- 
ing  to  degrees  m  dSbition,  was  the  result,  in 
each  point,  of  a  particular  experiment,  and 
was,  moreover,  verified  in  a  number  of  its. 
terms,  by  the  further  dilution  of  an  add,  pre- 
viousb^  oombined  with  a  known  proportion  of 
water.  The  balance  was  accurate  and  sea- 
sible. 
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TJBLM  tfike  qmMfy  o/Ottof  ntrki  and  Dry  Sufyhurie  Add  m  100 
fttrU  cfDlHae^  at  difhrtnt  DeiuUia,  bg  Dh.  Use. 


Uqnid. 

Sp.  Ox. 

Dry. 

Liquid. 

Sp.Gr. 

Dry. 

Liquid. 

Sp.  Or. 

Dry. 

100 

1.8485 

81.54 

66 

1.5503 

53.82 

32 

12334 

26.09 

99    1-6475 

80.72 

65 

1.5390 

53.00 

31 

1.2260 

25.28 

98    1.8460 

79.90 

64 

1.5$80 

52.18 

30 

1.2184 

24-46 

97    I.B4S9 

79.09 

63 

1.5170 

51.37 

29 

1.2108 

23.65 

,     96     1.8410 

78.28 

62 

1.5066 

50.55 

28 

1.2032 

22.83 

/    9^ 

1.8376 

77.46 

61 

1.4960 

49.74 

27 

1.1956 

22.01 

'    94 

1.8336 

76.65 

60 

1.4860 

48.92 

26 

1.1876 

21.20 

93 

1.8290 

75.83 

59 

1.4760 

48.11 

25 

1.1792 

20.38 

93 

1.8233 

75.02 

58 

1.4660 

47.29 

24 

1.1706 

19.57 

91 

1.8179 

74.20 

^7 

1.4560 

46.48 

23 

1.1626 

18.75 

90 

1.8115 

73.39 

56 

1.4460 

45.66 

22 

1.1549 

17.94 

89 

1.8043 

72.57 

55 

1.4360 

44.85 

21 

1.1480 

17.12 

88 

1.7962 

71.75 

54 

1.4263 

44.03 

20 

1.1410 

16.31 

87 

1.7870 

70.94 

53 

1.4170 

43-22 

19 

1.1330 

15.49 

86 

1.7774 

70.12 

53 

1.4073 

42.40 

18 

1.1 246 

14.68 

85 

1.7673 

69.31 

51 

1.3977 

41.58 

17 

1.1165 

13.86 

84 

1.7670 

68.49 

50 

1.3884 

40-77 

16 

1.1090 

13.05 

83 

1.7465 

67.68 

49 

1.3788 

39.95 

15 

1.1019 

12.23 

83 

1.7360 

66.86 

48 

1.3697 

39.14 

14 

1.0953 

10.41 

81 

1.7245 

66.05 

47 

1.3612 

38.32 

13 

1.0887 

11.60 

80 

1.7120 

65.23 

46 

1.3530 

37.51 

12 

1.0809 

9.78 

79 

1.6993 

64.42 

45 

1.3440 

36.69 

It 

1.0743 

8.97 

78 

1-6870 

63.60 

44 

1.3345 

35.88 

10 

1.0682 

8.15 

77 

1-6750 

62.78 

43 

1.3265 

35.06 

9 

1.0614 

7.34 

76 

1.6630 

61.97 

42 

1.3165 

34.25 

8 

1.0544 

6.52 

75 

1^520 

61.15 

41 

I.S080 

33.43 

7 

1.0477 

5.71 

74 

1.6415 

60.34 

40 

1.2999 

32.61 

6 

1.0405 

4.89 

73 

1.6321 

59.52 

39 

1.2913 

31.80 

5 

f.0336 

4.08 

7« 

1.6204 

58.71 

38 

1.2826 

30.98 

4 

1.0268 

3.26 

71 

1.6090 

57.89 

37 

1.2740 

30.17 

3 

1.0206 

2.446 

70 

15975 

57.08 

36 

1.2654 

29.35 

2 

1.0140 

1.63 

69 

1.5868 

56.26 

35 

1.8572 

28.54 

1 

1.0074 

0.8154 

68 

1.5760  55.45 
1.5648  54.63 

34 

1.2490 

27.72 

67 

33 

1.2409 

26.91 

Id  Older  to  oompue  the  densitiea  of  the 
pneediag  dilute  aad,  with  those  of  distilled 
•nd  agim  eoooentxaced  add,  I  mixed  ooe  part 
of  thelatter  with  nine  of  pure  water,  and  after 
agiiatioD,  and  a  proper  interval,  to  ensure 
tham^  combination,  I  found  its  specific 
grnitj  as  above,  1.0682:  greater  density  in- 
dicatei  saline  contamination. 

Dilute  add  having  a  specific  gravity  = 
1.6321,  haa  suffered  the  greatest  condensation ; 
100  puts  in  bulk  have  become  92.14.  If 
aAia  man  or  less  add  exist  in  the  compound, 
the  volume  irill  be  increased.  What  reason 
on  be  assigned  for  the  maximum  condensa- 
tion occurring  at  this  particular  term  of  dilu. 
tioo  ?  The  above  dilute  acid  consists  of  73 
per  cent,  of  oil  of  vitriol,  and  27  of  water.  But 
73  of  the  foimer  contains,  by  this  Table,  69.52 
of  dry  sdd,  and  13.48  of  water.  Hence  100 
of  Om  dilute  add  consist  cd  59.52  of  dry  add, 
+  13.48  X  3  =  40.44  of  water  =  99.96;  or 
it  is.s  eoropound  of  one  atom  of  dry  add,  with 
dsce  atoms  of  water.     Dry  sulphuric  add 


consists  of  three  atoms  of  oxygen,  united  to 
one  of  sulphur.  Here  each  atom  d  oxygen  is 
associated  with  one  of  water,  forming  a  sym- 
metrical arrangement.  We  may  therefore  infer, 
that  the  least  deviation  from  the  above  definite 
proportions  must  impair  the  balance  of  the 
attractive  forces,  whence  they  will  act  less 
efficadously,  and  therefore  produce  less  con- 
densation. 

The  very  minute  and  patient  examinatioQ 
which  I  was  induced  to  bestow  on  the  table  of 
specific  gravities,  disclosed  to  me  the  general 
law  pervading  die  whole,  and  consequently 
the  means  of  mferring  at  once  the  density  from 
the  degree  of  dilution,  as  also  of  solvmg  the 
inverse  proposition. 

If  we  take  the  tiped&c  gravity,  correspond- 
ing to  ten  per  cent  of  oil  of  vitriol,  or  1.0682 
as  the  root ;  then  the  spedflc  gravities  at  the 
successive  terms  of  20,  30,  40,  &c.  wUl  be  the 
successive  powers  of  that  root.  The  terms  of 
dilution  are  like  bgarithms,  a  series  of  num- 
bezB  in  arithmetical  progression,  corresponding 
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to  anotlier  galea,  namely,  the  apedflc  gra^tiaa 
io  geometrical  progtesaioo* 

The  simplest  logarithmic  fomula  which  I 
have  been  t^le  to  contrive  is  the  following. 

Log.  S  =  ;r^,where  S  ii  the  specific  gravity, 

and  a  the  per  centage  of  acid. 

And  a  =  Log.  S  X  350. 

Li  common  language  the  two  rules  may  be 
atated  thus. 

Problemist,  To  find  the  proportion  (^  oil 
of  vitriol  in  dilute  acid  of  a  given  specific  gra- 
vity. Multiply  the  logarithm  of  the  specific 
gravity  by  350,  the  product  is  directly  the  per 
centage  of  add. 

If  me  dry  add  be  sought,  we  must  multiply 
the  logarithm  of  the  specific  gravity  by  285, 
and  the  product  will  be  the  answer. 

Problem  2d,  To  find  the  spedfic  gravity 
corresponding  to  n  given  proportion  of  acicL 
Multiply  the  quantity  of  add  by  2,  and  divide 
by  700;  the  quotient  is  the  logarithm  of  the 
specific  gravity. 

Table  of  distilled  sulphuric  add  for  the 
higher  points,  bdow  which  it  agrees  with  the 
former  table* 

Liquid  Add  in  lOa    Sp.  Or.      Dry  Add. 

100  1.846  81.63 

95  1.834  77.55 

90  1.807  73.47 

85  1764  69.39 

80  1.708  65.30 

75  1.660  61.22 

Sulphuric  add  strongly  attracts  water,  which 
it  takes  from  the  atmosphere  very  rapidly,  and 
in  larger  quantities,  if  suffered  to  remain  in  an 
open  vessel,  imbibing  one-third  of  its  weight 
in  twenty.four  hours,  and  more  than  six  times 
its  weight  in  a  twelvemonth.  If  four  parts  by 
weight  be  mixed  with  one  of  water  at  50®, 
they  produce  an  instantaneous  heat  of  300**  F. ; 
and  four  parts  ruse  one  of  ice  to  21 2® :  on  the 
contrary,  four  parts  of  ice,  mixed  with  one  of 
add,  sink  the  thermometer  to  i^  below  0.  It 
requires  a  great  degree  of  cold  to  freeze  it ; 
ana  if  diluted  with  half  a  part  or  more  d 
water,  unless  the  dilution  be  carried  very  far, 
it  becomes  more  and  more  difficult  to  congeal ; 
yet  at  the  spedfic  gravity  of  1.7%,  or  a  few 
hundredths  above  or  bdow  this,  it  may  be 
frozen  by  surrounding  it  with  mdting  snow. 
Its  congelation  forms  regidar  prismatic  crystals 
with  six  sides.  Its  boiling  point,  according 
to  Bergman,  is  540® ;  according  to  Dalton, 
5900. 

Sulphuric  add  consists  of  three  prime  equi- 
valents  of  oxygen,  one  of  sulphur,  and  one  of 
water;  and  by  weight,  therefore,  of  3.0  oxy- 
gen +  2.0  sulphur  +  1.125  water  =  6.125, 
which  represents  the  prime  equivalent  of  the 
concentrated  liauid  add ;  while  3+2=5^ 
will  be  that  of  the  dry  add. 


Puw  iulphUrie  add  ia  witettt  tmdl  and 
odkmr,  and  of  an  oily  eaii8i8tene&  Ita  wtidan 
on  litmus  is  so  strong,  that  a  single  drop  of 
add  will  give  to  an  immense  quantity  of  water 
the  power  of  reddening.  It  is  a  most  violeot 
caustic ;  and  has  sometimes  been  adminiatered 
with  the  most  criminal  purposes.  The  person 
who  unfortunatdy  swallows  it,  speedily  dies 
in  dreadful  agonies  and  convukians  Chalk, 
or  common  cari>onate  of  magnesia,  is  the  beat 
antidote  for  this,  as  well  as  for  the  Strang  nitric 
and  muriatic  acids. 

When  transmitted  through  an  ignited  por» 
celatn  tube  of  one.fifih  of  an  inch  diameter,  it 
ia  resolved  into  two  parts  of  sulphurous  acid 
gaa,  and  one  of  oxygen  gaa,  with  water.  Vol. 
taic  dectridty  causes  an  evolution  of  sulphur 
at  the  negative  pole ;  whilst  a  sulphate  of  the 
metallic  wire  is  formed  at  the  positive.  Sul- 
phuric  add  has  no  acdon  on  oxygen  gas  or 
ahr.   It  merdy  abstracts  their  aqueous  vapour. 

If  the  oxygenized  muriatie  add  of  M. 
Thenazd  be  put  in  contact  with  the  sulphate 
of  silver,  there  is  immediatdy  formed  insoluble 
chloride  of  silver,  and  oxygenized  sulphuric 
add.  To  obtain  sulphuric  acid  in  the  highest 
degree  of  oxygenation,  it  is  merely  neceaaary 
to  pour  barytes  water  into  the  above  oxygen, 
ized  add,  so  as  to  predpitate  only  a  part  of  it, 
leaving  the  rest  in  union  with  the  whole  of  the 
oxygen.  Oxygenized  sulphuric  add  partially 
reduces  the  oxide  of  silver,  occasioning  a  strong 
effervescence.    See  Acid. 

All  the  simple  combustibles  deedmpose  sul- 
phuric add,  widi  the  aaaistauce  of  heat  About 
400^  Fahr.  sulphur  converts  sulphuric  into 
sulphurous  add  Several  metals  at  an  de. 
vated  temperature  decompose  this  add,  with 
evolution  of  sulphurous  add  gas,  oxidizemeiit 
of  the  metal,  and  combination  of  the  oxide 
with  the  undecomposed  portion  of  the  add. 

Sulphuric  add  is  of  very  extensive  use  in 
the  art  of  chemistry,  as  well  as  in  metallurgy, 
bleaching,  and  some  of  the  processes  for  dye. 
ing;  in  medicine  it  is  given  as  a  tonic  and 
stimulant,  and  is  sometimes  used  externally  as 
a  caustic 

The  combinations  of  this  acid  with  the 
various  bases  are  called  sulphates,  and  most 
of  them  have  long  been  known  by  various 
names.  With  barytes  it  is  found  native  and 
nearly  pure  in  various  forms.  See  HEAvr 
Spar.  It  may  be  artificially  formed  by 
dropping  a  solution  of  an  alkaline  sulphate 
into  the  solution  of  muriate  or  nitrate  of 
barytes.  It  forms  a  white  powder  which 
suffers  no  change  by  the  action  of  the  air,  and 
is  therefore  sometimes  used  in  water-colour 
painting. 

It  consists,  according  to  Dr.  Wollastm,  of 
5  parts  of  dry  acid,  and  9-75  of  bar3rte8.  It 
requires  43,000  parU  of  water  to  dissolve  it  at 
60". 

Sulphate  of  strontian  has  a  considerable  re- 
semblance to  that  of  barytes  in  its  properties. 
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It  ii  found  maw  in  fsonaidenlileqiuurtitie*  at 
Avsi  FasBwe  and  other  places  in  the  ndgh. 
boBihood  of  BristoL  It  requires  3840  parts 
of  boQirig  water  to  dusolve  it. 

Its  oompoBtiim  is  5  add  -{-  6L5  base. 
The  sulphate  of  potash,  formerly  vUrioUUed 
tartar^  ccyctaHiaesin  hexaednd  prisms,  tenni- 
nated  by  hezagODsl  pyramids,  but  susceptible 
of  vanatioD&  Its  erystsUizatioD  by  quick 
cnoling  is  confosed.  Its  taste  is  bitter,  acrid, 
aaod  a  little  ssline.  It  is  soluble  in  6  parts  of 
bcalir^  water,  and  16  parts  at  60^  In  the 
file  it  deoepitates,  and  is  fusible  by  a  strons 
facet.  It  is  decomposable  bj  charcoal  at  a  high 
tcmpesatare.  It  may  be  prepared  by  direct 
inizture  of  its  component  parts ;  but  the  usual 
and  cheapest  mode  is  to  ignite  the  acidulous 
sulphate  left  after  distilling  oitiic  acid.  The 
salpoiychreMt  of  old  dispensatories,  made  by  de- 
flagrating Eolphur  and  nitre  in  a  crucible,  was 
a  compoaDd  of  the  sulphate  and  sulphHe  of 
pocaah.  The  adduknis  sulphate  is  sometimes 
employed  as  a  dux,  and  likewise  in  the  manu- 
fisctnie  of  ahun.  In  medicine  the  nentral  salt 
is  sometxmes  used  as  a  mild  cathartic. 

It  consists  of  6  add -(-0  base;  butthereis 
a  amxpound  of  the  same  constituents,  in  the 
pnpoition  of  10  add  +  6  potash,  called  the 
hi^ulphate. 

The  sulphate  of  soda  is  the  well  known 
Gtamber'M  iut.  it  is  commonly  prepared  from 
die  readuum  left  after  disdHiog  muriatic  add^ 
the  sspeifluous  add  of  which  may  be  expelled 
bj  ignitiao ;  and  is  likewise  obtained  m  the 
msnsiactnre  of  the  muriate  of  ammonia  (See 
AxMoiriA.)  It  exists  in  large  quantities 
nader  the  suifitoe  of  the  earth  in  some  conn- 
tzies,  as  Persia,  Bohemia,  and  Switzerland ;  is 
finnd  mixed  with  other  substances  in  mineral 
Vings  snd  sea  water ;  and  sometimes  efflor- 
aoes  on  walls.  Sulphste  of  soda  is  bitter  and 
isline  to  the  taste.  It  is  solnble  in  2.8b  parts 
of  cold  water,  and  0-8  at  a  boiling  heat;  it 
oystslliaes  in  hexagonal  prisms  bevelled  at 
the  extremities,  sometimes  grooved  longi- 
tudinally, and  of  very  hurge  sise^  when  die 
qoamx^  is  great :  these  effloresce  completdy 
into  a  white  powder  if  exposed  to  a  dry  air,  or 
even  if  kept  wrapped  up  in  paper  m  a  dry 
place;  yet  they  retain  sufficient  water  of  crys- 
taOizstion  to  undergo  the  aqueous  fusion  on 
exposure  to  heat,  but  by  urging  the  fire,  mdt 
Bvytes  and  strontian  take  its  add  from  it 
entirely,  and  potash  pardally ;  the  oitric  and 
ranriaty  adds,  thou^  they  have  a  weaker 
affiniqr  for  its  bsse,'  combine  with  a  part  of  it 
when  digested  on  it.  Heated  with  charcoal 
its  add  is  decomposed.  As  a  purgative  its 
use  is  very  general ;  and  ithas  been  employed 
to  iuniish  soda.  Pajot  des  Chaimcs  has  made 
some  experiments  on  it  in  fabricating  glass ; 
with  sand  alone  it  would  not  succwd,  but 
equal  parts  of  carbonate  of  lime,  sand,  and 
dned  alj^iate  of  ooda,  produced  a  dear,  solid, 
psfe  jeDow  glass. 


It  18  oompoted  of  6  add  +  4  base -f  11.86 
water  in  crystals ;  when  dry,  the  former  two 
primes  are  its  oonstituentB. 

Sulphate  of  soda  and  sulphate  of  ammonia 
fomi  together  a  triple  salt 

Sulphate  of  lime,  selenite,  gyptum,  platter 
of  PariSj  or  sometimea  olabastery  form  ex- 
tensive strata  in  various  mountains.  (See 
Otpbuk.) 

It  requires  600  psrts  of  cold  water,  and  450  ■ 
of  hot,  to  dissolve  it  When  calcined,  it  de- 
crepitates, becomes  very  friable  and  white,  and 
heats  a  little  with  water,  with  which  it  forms  a 
solid  mass.  In  this  process  it  loses  its  water 
of  crystallization.  The  csldned  sulphate  is 
much  employed  for  making  casts  of  anatomical 
and  ornamental  figures ;  as  one  of  the  bases  of 
stucco ;  as  a  fine  cement  for  making  dose  and 
strong  joints  between  stone,  and  ioining  rims 
or  tops  of  metal  to  glass ;  for  maxing  moulds 
for  the  StafTord^ire  potteries;  for  cornices, 
mouldings,  and  other  ornaments  in  huildii^. 
For  these  purposes,  and  for  being  wrought 
into  columns,  diimney-jneces,  and  various 
ornaments,  about  eight  hundred  tons  are  raised 
annually  in  Derbyshire,  where  it  is  called 
alabaster.  In  America  it  is  laid  on  grass  land 
as  a  manure. 

Ordinary  crystallized  gypsum  consists  of  5 
sulphuric  acid  +  3.6  lime  +  2.26  water;  the 
anhvdrous  variety  wants  of  course  the  last  in- 
gredient 

Sulphate  of  magnesia  is  commonly  known 
by  the  name  of  Eptom  salty  as  it  was  fur- 
nished in  considerable  quantity  by  the  mineral 
water  at  that  place,  mixed,  however,  with  a 
oonnderable  portion  of  sulphate  of  soda.  It 
is  afforded,  however,  in  greater  abundance  and 
more  pure  from  the  bittern  left  after  the  ex- 
traction of  salt  tram  sea  water.  It  has  like- 
wise been  found  efiHoresdng  on  brick  walls, 
both  old  and  recently  erected,  and  in  small 
quantity  in  the  ashes  of  coals.  The  capiUary 
salt  of  Idria,  found  in  silvery  crystals  mixed 
with  the  aluminous  schist  in  die  mmes  of  diat 
place,  and  hitherto  considered  as  a  feathery 
alum,  has  been  ascertained  by  Elaprodi  to 
consist  of  sulphate  of  magnesia,  mixed  with  a 
small  portion  of  sulphate  of  hon.  When 
pure  it  crystallizes  in  small  ouadrangular 
prisms,  terminated  by  quadrangular  pyramids 
or  diedral  summits.  Its  taste  is  cool  and 
bitter.  It  is  very  soluble,  requiring  only  an 
equal  wdght  of  cold  water,  and  three-fourths 
its  weight  of  hot  It  cfiloresoes  in  the  air, 
though  but  slowly.  If  it  attract  moisture,  it 
contains  muriate  of  magnesia  or  of  lime.  Ex- 
posed to  heat,  it  dissolves  in  its  own  water  of 
crystallization,  and  dries,  but  is  not  decom- 
posed, nor  fused,  but  with  extreme  difficulty. 
It  consists,  acconcUng  to  Bagman,  of  33  add, 
1 9  magnesia,  48  water.  A  very  pure  sulphate 
is  Mud  to  be  prepared  in  the  neighbourhood  of 
Genoa,  by  roasting  a  pyrites  found  there ;  ex- 
posing it  to  the  air  in  a  covered  place  for  six 
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WBteniig  it  oecaabnily,  md  thtti 
iJxMsdng. 

Sulphate  of  magnesia  is  one  of  out  most 
igsluaUe  pmgatives ;  for  wfaidi  purpose  only 
it  is  used,  and  for  furnishing  the  carbonate  of 
magnesia. 

It  is  composed  of  6  acid  -f  2.5  magnesia 
•f  7.875  water,  in  the  state  of  crystals. 

Sulphate  of  ammonia  crystalUzes  in  slen- 
der,  ibitt^ed,  hexaedral  prisms,  terminated 
by  hexagonal  pyramids ;  it  attiacts  a  little 
moisture  from  very  damp  air,  particularly  if 
the  add  be  in  excess;  it  dissidves  in  two 
parti  of  add  and  one  of  boiling  water.  It  is 
not  used,  though  Glauber,  who  called  it  his 
seeret  ammomacal  mU,  vaunted  its  excellence 
inassaybig. 

It  consists  of  5  add  -1-2.125  ammonia  + 
LI25  water  in  its  most  desiccated  state ;  and 
in  its  crystalline  state  of  5  add  +  2.125  am- 
monia  -f*  3.375  water* 

If  sulphate  of  ammonia  and  sulphate  of 
magnesia  be  added  together  in  solution,  they 
oombine  into  a  triple  salt  oi  an  octaedral 
figure,  but  varying  much ;  less  soluble  than 
cither  of  its  component  parts ;  unalterable  in 
the  air;  undergoing  on  the  fire  the  watery 
fusion ;  after  which  it  is  decomposed,  part  of 
the  ammonia  ilying  off,  and  the  remainder 
■lUimisg  with  an  excess  of  add.  It  con- 
tains, according  to  Fourcroy,  68  sulphate  of 
magnesia,  and  32  sulphate  of  ammonia. 

fia]|d^ate  of  g^dba  crystallizes  with  diffi- 
culty, its  solution  readily  acquiring  and  re- 
taining  a  syrupy  consistence;  its  taste  is 
aweet,  and  subtly  astringent ;  it  is  not  alter- 
able in  the  air ;  a  strong  neat  expels  its  add, 
•  and  leaves  the  earth  pure ;  heated  with  char- 
coal it  forms  a  sulphuret;  infusion  of  galls 
forms  a  yellowish-white  predpitate  with  its 
solution. 

Yttria  is  readily  dissolved  by  sulphuric 
add;  and  as  the  solution  goes  on,  the  sul- 
phate crystallises  in  small  brilliant  grains, 
which  have  a  sweetish  taste,  but  less  so  than 
sulphate  of  gludna,  and  are  of  a  light  ame- 
thvsUred  oo&ur.  They  require  30  parts  of 
cold  water  to  dissolve  them,  and  give  up  thdr 
add  when  exposed  to  a  high  temperature. 
They  are  decomposed  by  oxalic  add,  prussiate 
of  potash,  infusion  of  galls,  and  phosphate  of 
soda. 

Sulphate  of  alumina  in  its  pure  state  is  but 
recently  known,  and  it  was  first  attentivdy 
examined  by  Vauquelin.  It  may  be  made  by 
dissolving  pure  idumina  in  pure  sulphuric 
add,  heating  them  for  some  time,  evaporating 
the  solution  to  dryness,  drying  the  residuum 
with  a  pretty  strong  heat,  redissolving  it,  and 
crystallising.  Its  crystals  are  soft,  fdiaceous, 
shining,  and  pearly ;  but  these  are  not  easUy 
obtained  without  cautious  evaporation  and  re- 
frigeiadoo.  They  have  an  astringent  taste ; 
are  little  alterable  in  the  air ;  are  pretty  solu- 
bk,  particularly  in  hot  water;  give  out  thdr 


add  on  exposuife  to  a  high  tempemtufe ; 
are  decomposable  by  combuMible  sabetances, 
though  not  readily ;  and  do  not  fbrm  a  pyxo- 
phorus  like  aluas. 

If  the  evaporation  and  desiccation  directed 
above  be  omitted,  the  alumina  will  remain 
supersaturated  with  acid,  as  may  be  known 
by  its  taste,  and  by  its  reddening  vegetable 
blue.  This  is  still  more  difiicult  to  crystal, 
lize  than  the  neutral  salt,  and  frequently 
thickens  into  a  gelatinoos  mass. 

A  compound  of  acidulous  sulphate  of 
alumina  with  potash  or  ammonia  has  loiig 
been  known  by  the  name  of  Alum.  See 
Alumina. 

If  this  addulous  sulphate  or  alum  be  dis- 
solved in  water,  and  boiled  with  pure  alu- 
mina, the  alumina  will  become  saturated  with 
its  base,  and  fall  down  an  insipid  white  pov. 
der.  This  salt  is  completely  insoluble,  and  is 
not  deprived  of  its  add  by  heat  but  at  a  very 
high  tempcntuie;  It  may  be  decomposed  by 
long  boiling  with  the  alkaline  or  earth  bases  ; 
and  several  adds  convert  it  into  conunon 
alum,  but  slowly. 

Sulphate  of  droon  may  be  prepared  by 
adding  sulphuric  add  to  the  earth  recently 
predpitated,  and  not  yet  dry.  It  is  some- 
times in  small  needles,  but  commonly  pul* 
verulent ;  very  friable ;  insipid ;  insoluble  in 
water,  unless  it  contain  some  add ;  and  easily 
deccxnposed  by  heat. 

AC1D(SULPHUR0US).  This  add  is 
fbrmed  by  the  ordinary  combustion  of  sul- 
phur in  the  open  air :  but  it  can  be  obtained 
most  purely  and*  conveniently  by  digesting 
mercury  in  sulphuric  add,  with  heat,  in  a  re- 
tort. The  metal  becomes  oxidised,  snd  euU 
pliurous  add  gas  is  disengaged  with  effer- 
vescence. M.  Berthier  has  recently  shown 
that  sulphurous  add  gas  may  be  obtained 
very  pure  and  abundantly,  by  heating  a  mix- 
ture of  twdve  or  fourteen  parts  of  sublimed 
sulphur  and  a  hundred  parts  of  peroxide  of 
manganese  in  a  glass  retort  The  reddue  in 
the  retort  is  not  a  sulphuret  of  manganese, 
but  a  protoxide  of  that  metal,  mixed  with 
a  little  sulphate,  and  sometimes  a  little  sul- 
phur.— Ann,  de  Chim,  ct  de  Fhy»,  xxiv. 
276. 

The  gas  may  be  collected  over  quicksilver, 
or  reodved  into  water,  which  at  the  tempera- 
ture of  610  will  absorb  33  times  its  bulk,  or 
nearly  an  deventh  of  its  weight. 

Water  thus  saturated  is  intensely  add  to 
the  taste,  and  has  the  smeU  of  sulphur  bum. 
ing  slowly.  It  destroys  most  vegeuble  co- 
lours, but  the  blues  are  reddened  by  it  pre- 
vious  to  their  being  discharged.  A  pleasing 
instance  of  its  efiect  on  colours  may  be  ex- 
hibited by  holding  a  red  rose  over  the  blue 
flame  of  a  common  matdi,  by  which  the 
cok)UT  will  be  dischaiged  wherever  the  sul- 
phurous add  comes  into  contact  with  it,  so  as 
to  render  it  beautifully  variegated^  or  entirely 
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vhite.  If  it  be  then  di|qped  into  water,  tlie 
lednesA  after  a  time  will  bo  restored. 

The  specific  gra^dty  of  Bulphurous  add  gas, 
as  given  by  MM.  Thenard  and  Oay  Lussac, 
is  2^2563,  bnt  by  Sir  H.  Davy  is  2.2295,  and 
benee  100  cubic  inches  weigh  08  grains ;  bnt 
its  spr.  gr.  most  probably  uoald  be  estimated 
at  2.222,  and  the  veight  of  100  cubic  inches 
win  become  67-777*  Its  constituents  by  vo- 
Inrae  are  one  of  oxygen,  and  one  of  vapour  of 
anlphor ;  each  having  a  sp.  gr.  of  l.U  1,  oon- 
doved  80  that  both  volumes  occupy  only  one. 
Or  in  popular  language,  sulphurous  acid  may 
be  said  to  be  a  solution  of  sulphur  in  oxygen, 
wbidi  donUes  the  weight  of  mis  gas,  without 
augmenting  its  bulk.  It  obviously,  dierefore, 
Moaists  by  weight  of  equal  quantities  of  the 
two  ooostitnents.  Its  equivalent  will  either 
be  3  oxygen  +  2  sulphur  =  4.0 ;  or  1  oxy. 
gen  +  1  solphor  =  2.  Now  the  analysis  of 
•olphite  of  baiytes  by  Berzelius  gives  209-22 
base  to  80J3  add;  which  being  reduced, 
praieofa  ftr  die  prime  equivalent  of  sulphu* 
RHu  add,  the  number  4.  Hydrogen  and 
evboD  leadilv  decompose  sulphurous  add  at 
a  red  heat,  and  even  ujoder  it  Mr.  Higgins 
diacoveicd,  that  liquid  sulphurous  add  dis- 
lobes  inn,  without  the  evolution  of  any  gas. 
The  peroxides  of  lead  and  manganese  furnish 
oxygen  to  convert  it  into  sulphuric  add,  which 
tens  a  sulphate,  with  the  resulting  metallic 
pmoxide. 

Sulpbmoos  add  is  used  m  bleaching,  par- 
tieolaily  for  silks.  It  likewise  disdiarges 
-MBiable  stains  and  iron-moulds  firom  linen. 

In  combination  with  die  salifiable  bases,  it 
tens  sulphites  which  difier  from  the  suL 
phatet  in  their  properdes.  The  alkaline  sol- 
phitts  aie  more  soluble  than  the  sulphates, 
fkt  eacdiy  less.  They  are  converted  into 
wiphatee  by  an  addition  of  oxygen,  which 
thcj  aeqnire  even  by  exposure  to  the  air. 
The  solphite  of  Ifane  U  the  slowest  to  undergo 
tfaia  diBOge.  A  strong  heat  other  expds 
thdr  add  enthely,  or  converts  them  into  sul- 
Thcy  have  all  a  sharp,  disagreeable, 
m  Caste.  The  best  mode  of  obtaining 
I  is  by  leodviog  the  sulphurous  add  gas 
fauo  wnter,  hoUiSaag  the  base,  or  its  carbonate, 
in  aaJBtion,  or  diShsed  in  it  in  fine  powder. 
None  of  tiicm  has  vet  been  applied  to  any  use. 

By  putting  snlpnuric  add  and  mercury  into 
ihm  aealfd  ei^  of  a  glass  tube  recurved,  then 
analln^  the  other  tA,  and  applying  heat  to 
tibe  fonner»  Sir.  Faraday  obtained  a  liquid 
•nlpteow  add.— <FA.  Tr.  1823L)  tthv 
Bntw  (Aum.  de  CMm,  Jbr  May^  1824)  says 
that  de  Handled  the  same  gas,  by  transmitdng 
it  tfanngn  fofed  ddoride  of  caldnm  into  a 
tek  iomMmded  with  a  mixture  of  ice  and 
aalL  It  xcmains  in  a  liquid  state  in  the  air 
at  die  tempentnre  of  0*  r.  It  is  a  colourless 
transparent,  and  very  volatile  Uquid,  of  a  spe- 
dfiegBTity«  1.46.  It  boils  at  14*  F.  but 
io  conteqacnce  of  the  eold  produced  by  the 


evipoiation  of  die  pordon  that  flies  oiT,  the 
residue  remains  liquid.  It  causes  a  fediog  of 
intense  cold  when  dropped  on  the  hand.  By 
evaporadoD  of  the  acid  in  xnttAo,  M.  Bu^sy 
froze  alcohol,  sp.  gr.  0.860. 

ACID  (HYP08ULPHUR0US).  In 
the  85ch  volume  of  the  Annales  de  Chimie^ 
M.  Gay  Lussac  describes  permanent  crystal* 
Usable  salts  having  lime  and  strondtes  for  thdr 
base,  combined  with  an  add  of  sulphur,  in 
whidi  the  proportion  of  oxygen  is  less  thui  in 
sulphurous  add ;  but  this  add  he  does  not 
seem  to  have  examined  in  a  separate  state. 
Those  salts  were  procured  bv  exposing  so- 
lutions  of  the  sulphurett  of  the  eardM  to 
the  air,  when  sulphur  and  carbonate  of  lime 
predpitated.  When  the  filtered  liquid  is  then 
evaporated,  and  cooled,  colourless  crystals 
form.  The  calcareous  are  prismadc  needles, 
and  those  with  strondtes  are  rhomboidaL  He 
called  these  new  compounds  sulphuretted  sul- 
phites. Those  of  potasli  and  soda  he  also 
formed,  by  heating  their  sulphites  with  sul* 
phur ;  when  a  quantity  of  bulphurous  add 
was  disengaged,  and  neutral  salts  were  formed. 
M.  Oay  Lussac  farther  informs  us,  that  boil- 
ing a  soludon  of  a  sulphite  with  sulphur,  de- 
termines the  formadon  of  the  sulphuretted 
sulphite,  or  hyposulphite ;  and  that  iron,  sine, 
and  manganese,  treated  with  liquid  sulphur- 
ous add,  yield  snlphuretted  sulphitcg;  from 
which  it  follows,  that  a  portion  of  the  suU 
phurous  add  is  deeomposed  by  die  metal, 
and  that  the  resulting  oxide  combines  with 
die  other  pordon  of  the  sulphurous  acid  and 
the  liberated  sulphur.  The  nyposulpbites  are 
more  permanent  than  the  sulphites ;  they  do 
not  roidily  pass  by  the  acdon  of  the  air  into 
the  state  of  sulphate;  and  though  dccom* 
posable  at  a  high  heat,  they  resist  die  action 
of  fire  longer  tban  the  sulphites.  They  are 
decomposed  in  solution  by  tne  sulphuric,  mu- 
riadc,  fluoric,  phosphoric,  and  arsenic  acids ; 
sulphurous  acid  is  evolved,  sulphur  is  pre- 
dpitated, and  a  new  salt  is  formed.  Such  la 
the  account  given  of  these  by  M.  Gkiy  Lussac, 
and  copied  faito  the  second  volume  of  the 
Ttait£  de  Chunie  of  M.  Thenard,  published 
in  1814. 

So  additional  information  was  communi 
cated  to  the  world  on  this  subjea  till  January 
1819,  when  an  ingenious  paper  on  the  hvpo- 
sulphites  appeared  in  die  Edinburgh  Philo- 
topnical  Journal,  followed  soon  by  two  others 
in  the  same  periodical  work,  by  Mr.  Herschd. 

In  order  to  obtain  hyposulf^urous  add, 
Mr.  Hcramd  mixed  a  dilute  solntkin  of  hy« 
posnl^iite  of  strondtes  with  a  slight  excess 
of  dilute  sulphuric  add,  and  after  agitation 
poured  the  mixture  on  diree  filteif .  The  first 
was  reodved  into  a  solution  of  carbonate  of 
potash,  firom  which  it  expelled  carbonic  add 
gas.  The  second  portion  being  recdved  sue 
oessivdy  into  nitrates  of  silver  and  mercury, 
predpiuted  die  metals  copiously  in  the  stale 
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of  sulphureti,  but  produced  no  eflkt  on  wlii* 
tions  of  copper,  iron,  or  zinc.  The  third, 
being  tasted,  wag  add,  astriogent,  and  bitter. 
When  firesh  filtered,  it  was  dear;  but  it  be- 
came  milky  on  standing,  depositing  sulphur, 
and  colouring  sulphurous  acid.  Amoilerate 
exposure  to  air,  or  a  gentle  heal,  caused  its 
entire  decomposition* 

The  habitudes  of  oxide  of  silver  in  union 
with  this  add,  are  very  peculiar.  Hyposul- 
phite of  soda  being  poured  on  newly  preci. 
pitotod  oxide  of  silver,  hyposulphite  c«  silver 
was  fonned,  and  caustic  soda  eliminated ;  the 
only  instance,  says  Mr.  Herscbd,  yet  known, 
of  the  direct  displacement  of  a  fixed  alkali  by 
a  metallic  oxide,  via  kumida.  On  the  other 
hand,  hyposulphurous  acid  newly  disengaged 
from  the  hyposulphite  of  barytes,  by  dilute 
sulphuric  add,  readily  dissolved^  and  dcoom- 
posed  muriate  of  silver,  forming  a  sweet  sola, 
tion,  from  which  alcohol  separated  the  metal 
in  the  state  of  hyposulphite.  «« Thus  the 
affinity  between  this  add  and  base,  unasntted 
by  any  double  decompoiition^  is  such  as  to 
form  an  exception  to  all  the  ordinary  rules  o£ 
chemical  union."  This  add  has  a  remark- 
able tendency  to  form  double  salts  with  the 
oxides  of  silver  and  alkaline  bases.  The  hy- 
posulphite of  silver  and  soda  has  an  intensely 
sweet  taste.  When  hyposulpliite  of  ammonia 
is  poured  on  muriate  of  silver,  it  dissolves  it; 
snd  if  into  the  saturated  solution  alcohol  be 
poured,  a  white  salt  is  predpitated,  which 
roust  be  fordbly  squeezed  between  blotting 
paper,  and  dried  in  vacuo.  It  is  very  soluble 
in  water.  Its  sweetness  is  unmixed  with  any 
other  flavour,  and  so  intense  as  to  cause  pain 
in  the  throat.  One  grain  of  the  salt  commu- 
nicates a  perceptible  sweetness  to  32,000 
grains  of  water.  If  the  alcoholic  liquid  be 
evaporated,  thin  lengthened  hexangular  plates 
axe  sometimes  formed,  which  are  not  altered 
by  keeping,  and  consist  of  the  same  principles. 

The  best  way  of  obtaining  the  alkaline  hy- 
posulphites, is  to  pass  a  current  of  sulphurous 
add  gas  through  a  lixivium^  formed  by  boil- 
ing a  watery  solution  of  alkali,  or  alkaline 
earth,  along  with  sulphur.  The  whole  of  the 
sulphurous  add  is  converted  into  the  hypo* 
sulphite,  and  pure  sulphur,  unmixed  with  any 
sulphite,  is  precipitated,  while  the  hyposulphita 
remains  in  solution. 

Mr.  HesBchel,  from  his  experiments  on  ihe 
hjrj^osulphiie  of  lime,  has  deduced  the  prime 

Suivalent  of  hyposulphurous  add  to  be  59.25« 
e  found  that  100  parts  of  crystallized  hypo, 
sulphite  of  lime  were  equivalent  to  121.77 
hjrposu^hite  of  lead,  and  yiddcd  of  carbonate 
of  lime,  by  carbonate  of  ammonia,  a  quantity 
equivalent  to  21.76  gr.  of  lime.  Thcsefors 
the  theory  of  equivalent  ratios  gives  ns  this 
mis:— 

As  21.76  gr.  lime  are  to  its  prime  equiva- 
lent 3.6,  BO  are  121.77  p-  of  hyposulphite  of 
lead,  to  Um  prime  equivalent.     In  numbers 


21.75  :  a.6  :  :  121.77  :  10-6.  Fram  this 
number,  if  we  deduct  the  prime  of  the  oxide 
of  lead  =  14,  the  remainder  5.6  will  be  the 
double  prime  of  hyposulphurous  add.  Now 
this  number  does  not  materially  differ  from  6. 
Hence  we  see  that  the  hyposulphites,  for  thdr 
neutral  condition,  require  of  this  feeble  acid  2 
prime  proportions.  One  prime  proportion  of 
It  is  obviously  made  up  of  1  prime  of  sulphur 
=  2,  + 1  oxygen  =  1 ;  and  the  add  eani- 
valent  is  =  3.  The  crystallized  hyposulphite 
c^  lime  is  composed  of  0.  acid  4*  3^6  lime  -j- 
6.76  water,  behig  6  prunes  of  the  last  ooosti- 
tuent 

It  ought  to  be  stated,  that  when  a  sohition 
of  a  hyposulphite  is  boiled  down  to  a  certain 
degree  of  concentration,  it  begins  to  be  rMpidly 
decomposed,  with  the  deposition  of  sulphur 
and  sulphite  of  lime.  To  obtain  the  salt  in 
crystals,  the  solution  must  be  evaporated  at  a 
temperature  not  exceeding  140^  Fahr.  If  it 
be  then  filtered  while  hot,  it  will  yield,  on 
cooling,  large  and  exceedingly  beautiful  crya* 
tals,  whidi  assume  a  great  variety  of  compli- 
cated forms.  They  are  soluble  in  nearly  thdi 
own  weight  of  water  at  37^  Fahr.  and  the  tem- 
perature of  the  solution  falls  to  31^  Thespe. 
dfic  gravity  of  their  saturated  solution  at  909 
is  1.300;  and  when  it  is  1.114.  the  liquid 
contains  one-fifth  of  its  weight.  Theoyatab 
are  permanent  in  the  air. 

Hyposulphites  of  potash  and  soda  yield  de- 
liquescent crystals  of  a  bitter  taste,  and  both 
of  them  dissolve  muriate  of  sOver.  The  am- 
moniacal  salt  is  not  easily  procured  in  regular 
crvstak.  Its  taate  is  pungent  and  disagveeable. 
The  barytic  hyposulphite  is  insoluUe;  the 
strontitic  is  soluble  and  crystallizable.  Like 
the  other  hyposulphites,  it  dissolves  silver; 
and  while  its  own  taste  is  purely  bitter,  it  pro- 
duces  a  sweet  compound  with  muriate  of  diver, 
which  alcohol  dirows  down  in  a  ^rupy  form. 
Hyposulphite  of  magnesia  is  a  bitter  tasted, 
solable,  crystallisablie,  and  non-deUauesocnt 
salt.  All  the  hyposulphites  bum  wim  a  aul- 
pfaurous  flame.  The  sweetness  of  liquid  hy- 
IKMulphite  of  soda,  combined  with  muriate  of 
silver,  surpasses  honey  in  intend^,  diifnaiiig 
itself  over  the  whole  mouth  and  muoes  with* 
out  any  disagreeable  or  metallic  flavour.  A 
ooil  of  dnc  wire  speedily  separates  the  silver 
in  a  metaUie  state,  thus  affiyraioff  a  ready  ana- 
lysts of  muriate  of  silver.  Munate  of  lead  is 
Mso  sduble  in  the  hyposulphites,  but  lost  zea* 
dily. 

ACID  (HYPOSI7I<PHURIC>.  MM. 
Gay  Lussac  and  Wdther  have  nocntlj  an* 
noonoed  the  discoveiy  af  a  new  add  eoodbimu 
tion  of  sulphur  and  oxjigeB,  iDtcnaediate  be« 
tween  sulphurous  and  sul^hurle  adds,  to  which 
they  have  given  the  name  of  hypesnlphsrie 
acid.  It  is  obtained  by  passing  a  cnireDt  «f 
sulphumus  add  gas  ofcr  the  Uack  oxide  of 
manganese.  A  combination  takes  place;  the 
exeess  of  the  oxide  of  mtfigaDese  is  separated 
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b^  dBnolviiig  the  bypotnlplttce  of  1 
ia  water,  Caustle  barytes  precipitates  tlM 
nawganese,  and  forma  with  the  new  add  a 
very  sofaihk  salt,  which,  fined  from  excess  of 
hnytes  by  a  current  of  carbonic  add,  crystal. 
li»«  regnUriy,  like  the  nitibte  or  muriate  of 
barytei.  Hyp«eulphate  of  haiytes  being  that 
ebtaiiied,  sulpharic  add  is  caatiously  added 
to  the  idotioo,  which  throws  down  the  bary. 
tea,  and  leaves  the  hyposalphuric  add  iu  the 
water.  TUs  add  boos  considerable  ooncen. 
tratioD  under  die  reodTor  of  the  air-pmnp.  It 
ooojjstt  of  fite  parts  of  oxygen  to  four  of  sul* 
phar.  The  gnater  nwnber  of  the  hyposul* 
pliates,  both  earthy  and  metallic,  axe  soluble, 
and  crystallise;  those  of  barytes  and  Ume  are 
unalterable  in  the  air.  Suberic  add  and  chlo. 
line  do  not  decompose  the  barytic  salt.  The 
bamie  salt  in  crystals  conrists  of  barytes  9.75 
+  nyposulnhaxie  add  9.00  +  water  2.26  =: 

The  following  table  exhibits  the  composition 
of  the  diiAvent  add  compounds  of  sulphur  and 
oxygen;  — 

HyposaJphnfoiis  add,  30  suL  -(-  10  oxygen 
Sttlpfaumos  add,  10        + 10 

HypoBulpborie  add,        8        4-10 
Solpbnrie  add,  6|      +10 

Or  if  we  preftr  to  consider  the  quantity  of 
nlphv  in  each  add  as  =  2,  the  oxygen  com* 
bines  with  it  in  the  fbUowhig  proportions:.^ 
1;2;2.5;  3. 

Hyposniphiiric  add  is  distloguidied  by  the 
Mowing  jiBoperties  t^ 

lit,  It  IS  decomposed  by  heat  into  sulphur. 
SOS  and  solphnric  acids. 

9d,  It  forms  soluble  salts  with  barytes^  stron- 
liles,  Hme,  lead,  and  silyec 

3d,  The  hyposulphates  are  all  soluble. 

4di,  They  ^Id  snlphnions  add  when  thehr 
aie  mgzed  with  adds,  only  if  the 
I  hot  of  itsdf,  or  be  artificially 


6di,They  disepgage  a  great  deal  of  snL 
pbnoos  add  at  a  mffi  (emperatore,  and  ait 
SDQYcnsd  Into  neutral  sulphates. 

Befine  quitting  the  adds  of  sulphur,  it  dfr> 
SKves  to  be  mentioned,  that  Dr.  Gulds,  of 
PMs,has,bymeansofadiestorcase^  cidled 
Boela  Frnniytnite,  applied  the  vapour  of  bum* 
i^  sBlplinr,  or  sttlpburous  ado  gas,  mixed 
vih  air,  ID  the  sorfros  of  the  body,  as  an  air 
bath,  with  jpest  adTantaoe,  m  many  chronic 
dbeaaas  of  £c  skin,  the  jomts,  the  glandi,  and 
Die  lymDiMitic  syitfim     Sffo  Salt. 

ACro  (SULPHO-NAPHTHALIC). 
Hr.  Ttiadtj  eomnmnlcated  a  p«p»,  m  1828, 
IS  the  Boyal  Sodety,  to  show  that  during  the 
mtnal  action  of  siUphniie  acid  and  naphtha- 
line, aoorapovad  of  that  add  widi  hydm^bon 
is  fcmied,  difRring  from  all  known  substaooss^ 
~ '  h  pemesBhig  add  properties,  and 
:  wm  ssHfiabls  bases  to  produce  a 
I  oC  saUs,  has  been  distlngiiishfd 
acfeMWw-aifliAidkidL    Lettwopacts 


of  mqihthsline  and  one  part  of  ^ncentratcd 
sulphuric  add  be  iotioduced  into  a  flask,  raise 
Uie  temperature  till  the  naphthaline  rndts,  and 
agitate.  Combination  is  effected,  and,  after 
cooling,  two  substances  are  found,  both  in  the 
solid  state.  The  lighter  is  naphthaline,  con. 
taining  a  little  of  the  peculiar  add.  The 
lower  and  heavier  is  also  crystalline,  but  softer 
than  the  upper.  It  is  red,  of  an  add  bitter 
taste,  absorbs  moisture  ftom  the  air,  and  con. 
siats  ^ffindpally  of  the  hydmted  peculiar  add, 
contaming  some  uncombined  napnthaline.  It 
is  distinguished  as  the  impure  solid  odd.  On 
robbhig  this  with  native  carbonate  of  barytes 
in  a  mortar,  a  soluble  barvtic  salt  was  ob- 
tained. To  tile  solution  of  this  salt,  sulphuric 
add  was  carefully  added  just  in  quantity  suf- 
fident  to  predpitate  the  barytes;  and  after 
filtration  a  pure  aqueous  idutioo  of  the  new 
B/ad  was  obtained.  This  solution  is  bitter, 
add,  powerfully  reddening  vegeuble  blues, 
mwtTnfidng  bases,  but  not  predpitatiog  bary. 
tea  or  lead  from  thdr  salts.  When  carefuUy 
evaporated  in  vocuo,  it  afibrds  a  white,  solid, 
crystidline  add,  deliquesdog  in  the  air.  It 
melts  at  213<»  Fahr.  and  OTStallizes  on  cool- 
ing. Its  salts  sn  soluble  in  water  and  alcohol. 
Tnat  of  barvtes  is  composed  of  an  atom  of 
barytes,  2  of  sulphuric  add,  20  of  charcoal, 
and  8  of  hydroeen.  Its  saturating  power  is 
equal  to  one  huif  that  of  its  sulphuric  acid. 

ACID  (6ULPHOVINIC).  SalU  called 
sulphovinates  were  first  noticed  about  the  year 
1800  by  M.  Debit,  and  afterwards  treated  of 
by  M.  Vogel;  but  their  nature  was  never 
asoertained  till  Mr.  Hennel  made  his  investi. 
gations  lately  on  the  subject  The  sulpho- 
vinates are  readily  prepared  by  mixing  equal 
weights  of  sulphuric  add  and  aloohd;  allow- 
ing the  mixture  to  remam  for  half  an  hour, 
then  adding  osrhonate  of  lead  equal  in  weight 
to  that  of  the  sulphuric  add  first  used,  and, 
filtering,  little  dse  than  sulphovinic  add  is 
left  in  solution.  This  combined  with  bases 
ftnnlshcs  salts,  which  may  be  rendered  pure 
by  erystsllisation.  Sulphovinic  add,  accord- 
ing to  Mr.  Hennel,  consists  of  two  atoms  of 
amphoric  add,  four  of  hydiom,  and  four  of 
carbon;  and  this  compound  add  combhies 
with  one  atom  of  potash  to  form  sulphovinate 
of  potadi.  The  vegetable  part  of  the  add  ia 
therefore  defiant  gas.  Oil  of  wine  and  sulpho- 
vinic add  seem  to  be  identicaL  PhiL  Traut, 
1826.  Part  3.    See  Oil.  or  Wime. 

ACID  (TABTARIC).  The  casks  in 
which  some  kinds  of  wine  are  kept  become  hi- 
ixusted  with  a  hard  substsnce,  tinged  with  the 
colouring  matter  of  the  wine,  and  otherwise 
impure,  which  has  long  been  known  by  the 
name  of  ami,  or  tartar,  and  distingiUshed 
iBto  red  and  white,  according  to  its  cobur. 
TUs  being  purified  was  tetmed  cream,  as  eryt- 
tab  qf  tartar.  It  was  afterwards  discovered, 
that  it  eoosisted  of  a  peculiar  acid  combined 
with  potash;  and  the  supposition  that  it  was 
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fonned  dating  the  feimentatioii  of  the  wine 
wa«  disproted  by  Boerhasve^  Neuman,  and 
othcn,  who  showed  that  it  existed  ready  formed 
in  {be  joiceof  the  grape.  It  has  likewise  been 
found  in  o^er  froits,  particularly  before  they 
are  too  ripe;  and  in  the  tamarind,  sumac, 
balm,  caidttUB  benedictus,  and  the  roots  of 
resthanow,  gennander,  and  sage.  The  separa- 
tion of  tartaric  add  from  this  acidulous  salt  is 
the  first  disooreiy  of  Schede  that  is  known. 
He  saturated  the  superfluous  add,  by  adding 
chalk  to  at  solution  of  the  supertartiate  in  boilins 
water  as  long  as  any  efierresoence  ensued,  and 
espdled  the  add  from  the  predpitated  tartrate 
of  lime  by  means  of  the  sulphuric  Or  four 
parts  of  tartar  may  be  boiled  in  twenty  or 
twenty-four  of  water,  and  one  part  of  sulphu- 
ric acid  added  graduallj.  Bjr  oontinaing  the 
boiling,  the  sulphate  of  potash  will  fall  down. 
When  the  liquor  is'  reduced  to  one-hali^  it  is 
to  be  filtered ;  and  if  any  more  sulphate  be 
deposited  by  continuiogthe  boiUog,  tne  filter- 
ing must  be  repeated.  When  no  more  is  thrown 
down,  the  liquor  is  to  be  evaporated  to  the  con- 
tistence  of  a  syrup ;  and  thus  crystals  of  im- 
pure tartaric  aicid,  equal  to  half  Uie  weight  of 
the  tartar  employed,  will  be  obtained. 

Tartaric  acid  may  be  procured  by  careful 
evaporation  in  large  crystals,  whidi,  when  in- 
sulated, are  found  to  be  hezaedralprisms, 
with  foces  parallel,  two  and  two.  The  four 
angles  which  are  most  obtuse  are  equal  to  one 
another,  measuring  eadi  129®;  the  two  re- 
maining ones  are  abo  equal,  and  measure  102*. 
The  prism  is  terminate  by  a  three-sided  py- 
ramid, the  inclinations  of  whose  faces  are  102.5, 
122®,  and  12do.  The  prisms  are  sometimes 
much  compreased  in  a  direction  parallel  to  the 
axis.  This  takes  place  when  the  acid  has  been 
very  slowly  crystidlized  by  evaporating  a  so- 
lution of  it  Its  taste  is  very  add  and  agree- 
able, so  that  it  may  snwly  the  place  of  lemon- 
juice.  It  is  very  soluUe  in  water.  Burnt  in 
an  open  fire,  it  leaves  a  coaly  residuum ;  in 
close  vessds  it  gives  out  carbonic  add  and  car- 
buretted  hydrogen  gas.  By  distilling  nitric 
add  off  the  crystals,  they  may  be  converted 
into  oxalic  ado,  and  the  nitric  add  passes  to 
the  state  of  nitrous. 

To  extract  the  whole  add  from  tartar,  M. 
Thenard  recommends,  after  saturating  the  re- 
-dundant  add  with  chalk,  to  add  muriate  of 
Ume  to  the  supernatant  neutral  tartrate,  by 
which  means  it  is  oomnletdy  decomposed. 
The  insoluble  tartrate  of  lime  being  washed 
with  abundance  of  water,  is  then  to  be  treated 
with  three-fifths  of  its  wdght  of  strong  sul- 
phuric acid,  diluted  previously  with  Bye  parts 
of  water.  But  Foureroy*s  process,  as  im. 
proved  by  Vauquelin,  seems  chener.  Tartar 
to  treated  with  quicklime  and  boifing  water  in 
the  proportion,  by  the  theory  of  equivalents,  of 
100  of  tartar  to  30  of  dry  lime,  or  40  of  the 
alaked.  A  caiisdc  magma  is  obtafaied,  which 
must  be  evaporated  to  dryneBs,  and  gttUy 


healed.  On'digestmg  this  in  water,  a  solutton 
of  caustic  potash  is  obtained,  whfle  tartrate  of 
lime  remains;  from  which  the  add  may  be 
separated  by  die  equivalent  quantity  of  oil  of 
vltrioL 

According  to  Berzellus,  tartaric  add  is  a 
compound  of  3.807  hydrogen  +  35.980  car- 
bon -f-  60.213  oxygen  =  100 ;  to  which  result 
he  shows  that  of  M.  Gay  Lussac  and  Thenard 
to  correspond,  when  allowance  is  made  for  a 
certain  portion  of  water,  which  th^  had  omit- 
ted  to  estimate.  The  analysis  of  tartrate  of 
lead,  gives  8.384  for  the  add  prime  equiva^ 
lent;  and  it  may  be  made  up  of 

3  hydrogen     =  0.375  448 

4  carbon  =  3.000        35.82 

5  oxygen        =  5.000        59.70 


8.375       100.00 
The  crystallized  add  is  a  compound  of  8.375 
add  -H  1.126  water  =  9.5;  or  in  100  parts 
88.15  add  +  11.85  water. 

The  prime  equivalent  of  tartaric  add  in 
crystals  is,  by  my  results,  9.25 ;  and  it  seems 
made  up  of  carbon  4  atoms  =  3  -|-  hydrogen 
2  atoms  =  0.25  +  oxygen  6=6;  or  of  car- 
bon  4  atoms,  oxygen  4  atoms,  and  water  2. 
These  atoms  of  water  enter  into  dry  tartrate 
of  lead ;  and  hence  the  crystals  of  add  con- 
tain no  water  unessential  to  their  constitution. 
PhiL  Tram,  1822. 

Mr.  Rose  has  shown,  that  tartaric  add  has 
8  peculiar  influence  in  several  cases  of  chemical 
analysis.  When  a  solution  of  red  oxide  of  iron 
is  mixed  with  tartaric  add,  the  oxide  can  be 
predpitated  neither  by  caustic  alkalis,  nor  by 
their  carbonates  or  succinates ;  but  tincture  of 
galls,  triple  prussiate  of  potash,  and  alkaline 
hydroBulphurets,  show  the  presence  of  iron  in 
such  a  solution.  The  same  thing  is  true  of 
the  oxides  of  titanium,  manganese,  cerium^ 
yttrium,  cobalt,  and  nickd,  as  well  as  with 
alumina  and  magnesia.  Solution  of  proto. 
sulphate  of  iron  with  tartaric  add  Is  merely 
rendered  intensely  green  by  ammonia,  and 
changes  after  long  standing  in  the  air  to  a 
yellow  ookmred  suutioD,  wmdi  contains  iron. 

The  oxide  of  lead  likewise  la  not  sepaahlo 
by  alkalis  when  its  solutidn  baa  been  treated 
with  so  much  nitric  add  that  no  tartrate  of 
lead  can  precipitate.  Oxides  of  tin  and  cop- 
per fall  under  the  same  head.  Lastly,  oodoe 
of  antimony,  when  its  solution  in  an  add  is 
mixed  with  the  tartaric,  resists  both  alkalis 
and  the  most  copious  dilutioa  with  water. 
Thus,  oxide  of  bismath  may  be  separated 
fhM  oxide  of  antimony;  for  the  former  re- 
sists the  influence  of  tartaric  add.  Mwiate 
of  platinum,  the  oxides  of  silver,  dnc,  and 
uranium,  are  not  altered  by  tartaric  add..— 
Gilberfi  Ann.  Ixxiii.  74. 

The  tartrates  in  their  decomposition  by  file 
comport  themMlves  like  all  tne  other  yege- 
table  salts,  except  that  those  with  excess  of 
add  yield  the  amdl  of  caromrl  when  heated, 
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«d  wSftd  a  OBKtma  quantity  of  the  pyiQtartaric 
moL  An  the  tolable  neatnl  tartnUcB  forai, 
whh  tartaric  add,  bitaztiates  of  sparing  aolubi- 
li^;  while  all  the  inaoluble  tartrates  may  be  dis- 
aolml  ID  an  ezoesa  of  tfadr  add.  Hence,  by 
poniog  gradually  an  exceia  of  add  into  ba- 
lytes,  stnniitea,  and  lime  waters,  the  pre- 
c^tatea  fbnned  at  first  cannot  fafl  to  ditt^ 
pear ;  while  thoae  obtained  by  an  exoesa  of 
the  sme  add,  added  to  oonoentrated  sohidona 
of  potash,  eoda,  or  ammonia,  and  the  neutral 
tartiates  of  these  baaes  as  well  as  of  magnesia 
and  oopptf,  must  be  permanent.  Tlie  first 
sre  always  floocnlent ;  the  aeoond  always  crys- 
taffine;  that  of  eo{^«r  alone,  is  in  agieenisL. 
white  powder.  It  likewise  fidlows,  that  the' 
gnatcr  number  of  adda  ought  to  disturb  the 
aolntiona  of  the  alkaline  neutral  tartratea,  be- 
cause  they  transfbnn  these  salts  into  bitartretes ; 
and  on  the  contrary  they  oug^t  to  afiect  the 
aolntkn  of  the  neutral  insoluble  tartrates,  whidi 
indeed  always  happena,  unless  die  add  csnnot 
dissolve  the  base  of  the  tartrste.  The  order 
of  apparent  afinities  of  tartaric  add  are^  lune, 
baiytes,  stxentiles,  potash,  soda,  ammonia,  and 


!  tartrates  of  potash,  soda,  and  amOMV 
aia,  are  not  only  susceptible  of  combining  to- 
getba>  but  also  with  the  other  tartrates,  so  as 
to  fiirm  douUe  or  triple  salts.  We  may  thus 
easily  concave  why  the  tartrates  of  potash, 
soda»  and  ammonia,  do  not  disturb  the  so- 
lutiooa  of  iron  and  manganese ;  and  on  the 
other  hand,  disturb  the  sohitions  of  the  salts 
of  barytea,  stiantiies,  lime,  and  lead.  In  the 
fint  caae,  double  sdts  are  formed,  however 
small  a  quantity  of  tartrate  shall  have  been 
employed;  in  the  second,  no  double  salt  is 
formed,  unless  the  tartrate  be  added  in  very 
great  excess. 

Tbe  tartrates  of  lime  and  barytes  are  white, 
pulverulent,  and  insoluble. 

Tartrate  of  strontian,  formed  by  the  double 
decompoaition  of  muriate  of  strontian  and  tar- 
trate of  potash,  according  |o  Vaaquelin,  is 
soluble,  crystallixable,  and  consists  of  52.88 
strontian  and  47.12  acid. 

That  of  magnesia  forms  a  gelatinous  or 
gammy  masa. 

Tartrate  of  potash,  formerly  called  toltihU 
tartar^  because  much  more  so  than  the  super, 
lartrate,  crystallixes  in  oblong  squares,  bevdled 
at  the  extremities.  It  has  a  bitterldi  tsate, 
and  is  decomposed  by  heat,  as  its  solution  is 
erea  by  standing  some  time.  It  is  used  as  a 
mild  purgative. 

The  supertsrtrate  of  potash,  already  men- 
tioxicd  at  die  beginning  of  this  artide,  is  mudi 
used  as  a  cooling  uid  gently  opening  medidne* 
tt  well  as  in  several  cfaemicU  and  pbarma- 
oeutiGBl  preparations.  Mixed  with  sn  equal 
weightof  nitre,  and  projected  into  a  red-hot 
cnidUe,  It  detonates,  and  forms  the  white 
fiu;  treated  in  tbe  same  way  with  half  iu 
veight  of  nitxe,  it  Icnnns  the  biack  Jlux  ,*  and 


ffanply  mixed  with  nitre  in  vaiions  proportiooa, 
it  is  called  raw  Jbix.  It  is  likenose  used  in 
dyeing,  in  hat-msking,  in  gOding,  and  in 
odier  arts. 

The  blanching  of  the  crude  tartar  is  aided 
by  bdUng  its  solutioo  with  ^  of  pipe  day. 

According  to  the  analysis  of  BeraeUus,  it 
oondsto  of  70.45  add  +  24.8  potash  +  4.75 
or  =  100;  or 

2  prfanes  add,      r=  1«.75        70.30 
1  potash,  =    6.95        24.95 

1  water,    =    1.125        4.75 


100.00 

00  parts  of  water  dissolve  4  of  bttartrate  at  a 
boiling  heat ;  and  only  1  at  00»  Fahr.  It  is 
quite  insduhle  In  aloahoL  It  becomes  very 
soluble  in  water,  by  ad^ng  to  it  one-fiAfa  of 
its  wdf^t  of  borax ;  or  even  by  the  addition 
of  borade  add.  It  appears  by  JBerzelius,  that 
neutral  tartrate  of  potash,  dried  in  the  sun, 
difiers  from  the  bitartrate.  In  containing  no 
water  of  crystallization.  He  states  it  to  be  a 
compound  of  5&09  add  +  41^1  potash  = 
100 ;  which  sfford  155.7  tartrate  of  lead.  Now, 
8.375  :  5.95  : :  58.5  :  4L5 ;  whidi  are  the 
equivalent  proportions. 

On  considering  the  great  solvent  property  of 
cream  of  tartar»  and  that  it  is  even  capable  of 
dissolving  various  oxides,  which  are  insoluble 
in  tartaric  add,  as  the  protoxide  of  antimony, 
II.  Qay  Lussac  has  recommended  itas  a  use- 
ful agent  in  chemical  aiuQysis.  He  thinks 
that  in  many  esses  it  acts  Jthe  part  of  a  single 
add.  According  to  this\iew,  tartar  emetic 
would  be  a  compound  of  the  cream-  tartar  add, 
and  protoxide  of  antimony.  Cream  of  tartar 
generally  contains  from  3  to  5  per  cent  of  tar- 
trate of  lime,  which  are  in  a  great  measure 
s^fMUBted  when  8  parts  of  tartar  are  boiled 
with  1  of  borax  for  a  few  minutes  in  a  suffi- 
dent  quantity  of  water.  The  soluble  cream 
of  tartar  which  is  obtained  by  this  process,  is 
ddiqnescent;  it  dissolves  in  its  own  weight  of 
boiling  water,  at  54.5°,  and.  in  half  its  weight 
of  boiling  water.  Its  solution  is  very  imper- 
fectly decomposed  by  the  sulphuric,  nitric,  and 
muriatic  adds.  4  parts  of  tartar  and  1  of  bo- 
rade add  form  a  permanent  saline  compound, 
very  soluble  in  w^ter.  Alum  also  inoeoses 
the  solubility  of  tartar. 

By  saturating  the  supeifiuous  add  in  this 
supertartrate  with  soda,  a  triple  salt  is  formed, 
which  crystallizes  in  larger  regular  prisms  of 
dght  nearly  coual  sides,  of  a  bitter  taste,  efflo- 
rescent,  and  soluble  in  about  five  parts  of  water. 
It  consists,  according  to  Vauqudin,  of  54 
parts  tartrate  of  potash  and  46  tartrate  of  soda  ; 
and  was  once  in  much  repute  as  a  purgative 
by  the  name  of  Rochelle  Salt  or  tel  de  Seigm 
nefU. 

The  tartrate  of  soda  is  much  less  soluble 
than  this  triple  salt,  and  crystallizes  in  dander 
needles  or  thin  plates. 

The  taitrate  of  ammonia  is  a  very  soluble) 
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Utter  gah,  and  crfStaHinseuity.  Its  solution 
is  spontaneoutly  decomposable. 

This  too  forms,  with  tartrate  of  potash,  a 
triple  salt,  the  solution  of  which  yields,  by 
cooling,  fine  pyramidal  or  prismatic  efflores- 
cent crystals.  Though  both  the  neutral  salts 
that  compose  it  are  bitter,  this  is  not,  but  has 
a  cooling  taste.    See  Balt, 

M.  Fabroni  says,  that  sulphuric  add  being 
mixed  with  three  parts  of  boiling  water  and 
cream  of  tartar  in  excess,  gives  a  fluid  which, 
after  being  evaporated,  oo^ed,  and  allowtd  to 
deposit  undeooraposed  tartar,  sulphate  of  pot- 
ash, ftc.  wfll  not  furnish  any  other  deposit, 
and  resembles  oil  in  its  appousnoe.  When 
fiirther  evaporated  to  the  consistence  of  syrup, 
and  again  cooled,  it  solidifies  in  a  mass  com- 
posed  of  imperfect  prismatic  cijrstals,  which 
when  diy  have  something  the  appearance  of 
camphor.  It  dissolves  rapidly  in  water,  but 
in  alcohol  yields  its  tartaric  add,  while  add 
sulphate  of  potash  is  left.  On  analysis  it  gave 
72  tartaric  add,  and  28  sulphate  of  potash. 
Gior.  de  FMca^  vL  453. 

ACID 
nitilite 

potash,  dissolving  the  compound  in  muriatic 
add,  precipitating  by  caustic  ammonia,  digest- 
lag  the  predpitate  for  a  certahi  time  with  hy- 
dnaulphuret  of  ammonia,  and  then  digestinff 
the  solid  matter  left  in  weak  muriatic  adc^ 
Mr.  Rose  obtains  a  pedectiy  white  oxide  of 
titanium,  whidi  is  not  attacked  by  adds,  but 
which  becomes  red  by  toudiing  nnoistened 
litmus.  As  it  acts  widi  alkalis  precisely  as  an 
add,  Mr.  Rose  calls  it  titanic  add. 

It  is  said  to  consist  of  titanium  G6.05 
oxygen    S3.95 ; 
Whence  if,  like  the  other  metallic  adds,  this  be 
supposed  to  contain  3  atoms  of  oxygen,  the 
atomic  weight  of  the  metal  will  be  6.83,  or 
possfldyfi. 

Add  titanate  of  potash  condsts  of, 
titanic  add    .    .    83.83  >,^^ 
potash      .    .    .    17.77  r^- 

Add  titanate  of  soda, 
titanic  add    .    • 


IDrXITANIC).  Bvfudng  powdered 
!  wim  thrice  its  wdgtit  of  carbonate  of 


soda 

Sulpho-titanic  add 
titanic  add    • 

^  sulphuric  acid 
*  water  .     .     . 


of, 
78.67) 
787  MOO. 
16.88) 


Oxalo-titanic  add  of;  titanic  add  741 ; 
oxalic  add  10.4 ;  water  16.6. 

Sulphuret  of  titanium  consists  of  titanium 
40.17;  sulphur 6083. 

Protodiloride  of  titanium  consbts  of  tita- 
nium 8;  dilorine  3.6. 

Perchloride  of  titanium  condsts  of  titanium 
8.68;  chlorine  7.04. 

Annalei  de  Chim.  xxiii.  363.  AnnaU  of 
PML  N.  8.  ix.  18, 

ACID  (TUNGSTOUS).  What  has  been 
thus  called  appears  to  be  an  oxide  of  Tu  iro- 
aT£ir. 


ACID  (TUN08T1C)  has  been  found  «blf 
in  two  minerals;  ime  of  whidi,  formerly  called 
tungsten,  is  a  tongstate  of  lime,  and  is  very 
rare ;  the  other  more  common,  i»  composed  of 
iungstic  add,  oxide  of  iron,  and  a  little  oxide 
of  manganese.  The  add  is  separated  from  the 
latter  in  the  following  way.  The  wolfram 
deaied  from  its  silioeons  gangue^  and  pul* 
veiised,  is  heated  in  ft  matrass  with  fLvt  or  air 
times  its  wdght  of  muriatic  add,  for  half  an 
hour.  The  oxides  of  iron  and  manganese  be- 
ing thus  dissolved,  we  obtain  the  tungsttc  add 
ui^er  the  form  of  a  yellow  powder.  After 
washing  it  repeatedly  with  water,  it  is  then 
digested  in  an  excess  of  liquid  ammotiia, 
heated,  whidi  dissolves  it  oompletdy.  The 
Uqnor  is  filtered  and  evaporated  to  dryness  ia 
a  capsule.  The  dry  residue  being  ignited,  die 
ammonia  flies  ofi;  and  pure  tungstic  acid  le. 
nudna.  If  the  whole  of  the  w<dfram  has  not 
been  decomposed  in  this  operation,  it  most  be 
subjected  to  die  muriatic  add  again. 

It  is  tastdess,  and  does  not  mxt  veoetable 
ookmrs.  The  tnngstates  of  the  alkaus  and 
magnesia  are  soluble  and  crystaUisable  9  the 
other  earthy  ones  are  insoluble,  as  well  as  those 
of  the  metallic  oxides.  The  add  is  eompooed 
of  100  paru  metaUk  tungaten,  and  26  or  36.4 
oxygen. 

ACID  (URIC).  The  same  widi  Lithio 
Acid;  which  see. 

ACID  (ZOONIC).  In  die  liquid  pro. 
owed  by  distiUatkn  from  animal  substanosa, 
which  had  been  supposed  to  contain  only  car- 
bonate of  ammonia  and  an  oil,  BerthoHet  ima. 
gined  he  had  disoDvered  a  peculiar  add,  to 
which  he  cave  the  name  of  soonic.  Thenard, 
however,  has  demonstrated  that  it  b  mevdy 
aoedc  add  combined  with  animal  matter. 

ACIDIFIABLE.  Capable  of  bdng  oon- 
verted  into  an  add  by  an  addifying  prindple. 
(See  Acid.)  Substances  possessing  this  pro* 
party  are  called  radicalt^  or  acidijiabk  ftsMt. 

ACIDIFYING  PRINCIPLE.  See  n». 
marks  on  this  subject,  in  die  gencal  axtide 
Acid. 

ACIDIMETRY.  The  measurement  of 
the  strength  of  adds.  This  is  efikted  by  sa. 
turatmg  a  given  weight  of  them  with  an  alka- 
line base ;  the  quandty  of  which  requisite  for 
the  purpose  i«  the  measure  of  their  power. 

ACIDULE.  A  term  applied  by  the  French 
dienists  to  those  salts  in  which  the  base  is 
eombmed  with  -audi  an  excess  of  add,  that 
they  manifestly  exhibit  add  properdes;  sudi 
as  the  supertartrate  of  notaslL 

ACONITA.  A  poisonous  vegetable  prhu 
dple,  probably  alkaline,  supposed  to  exist  in 
the  aeotntttm  napelhU,  or  wolfsbane.  In  some 
Briddi  journals  it  is  slated  that  Mr.  Brandee 
had  procured  this  alkaline  prindple.  But  I 
observe  in  his  translation  of  mv  Dicdonary 
into  the  German  language,  that  be  refers  the 
point  to  the  researdKa  of  M.  Feschier  of 
Ofipeva,  who  has  not  hitherto  made  it  di** 
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mUBtOf  out.  Bnefaob  aMiyied  tbe  hob  aco- 
fliie,  and  fomid  the  following  eoDsdtoento  in 
29oancM:  ob    dr.  gr. 

Water  and  Toialile  matter   •    .  16      6      0 

1      3      0 

0       1     60 

VeBeiBble  afiHunen  (PJUuaenH. 

»ci«») 0      3    65 

Bxtiactive  vith  ▼aiiout  aealatet 

*iuiaBj  Utter 0      6      0 

MaiaienddttateofUine  f    .     0      I    66 


20     2    30 

Tha  diidlled  water  of  acmiile,  dumgh  iindl. 

ing  lank  of  the  pknt,  if  not  poiMBoiis.    Tbe 

nadooaprindiileiathenfoieDotTolatile.  The 

details  of  tlie  analyns  hare  not  Nacfaed  tUa 


AGE08PIRE.  The  jiliimtffaig  that  part 
of  die  cBhiyoD  of  a  plant  destined  to  become 
the  stem,  and  which  beaia  the  ootylidoos.  Ao- 
ocMdiK  to  Giev,  the  acrocpive  is  the  ^/aijMiib 
of  baricf  defdoped  by  germination.    It  is 


ACTINOLITE.  iSkmMifda  of  Werner. 
AmfiOMe  AeOmaU  hexMte  of  Haay.  Then 
an  dMe  varieties  of  this  mineml ;  the  ory». 
taUaed;  the  a&beOouM^  snd  the  ^lnMy. 

liC,  Oyttalliaed  actioolitb  Goioar  leeli- 
gien,  and  green  of  dsrlcer  shadeg.  It  crys- 
tdiaes  fa  kog  obUqoe  hezaednd  prisms, 
vidi  imgnlar  terminations.  Cryetds  fro- 
qnmtly  itriated  lengthwise,  Mmctimes  adcu- 
In^  Itt  loatre  is  daining.  It  is  txansluoem. 
Ottaoonally  it  is  found  in  sill^  fibres.  Itssp. 
gr.  fvies  £rom  3.0  to  8.3.  Fracmre  nsnaUy 
ndiaicd ;  aometimes  it  is  foliated  with  an  io- 
distinet  twofold  deamge.    It  scratdies  glsis. 

Sd,  Asbestoos  actinofite.  Colours  green, 
vogiog  oo  grey  and  blown,  and  smalt-blue. 
Maenre  and  in  elastie  capilUry  crystals,  wliich 
aie  grouped  in  wedge-shaped,  radiated,  orpvo- 
nnseuoos  masses.  Internal  lustre  pearly.  Melts 
bcfoee  the  blowpipe  into  a  dark  glass.  Fiacmre 
imanisdiace  between  fibrous  m.  narrow  nu 
dieted.  Fragments  wedg^sbaped.  Opaque. 
Soft.    Toogh  but  sectile.    Sp.  gr.2.7to2.0. 

Sd|  Giassy  aciinolite.  Goloun,  mountain- 
green,  and  eroeiald-gieen.  In  thin  six-sided 
needl^orm  crystals.  Haa  cnss  rents.  Sp. 
gr.  tem  3.0  to  3.2.  The  composition  of 
actinoiiieis  Tory  differently  stated  by  dHierent 
aoalysts.  Laugier*s  results  with  glas^  ao- 
tiaohte  are  the  (Slowing,  and  they  approzimate 
to  those  of  VauquelJn  on  asbestons  actinolite ; 
■fioB  60,  lime  0.75,  mi^esia  19.25,  oxide  of 
ben  11,  aiaminaO.76,  omde  of  manganese  0.6, 
ei&ie  Of  chromium  3,  potash  0.5,  moisture  6, 
]snOL26.  3a2ofahmiinaandaa4oftung. 
sHe  edd  were  found  in  100  parts  of  aabestoos 
scoDflnle  OQBi  ComwalL 

Actlnotite  ia  found  dnefly  in  primitive  dis- 
iiiols,  with  a  maipesian  basis.  It  aeoompanies 
fslc^ndsoimmicaeeowiodUi   Icsprhicipal 


localities  are  ZOlerthal,  in  the  Tyrol,  MontSt. 
Gothard,  near  Saittbarg,  in  Saxony ;  in  Nor- 
way, and  in  Piedmont  In  Great  Britain,  it  is 
found  in  Cornwall  and  Wales;  and  in  Glen 
Elg^  the  isles  of  Lewis  and  Sky.  It  is  never 
found  in  secondary  mountains. 
ADAMANT.  See  Diamomd. 
ADHESION.  See  Cohesiok. 
ADHESIVE  SLATE.  See  Si-ate. 
ADIPOCERE.  Theattentionofdiemists 
lias  been  much  excited  by  the  spontaneous  con- 
version of  animal  matter  into  a  subsianoe 
considerably  resembling  spennaceti.  The  fact 
has  long  been  well  known,  and  is  said  to  have 
been  mentioned  in  tile  works  of  Lord  Bacon, 
though  I  have  not  seen  the  passage.  On  the 
occasion  of  the  removal  of  a  very  great  number 
of  human  bodies  fimn  the  ancient  bur3ing. 
pkcedesInnooeosatPazia,  focts  of  this  nature 
were  observed  in  tbe  most  striking  msnner. 
Foarcroy  may  be  called  the  sdentiiic  discoverer 
of  this  peculiar  matter,  as  well  as  the  sapo. 
naeeous  anmuniacal  substance  contained. in 
bodies  abandoned  to  spontaneous  destruction 
in  large  masses.  This  chemist  read  a  memoir 
on  tbe  subject  in  the  year  1789  to  the  Royal 
Academy  of  Sciences,  finim  wliich  I  shall  ab- 
stract the  general  contents. 

At  the  time  of  desring  the  before  men« 
tinned  burying-plaee,  certain  phikMophers  were 
specially  charged  to  direct  the  precautions  re- 
quisite for  securing  the  health  of  tbe  workmen. 
A  new  and  slDgolar  objt<ct  of  research  pre- 
sented itself,  which  had  been  necessarily 
unknown  to  preceding  chemists.  It  was  im- 
possible to  foretell  wliat  might  be  theeontenu 
of  a  soil  overloaded  for  successive  ages  with 
bodifss  resigned  to  tbe  putrefactive  procsss. 
This  spot  differed  from  common  buiying- 
gronnds,  where  each  individual  object  is  sur- 
rounded by  a  portion  of  the  soil.  It  was  the 
buiying-ground  of  a  large  district,  wherein 
Booocssive  generations  iiS  the  inhabitants  had 
been  deposited  for  upwards  of  three  centuries- 
It  could  not  be  foreseen  that  the  entire  de- 
composition might  be  retarded  for  more  than 
forty  years ;  neither  was  there  any  reason  to 
suspect  that  any  remarkable  diftlreiioe  wouU 
arise  from  the  singularity  of  situation. 

Tlierenuunsof  the  human  bodies  immersed 
in  this  mass  of  putrescence  were  found  in 
three  different  states,  according  to  the  time 
they  had  been  buried,  tbe  place  they  occupied, 
and  their  relative  situations  with  regard  to 
each  oUier.  The  most  ancient  were  simply 
portions  of  bones,  irregularly  diKf<ersed  in  the 
soil,  which  had  been  frequently  disturbed.  A 
second  state,  in  certain  bodies  whidi  had  alwajs 
been  insulated,  exlubited  the  skin,  tlie  muscleB, 
tendons,  and  aponeuroses,  dry,  briiile,  hard, 
more  or  less  grey,  and  similar  to  what  are 
called  mummies  in  certain  caverns  where  this 
change  has  been  observed,  as  in  the  catacombs 
at  Rome,  and  the  vault  of  the  Cordeliers  at 
Tholouse. 
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The  third  and  most  ringular  state  of  thete 
soft  ports  was  observed  in  the  bodies  which 
filled  the  commoo  graves  or  repositories.  By 
this  appellation  are  understood  cavities  of  thim 
feet  in  depth,  and  twenty  on  each  side,  which 
were  dug  In  the  buiying-gronnd  of  the  Inno- 
cenu,  and  were  appropriated  to  contain  the 
bodies  of  the  poor ;  which  were  placed  iti  very 
close  rows,  each  in  its  proper  wooden  bier. 
The  necessity  for  disposing  a  great  number^ 
obliged  the  men  charged  with  tins  employment 
to  arrange  them  so  near  each  other,  that  these 
cavities  might  be  considered  when  filled  as  an 
entire  mass  of  human  bodies  separated  only  by 
two  planks  of  about  half  an  indi  thick.  Each 
cavity  contained  between  one  thousand  and 
fifteen  hundred.  When  one  common  grave  of 
•  this  magnitude  was  filled,  a  covering  of  about 
cue  foot  deep  of  earth  was  laid  upon  it,  and 
another  excavation  of  the  same  sort  was  made 
at  some  distance.  £ach  grave  remained  open 
ftboot  three  years,  whidk  was  the  time  re- 
quired to  fill  it.  According  to  the  uigencyof 
circumstances,  the  graves  were  again  made  on 
the  same  spot  after  an  interval  of  time,  not  less 
than  fifteen  vears,  nor  more  than  thbriy.  Ex- 
perience had  taught  the  workmen,  that  this 
time  was  not  sufiicieot  for  the  entire  destruction 
of  the  bodies,  and  had  shown  them  the  pro- 
gressive changes  which  form  the  object  of  M. 
Fourcroy's  memoir. 

The  first  of  these  large  grav^  opened  in  the 
presenee  of  this  diemist  had  been  dosed  for 
fifteen  years.  The  coffins  were  in  good  pre> 
serration,  but  a  little  settled^  and  the  wood 
(I  suppose  deal)  had  a  yellow  tinge.  When 
the  covers  of  several  were  taken  ofi^,  the  bodies 
were  observed  at  the  bottom,  leaving  a  con- 
'  aiderable  distance  between  their  surface  and 
the  cover,  and  flattened  as  if  they  had  suffered 
a  strong  compression.  The  linen  which  had 
covered  them  was  slightly  adherent  to  the 
bodies ;  and,  with  the  fbnn  of  the  difierent 
r^ons,  exhibited,  on  removing  the  linen, 
nothing  but  irregular  masses  of  a  soft  ductile 
matter  of  a  grey- white  colour.  These  masses 
environed  the  bones  on  all  sides,  which  had  no 
aolidity,  but  broke  by  any  sudden  pressure^ 
The  appearance  of  this  matter,  ita  obvious 
composition  and  its  softness,  resembled  com» 
mon  white  cheese ;  and  the  resemblance  was 
more  striking  ftom  the  print  which  the  threads 
of  the  Imen  had  made  upon  its  surface.  This 
white  substance  yidded  to  the  touch,  and 
became  soft  when  rubbed  for  a  time  between 
the  fingers. 

No  very  ofiensive  smell  was  emitted  from 
these  bodies.  The  novelty  and  singularity  of 
the  spectacle,  and  the  example  of  the  grave- 
diggers,  dispelled  every  idea  either  of  disgust 
or  apprehension.  These  men  asserted  that 
they  never  found  this  matter,  by  them  called 
groM  (fat),  in  bodies  interred  alone;  but  that 
the  accumulated  bodies  of  the  common  graves 
only  were  subject  to  tliis  change.    On  a  very 


attentive  esamtnatfam  of  a  number  of  bodies 
passed  to  diis  state,  M.  Fourcroy  remaikod 
that  the  oonveision  wponred  in  different  ita^ei 
of  advancement,  so  toat,  in  various  bodies,  the 
fibrous  texture  and  colour,  more  or  less  ned, 
were  discenible  within  the  fatty  matter;  that 
the  masses  covering  the  bones  were  entirdy  of 
the  same  nature^  offering  indistinctly  in  all  the 
regions  a  grey  substance,  for  the  most  pott 
soft  and  ductue,  sometimes  dry,  always  easy 
to  be  separated  in  porous  fiagment8>  pcnetimted 
with  cavities,,  and  no  longer  exhibiting  any 
traces  of  membranes,  muscles,  tendons,  vesad% 
or  nerves.  On  the  first  inspection  of  these 
white  masses*  it  might  have  been  candnded 
that  they  wens  simply  the  cellular  tiflsuo,  the 
compartments  and  vesidca  of  which  th^  vecy 
well  repreaented. 

By  examining  this  subatanoe  in  ^  difibcni 
regions  of  the  body,  it  was  found  that  the  akin 
is  particularly  dispcMed  to  this  remarkable 
alteration.  It  was  afterwaida  perceived  that 
the  ligaments  and  teodoiis  no  knger  exiaiedy 
or  at  least  had  h»t  thdr  ICDaeity ;  ao  that  the 
bones  were  entirely  unsupported,  and  lef^  to 
the  action  of  thdr  own  we^t.  Whence  thdr 
rdative  places  were  preserved  in  a  certain  de- 
.gree  by  men  juztapodtion ;  the  least  tSEatt 
being  sufiident  to  separate  them.  The  grava- 
dig«rs  availed  themsdves  of  this  circumataDce 
in  the  removd  of  the  bodies.  For  they  roUel 
them  up  from  head  to  feet,  and  by  thatmeana 
separated  from  eadi  other  the  extremitiea  of 
the  bones,  which  had  formerly  been  aitaculalcd. 
In  dl  those  bodies  which  were  chaagjed  into 
.the  fatty  matter,  the  abdomind  cavity  had 
disappeared«  The  teguments  and  mvsdes  of 
.this,«^on  bring  converted  into  the  white 
matter,  like  the  other  soft  parts,  had  subsided 
upon  the  vertebrd  cdnmn,  and  were  so  fiaU 
tened  as  to  leave  no  place  for  the  viscem ;  and 
accordingly  there  was  scarcely  ever  any  trace 
observed  in  the  almost  obliterated  cavity*  This 
observation  was  for  a  long  time  matter  of 
astonishment  to  the  investigators.  In  vain 
did  they  seek,  in  the  greater  number  of  bodies, 
he  place  and  substance  of  the  stomach,  the 


the  place  i 

intestines,  the  bladder,  and  even  the  liver,  the 
spleen,  thie  kidneys,  and  the  matrix  in  females. 
All  these  viscera  were  confounded  together, 
and  for  the  most  part  no  traces  of  them  were  left. 
Sometimes  only  certain  irregular  masses  were 
found,  of  the  same  nature  as  the  white  matter, 
of  different  bulks,  from  that  of  a  nut  to  two 
or  three  inches  in  diameter,  in  the  regions  of 
the  liver  or  of  the  spleen. 

The  thorax  likewise  offered  an  aaaemUags 
of  facts  no  less  singular  and  interesting*  The 
extemd  part  of  mis  carity  was  flattmed  and 
compressed  like  the  rest  of  the  organs;  the 
ribs*  spontaneously  luxated  in  their  artjcuUu 
tions  with  the  vertehraa,  were  settled  upon  the 
dorsd  column ;  their  arched  part  left  only  a 
small  space  on  each  side  between  them  and 
the  vertebroB.    The  pleura,  the  mcdiastiiMi, 
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the  wi^^  vcMos,  the  tspen  wtaM,  ssd  cvcd 
the  lungs  and  the  hesrt,  ircie  no  longer  dis* 
tnywwhahle;  but  fbr  ibe  most  part  had  eo- 
ciiely  dliftppeared,  and  in  didr  pkee  nothing 
was  seen  but  aonoe  pareda  of  the  fatty  nib- 
•tanee.  In  this  case,  the  matter  which  was 
the  ptodiact  of  deoomposttion  of  the  ▼iaoeia, 
charged  with  blood  and  vaiioua  hunxNir*, 
difien  from  that  of  the  tarfaoe  of  the  body, 
and  tile  loog  bones,  in  the  red  or  brown 
ookmr  poaannfd  by  the  fimner.  Sometimes 
the  oheencia  fixmd  in  the  thorax  a  mass  irre- 
gnlaily  rounded,  of  the  same  nature  as  the 
latter,  irinch  appeared  to  them  to  hate  arisen 
from  the  fat  and  fibrous  snbetance  of  the  heart. 
They  euppoied  that  this  mass,  not  constantly 
iBmd  in  all  the  subjects,  owed  its  existence  to 
a  superabundacee  cf  fat  in  this  viscus,  where 
it  was  found.  For  the  general  obsemtion 
ptcaented  itself^  that,  in  similar  circumstances, 
the  fi*  psvts  unde^^  this  conyerskon  more  cn- 
dentfy  than  the  othe^^  and  afibcd  a  larger 
quantity  of  the  white  matter. 

The  external  ngioo  in  females  exhibited 
the  ghndwlwr  and  ^pose  mass  of  the  breasts 
converted  into  the  fatty  matter,  very  white 
and  wy  homogeneous. 

The  bead  was,  as  has  already  been  re- 
msfced,  enTixoned  with  the  fatty  matter; 
the  fiwe  waa  no  longer  distinguishable  in  the 
greatest  number  of  subjects ;  the  mouth  dis- 
oigamQBed,  exhibited  neither  tongue  nor  pa- 
lile;  and  the  jaws,  luxated  and  more  or  less 
diiplaoBd,  were  envinned  with  irregular  layers 
of  the  white  matter.  Some  jMeces  of  the  same 
natter  usually  occupied  the  place  of  the  parts 
ntoated  ia  the  mouth ;  the  cartilages  of  the 
BOtt  participated  in  tiie  general  alteration  of 
tbe  alon  ;  the  ort>ita,  insteiul  of  eyes,  contained 
vfaile  masses;  the  ears  were  equally  disor* 
gaoiaed;  and  the  hairy  scalp,  having  under- 
gsoe  a  umilar  alteration  to  that  of  the  other 
•igans,  still  retained  the  hair.  M.  Fourcroy 
remaria  incidentally,  that  the  hair  appeals  to 
Rsist  every  alteration  much  longer  than  any 
other  part  of  the  body.  The  cranium  con- 
Btaoilycontauied  the  brain  contracted  in  bulk; 
bkcktth  at  the  sur&oe,  and  absolutely  changed 
like  the  other  organs.  In  a  great  number  of 
subjects  which  were  examined,  this  viscus  was 
never  found  wanting,  and  it  was  always  in  the 
abovfr4nentionGd  state;  which  proves  that  the 
subctanee  of  the  brain  is  greatly  disposed  to 
be  converted  into  the  fat  matter. 

Such  waa  the  state  of  the  bodies  found  in 
the  buriaUground  des  Innocens.  Its  modifi- 
otioDS  were  also  various.  Its  consistence  in 
bodies  lately  changed,  that  is  to  say,  from 
thiee  to  five  years,  was  soft  and  very  ductile, 
cwuaining  a  great  quantity  of  water.  In 
odxr  nibjects  converted  into  this  matter  for  a 
long  tiipc,  such  as  diose  which  occupied  the 
caiides  which  had  been  closed  thirty  or  forty 
jtm,  this  noatter  is  drier,  more  brittle,  and  in 
,  deowr  flakes.     In  several  which  were  depo- 


sited la  dry  earth,  various  pertkms  of  the 
fatty  matter  had  become  semitransparent  The 
aspect,  the  granulated  texture,  and  brittleness 
of  this  dried  matter,  bora  a  considerable  re- 
semblance to  wax. 

The  period  of  the  formatkin  of  this  sub. 
stance  had  likewise  an  influence  on  its  pro- 
perties.  In  general,  all  that  had  been 
xonBed  fn  a  long  time  was  white,  luiform, 
and  oontalned  no  forei^  substance,  or  fibrous 
remsjKi ;  such,  in  particular,  was  that  aflbrded 
by  the  skin  of  the  extremities.  On  the  con^ 
trary,  in  bodies  recently  dianged»  the  ^Kty 
matter  was  neither  so  unifiorm  nor  ao  pure  as 
in  the  former ;  but  it  was  still  found  to  coo- 
tain  portions  of  mnsdes,  tendons,  and  liga- 
ments, the  texture  of  which,  thou^  alrei^ 
altered  and  changed  in  its  colour,  was  stiU 
distinguishable.  Accordingly,  as  the  conver- 
sion was  more  or  k»  advanced,  these  fibrous 
xemahu  were  more  or  less  penetrated  with  die 
fiitiy  matter,  interposed  as  it  were  between  the 
ffitevstiees  of  the  fibres.  This  observation 
ahowa,  that  it  is  not  merely  the  fat  which  is 
thus  duuiffed,  as  was  natural  enough  to  think 
at  first  si^t.  Other  facts  confirm  this  asser- 
tion. The  skin,  as  has  been  remarked,  b^ 
comes  easily  converted  into  very  pure  white 
matter,  as  does  likewise  the  bram,  neither  of 
which  has  been  considered  by  anatomists  to  be 
fat.  It  is  true,  nevertheless,  that  the  imc- 
tuotts  parts,  and  bodies  charged  with  fat, 
appear  more  easily  and  speedily  to  pass  to  the 
state  under  consideration.  This  was  seen  in 
tiiie  marrow,  which  occupied  the  cavities  of  the 
longer  bones.  And  again,  it  is  not  to  be  sup. 
posed  but  that  the  sreater  part  of  these  bodies 
had  been  emaciated  by  the  Illness  which  ter- 
minated their  lives;  notwithstanding  which, 
they  were  all  absolutely  turned  into  this  fiuty 
substance. 

An  experioient  made  by  M.  Poulletier  de 
la  Salle,  and  Fourcroy  likewise,  evinced  that 
a  conversion  does  not  take  place  in  the  fat 
alone.  M.  Poulletier  had  suspended  in  his 
laboratory  a  small  piece  of  the  human  liver, 
to  observe  what  would  arise  to  it  by  the  con- 
tact of  the  air.  It  partly  putrefied  without, 
however,  emitting  any  very  noisome  smell. 
Larva  ik  the  dermestes  and  bruchus  attacked 
and  penetrated  it  in  various  directions :  at  last 
it  became  dry,  and  after  more  than  ten  yeare' 
suspension,  it  was  converted  into  a  white 
friable  substance  resembling  dried  agaric, 
which  might  have  been  taken  for  an  earthy 
substance.  In  this  state  it  had  no  perceptible 
smelL  M.  Poulletier  was  desurous  of  knowing 
the  state  of  this  animal  matter,  and  experiment 
soon  convinced  him  and  M.  F.  that  it  was 
very  far  from  bemg  in  the  state  of  an  earth. 
It  melted  by  heat,  and  exhaled  in  the  form  of 
vapour,  which  had  the  smell  of  a  very  fetid 
iat ;  sphit  of  wine  separated  a  concresdble  oil, 
which  appeared  to  possess  all  the  properties  of 
spennaocti.    £ach  of  the  three  alkalis  con- 
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verted  H  Into  M»pi  iind,  in  a  vonli  tt  ex- 
hibited all  the  pronerties  of  the  fatty  matter 
of  die  burial-gitNma  of  the  lonooents  exposed 
foft  serenl  months  to  the  air.  Here  then  was 
a  glandular  organ,  which  in  the  midst  of  the 
atmosphere  had  undet^gone  a  change  shnilar 
to  that  of  the  bodies  in  die  burying-pUoe ;  and 
this  ftutt  Buffidently  shows,  that  an  animal 
substance,  which  is  very  far  from  being  of  the 
natore  of  grease,  may  be  totally  oonyertied  into 
this  fttty  substance. 

Among  the  modifications  of  this  remark* 
able  substance  in  the  burying-ffround  before 
mentioned,  it  was  observed  mat  the  dry, 
IHable,  and  brittle  matter,  was  most  com- 
monly found  near  the  surfiMe  of  the  earth,  and 
the  soft  dudile  matter  at  a  greater  depth.  M. 
Fourcroy  remvkii,  that  this  dry  matter  did  not 
differ  fimn  the  other  merdy  in  conUining  less 
water,  but  likewise  by  the  Tolatiliation  of  one 
of  its  principles. 

The  grave-diggers  assert,  that  near  thi«e 
years  are  requfaed  to  convert  a  body  into  this 
fttty  substance.  But  Dr.  Oibbes  of  Oxford 
fbund,  that  lean  beef  secured  in  a  running 
stream  was  converted  into  this  fatty  matter  at 
the  end  of  a  month.  He  judges  from  het^ 
that  running  water  is  most  favourable  to  this 
process.  He  took  three  lean  pieces  of  mutton, 
and  poured  on  esch  a  quantity  of  the  three 
common  mineial  adds.  At  the  end  of  three 
days,  each  was  much  changed:  that  in  the 
nitric  add  was  very  soft,  and  converted  into 
the  fatty  matter ;  that  in  the  muriatic  add  was 
not  in  that  time  so  mudi  sltered;  the  suU 
phuric  add  had  turned  the  other  black.  M. 
Lavoisier  thinks  that  this  process  may  here^ 
.  alter  prove  of  great  use  in  sodety.  It  is  not 
easy  to  point  out  what  animal  substance,  or 
what  situation,  misht  be  the  best  adapted  for 
an  undertaking  of  this  kind.  M.  L.  points  out 
iecal  matters ;  but  I  have  not  heard  of  any 
conversion  having  taken  place  in  these  animid' 
remains,  similar  to  that  of  the  foregoing. 

The  result  of  M.  Fottrcroy*s  inquiries  into 
the  ordinary  dianges  of  bodies  recently  de- 
posited in  {he  earm,  was  not  very  extensive. 
The  grave-digoers  infbimed  him,  that  those 
bodies  interred  do  not  perceptibly  change 
colour  for  the  first  seven  or  eight  days ;  that 
the  putrid  process  disengages  elastic  fluid, 
whidi  inflates  the  abdomen,  and  at  length 
bursts  it;  that  this  event  instantly  causes 
vertigo,  fklntness,  and  nausea  in  siiih  persons 
as  unfortunately  are  within  a  certain  distance 
of  the  scene  where  it  takes  place;  but  that 
when  the  object  of  Its  action  is  nearer,  a  sud- 
den privation  of  sense^and  ftequently  death. 
Is  the  consequence.  These  men  are  taught 
by  experience,  that  no  immediate  danger  is  to 
be  feared  from  the  disgusting  business  the  v 
SM  engaged  in,  excepting  at  this  period,  whicn 
they  regard  with  the  utmost  terror.  They  re- 
sisted every  inducement  and  persuadon  whidi 
these  philosophers  made  use  of,  to  prevail  4» 


them  to  assist  tbdrnNndies  faito  the  naCttra  of 
this  active  and  penidous  vapour.  M.  Four- 
croy takes  oooadon  from  these  facta,  as  well 
as  from  the  pallid  and  uAwholesoroe  appear- 
ance of  the  grave-d%^ai,  to  rtptobata  buxiala 
in  great  towns  or  their  vkinity. 

Such  bodies  as  are  interred  alone,  in  the 
midst  of  a  great  quantity  of  humid  earth,  are 
totally  destroyed  by  passing  through  the  snc- 
cessive  degrees  of  the  ordinary  potiefiiction  $ 
and  this  destruction  is  more  speedy,  the  warmer 
the  temperature.  But  if  these  insulated  bodies 
be  &rj  and  emaciated ;  if  the  place  of  depoai. 
tion  be  likewise  dry,  and  tlie  locality  and  other 
circumstances  such,  that  the  earth,  so  frr  from 
recdving  moisture  from  the  amaosphere,  be- 
comes still  more  efleetually  parched  by  the 
solar  rays ; — ^the  animal  juloes  are  volatilised 
and  absorbed,  the  solids  eontract  and  harden^ 
and  a  peculiar  spedes  of  mummy  is  produced. 
But  every  drcumstanoe  is  very  diflmit  In  the 
common  burylng-grounds.  Heaped  together 
almost  in  contact,  the  Infliience  of  external 
bodies  affects  them  seanely  at  all,  and  they 
become  abandoned  to  a  peeoUar  disorganisation, 
which  destroys  their  texture,  and  prednees  the 
new  and  most  permanent  state  of  comMnatioii 
here  described.  From  various  obserrationa, 
which  I  do  not  here  extnet,  it  was  found, 
that  this  fittty  n.atter  was  capable  of  enduiing  in 
these  burying-phces  for  thfarty  or  Ibrty  yean^ 
and  is  at  length  corroded  and  carried  off  by  the 
aqueous  putnd  humidity  whieh  there  aboanda. 

Among  other  intereating  fhels  aifbrded  by 
the  chemical  examination  of  this  substance^ 
are  the  following  turn  experiments  by  M. 
Fourcroy. 

1.  This  substance  is  fbsod  at  a  less  degree 
of  heat  than  that  of  b(riling  water,  end  may 
be  purified  by  pressure  through  a  cloth,  which 
diaengages  a  portkm  of  fibrous  and  bony  mat- 
ter.  2.  The  process  of  destructive  distillation 
by  a  very  graauaced  heat  was  b^n,  but  not 
completed  on  account  of  its  tediousness,  and 
the  little  promise  of  advantage  it  affbtdcd. 
The  products  which  came  over  were  water 
charged  with  volatile  alksli,  a  fat  oil,  concrete 
volatile  alkali,  and  no  elastic  fluid  durinff  the 
time  the  operation  was  continued.  3.  Frag- 
ments of  the  fatty  matter  exposed  to  the  air 
during  the  hot  and  dry  summer  of  1786  be- 
came dry,  brittle,  and  almost  pulverulent  at  the 
surface.  On  a  csrefiBl  examination,  certain 
portions  were  observed  to  be  semitrsnsparent, 
and  more  brittle  than  Ae  rest  These  pos- 
sessed all  the  apparent  properties  of  wax,  and 
did  not  aflford  voUtile  alkali  by  distillation. 
4.  With  water  this  fatty  matter  exhibited  all 
the  appearances  of  soap,  and  afibrded  a  strong 
lather.  The  dried  substance  did  not  fbrm  tfie 
saponaceous  combination  with  the  same  fiwility 
or  perfection  as  that  which  was  recent.  About 
two-thirds  at  this  dried  matter  separated  fitmi 
the  water  by  ooofing,  and  proved  to  be  the 
sepitnnipBWtit 
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i  mdfic  gnvity  of  2.0,  was  poured  upoo 
tkneB  Hi  v«i|^  of  the  firttj  matter,  and 


^M  VM  tafcan  frani  um  ainiaoa  of  ttia  aoray 

Unar,  which  being  then  piSMd  tlmm^  the 

a»,  kft  a  wlBie  toft  afainnig  natter,  which 

wm  iwible  and  combnstibla.     6.  Attempta 

woe  made  to  aaeertaln  tha  i^oantity  of  voladle 

iftali  in  tfaia  rabstanee,  hf  the  appHcatkn 

ef  lime,  and  of  the  ixed  aUBlii,  but  without 

mrttmi    lor  it  waa  difficult  to  oolkct  and 

ippeedaledie  fin*  pottiona  whidi  escaped,  and 

fikcwjaa  to  diaengage  the  kat  portions.    The 

caustic  mlatila  alkali,  with  the  avistanoe  of  a 

geade  heat,  diisolTed  the  fatty  matter,  and  the 

sohxtisD  became  peifeetly  dear  and  transparent 

at  the  boiling  temperatttre  of  the  mixture, 

wUch  waa  at  186*  F.    «.  Solphwic  add,  of 

Ae         "'  "       '     " 

«^ 

anzcd  by  agitation.    Heat  was  prodaoed,  and 

a  gas  Of  cffluvinm  of  the  most  insupportable 

putzeaoanee  was  emitted,  whidi  infected  the 

air  of  an  asleBsrre  Ubotatory  for  sereral  days. 

H.  Fonicfoy  sajrs,  that  the  smell  cannot  be 

iWacribwrt,  bat  that  His  one  of  the  roost  honid 

sad  lepobive  that  can  be  imiyned.    It  did 

Bot,  howofo,  prodnee  any  indisposition  dtber 

in  faiaoadf  or  hia  assistants.    By  dilution  with 

r,  and  die  ordinary  processes  of  ersporatioa 

perly  repeated,  the  sulphates 

if  mmutmm  and  of  lime  were  obtained.    A 

•sepanted  from  die  liquor,  whidi 

be  the  waicy  matter,  somewhat 

by  the  action  of  tbe  add.     7*  The 

BtttBBS  and  mnnatic  adds  were  also  applied, 

sad  sAsdsd  phenomena  worthy  of  remark, 

bat  which  fbr  the  sake  of  conciseness  are  hers 

&  Alcohol  does  not  act  on  this 

r  at  the  ordinaiy  temperature  of  the  ais. 

Bat  bf  boOmg  H  diasdves  ooe^ddid  of  its  own 

veigfat,  whidi  is  almost  totally  separable  bT 

eDa&igaslowaa66«.    The  alcohol,  after  thu 

peooeM,  affiada  by  ofaporation  a  portion  of 

dot  waxy  matter  which  H  separable  by  adds, 

snd  is  therdore  the  only  portion  soluble  in 

osid  aloohoL    The  qaantity  of  &tty  matter 

I  oo  waa  4  ounces,  or  2304  grains,  of 

I  the  boiling  spirit  took  up  the  whole  ex* 

cepc  26  grains,  iHiicfa  proved  to  be  a  mixture 

of  20  giains  dT  ammoniacal  soap,  and  6  or  8 

gniaa  of  the  phosphates  of  soda  and  of  lime. 

Aom  Ais  experiment,  whidi  was  three  times 

icpeated  with  simOar  resulls,  it  appears  that 

slcohol  la  wdl  suited  to  sffind  an  analysis  of 

the  fatty  matter.     It  does  not  dissolve  the 

aeatial  asltB;    when  cold,  it  dissolves  that 

poitiuu  of  eanaete  animal  oil  from  which  the 

volatile  alkali  had  flown  off ;  and  when  heated, 

it  dissolvea  the  whole  of  the  truly  saponaceous 

mada^  wliidi  isaftawavdscompletdy  separated 

by  eading.    And  aoootdingly  H  was  found, 

that  atfafn  plate  of  die  &tty  matter,  which  had 

knt  nearly  the  wtM&e  of  its  vobrtile  alkali,  by 

cxposuie  to  the  air  for  duee  years,  was  almost 

totattf  dissolved  by  the  oold  aloofad. 

The  concrete  oily  or  waxy  substance  detained 
in  liwsci  t  api  I  huf  ints  constitntes  Ac  leading  ob» 


jeet  of  resesidi,  as  befaig  the  peeuUar  sabstsflo? 
with  which  tfie  other  wdl  known  matters  are 
combined.  It  separates  spontaneously  by  the 
action  of  the  air,  as  wdl  as  by  diat  ol  adds^ 
These  last  separate  it  in  a  state  of  greater 
purity,  the  less  dispooed  the  acid  may  be  to 
operate  in  the  way  of  combustion.  It  is  re* 
ouirite,  therefore,  fbr  this  pnipose,  that  the 
fatty  matter  should  be  prevumdy  diffused  bi 
12  times  its  wd^t  of  hot  water;  and  the 
muriatic  or  acetous  add  Is  prefbraUe  to  the 
sulphniic  or  the  nitrons.  The  colour  d  the 
waxy  matter  is  greyish;  and  though expusBre 
to  the  air,  and  also  the  action  of  the  oxygenated 
muriatic  add  did  produce  an  apparent  white- 
ness,  it  nevertheless  disi^peared  by  subsequent 
fusion.  No  method  was  discovered  by  which 
H  could  bepetmaneotly  bleached. 

The  nature  of  this  wax  or  fbt  is  diffiaent 
from  that  of  any  other  known  substance  of  the 
like  kind.  When  dowly  cooled  after  fusion, 
its  texture  appears  crystalline  or  shivery,  like 
spermaceti;  but  a  speedy  cooling  dves  it  n 
semltiansparency  icsembung  wax.  Upon  tho 
wfade,  nevertheless,  it  seems  to  appraadi  mora 
nearly  to  the  former  than  to  the  latter  of  these 
bodies.  It  has  less  smdl  than  spermsoeti, 
and  mdts  at  127*  F* ;  I>r.  Boatodc  says  92*. 
Spermaceti  requires  6*  more  of  heat  to  fioe  H 
(acoordmg  to  Dr.  Bostock  20*).  The  sper. 
maceti  did  not  so  speedity  become  brittle  by 
cooling  as  the  adipooere.  One  ounce  of  alcohol 
of  the  strength  between  89  and  40  deorees  of 
Baum(*s  aerometer,  dissolved  when  bdhng 
hot  12  gros  of  this  substance,  but  the  same 
quantity  in  like  dxcamstances  dissolved  only 
30  or  30  gndns  of  spermaceti.  Thesraaiation 
of  Aese  matters  was  also  remarkably  mfferent, 
tbe  n>ermaceti  bdng  move  speedilv  deposited, 
and  m  a  much  more  regular  and  oystaUine 
fbrm.  Ammonia  diss^ves  with  singular 
fiidlity,  and  even  in  the  cdd,  this  concrete  oil 
separated  from  the  &tty  matter;  and  by  heat 
it  forms  a  transparent  solution,  which  is  a  true 
soap.  But  no  excess  of  anunonia  can  produce 
mxA  sn  effect  with  spermacetL 

M.  Fonreroy  concludes  his  memoir  with 
some  specnladons  on  the  change  to  which 
animal  substances  in  peculiar  drcumstanoes 
are  subject  In  the  modem  chemistry,  soft 
animal  matters  are  considered  as  a  oompodtion 
of  the  oxides  <^  hydrogen  and  carbonated  asote, 
more  complicated  than  those  of  vegetable  maU 
ten,  and  therefore  more  mcesssntly  tending  to 
dteradon.  If  then  the  carbon  be  ooncdved  to 
unite  with  the  oxygen,  dther  of  the  water 
wUdi  is  present,  or  of  the  other  anfanal  mat. 
ters,  and  thus  escape  hi  large  quantities  hi  the 
form  of  carbonic  add  gas,  we  shall  percdva 
the  reason  why  this  convefdon  is  attended 
whh  so  great  a  loss  of  wd^t,  namdy,  about 
nhie.tenths  of  the  whole.  The  asote,  a  prhk. 
djde  so  sbundanthi  anhnal  matters,  will  form 
ammonia  by  combining  with  tho  hydrmn; 
part  of  diis  wiU  escape  in  the  vaporous  rocm. 
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•Dd  tlM  rest  wiU  icmain  fixed  in  Um  fiitty 
matter.  The  letidae  of  the  animal  matters  d^ 
piived  of  a  great  part  of  their  carbon,  of  their 
oxygen,  and  the  whole  of  their  asote,  will 
conaiat  of  a  much  greater  proportioa  of  hy. 
diogeo,  toeether  with  carbon  and  a  minute 
ouanti^  of  oxygen.  This,  according  to  the 
tneory  of  M.  Fourcroy,  oonstimtea  the  waxy 
matter,  or  adipooere,  which,  in  combina- 
tion with  ammonia,  forms  the  animal  soap, 
into  which  the  dead  bodies  are  thua  ooo- 
verted. 

Muscular  fibre,  macerated  in  dilute  nitric 
acid,  and  afterwards  well  washed  in  warm 
water,  affords  pure  adipocere,  of  a  light  yellow 
colour,  nearly  of  the  consistence  of  tallow,  of 
a  homogeneous  tcxtQre,  and  of  course  free 
from  ammonia.  This  is  the  mode  in  which 
it  is  now  commonly  procured  for  chemical 
expariment 

Tliis  curious  substance  has  been  more  r^ 
ccntly  examined  by  ChevreuL  Ue  found 
it  composed  of  a  small  qiumtity  of  ammonia, 
potash,  and  lime,  united  to  much  margarine, 
and  to  a  very  little  of  another  fatty  matter 
different  from  that.  Weak  muriatic  add 
seises  the  three  alkaline  bases.  On  treating 
the  residue  with  a  solution  of  potash,  the  mar- 
garine is  precipitated  in  the  form  of  a  pearly 
substance,  whUc  the  other  fat  remains  dissolved. 
Fourcroy  being  of  opinion  that  the  fatty  mau 
ter  of  animal  carcases,  the  substance  of  biliary 
calculi,  and  spermaceti,  were  nearly  identicali 
gave  them  the  same  name  of  adipocere ;  but 
it  appears  from  the  researches  of  Al.  Ch^reul 
that  these  substances  are  vtay  different  from 
each  other. 

In  the  Philosophical  Transactions  for  1813 
there  is  a  very^  interesting  paper  on  the  above 
subject  by  Sir  £.  Home  and  Mr.  Brande. 
He  adduces  many  curious  facts  to  prove  that 
adipocere  is  formed  by  an  incipient  and  incom- 
plete putrefaction.  Mary  Howard,  aged  44, 
died  on  the  12th  3f  av  1790,  and  was  buried 
in  a  grave  ten  feet  deep  at  the  east  end  of 
Shorcditch  church-yard,  ten  feet  to  the  east  of 
the  great  oonfmon  sewer,  which  runs  from 
north  to  south,  and  has  always  a  current  of 
water  in  it,  the  usual  level  of  which  is  eight 
feet  below  the  level  of  the  ground,  and  two 
feet  above  the  level  of  thecofluis  in  the  graves. 
In  August  1811  the  body  was  taken  up,  with 
some  others  buried  near  it,  for  the  purpose  of 
building  a  vault,  and  the  flesh  in  aU  of  them 
was  converted  into  adipocere  or  spermacetL 
At  the  full  and  new  moon  the  tide  raises  water 
into  the  graves,  which  at  other  tunes  are  diy. 
To  explain  the  extraordinaxj  quantities  of  ut 
or  adipocere  formed  by  anmials  of  a  certain 
intestinal  construction,  Sir  £.  observes,  that 
the  current  of  water  which  passes  throu^ 
their  colon,  while  the*loculated  lateral  parts  are 
full  of  solid  matter,  places  the  solid  contents 
in  somewhat  similar  drcumstanoes  to  dead 
bodies  in  the  banks  of  a  common  sewer. 


The  dtciUDitaDoe  of  ambeigRi,  vhidi  con- 
tains GO  per  cent,  of  fat,  being  found  in  im- 
mense quantities  in  the  lower  intestines  of  the 
spermaceti  whalea,  and  never  higher  up  than 
seven  feet  from  the  anus,  is  an  undeniable 
proof  of  fat  being  formed  in  the  intestines; 
and  as  ambergris  is  only  met  with  in  whales 
out  of  health,  it  is  most  probably  collected 
there  from  the  sbsorbents,  under  the  influeoce 
of  disease,  not  acting  so  as  to  take  it  into  the 
oooatitution.  In  the  human  odon,  solid  maasea 
of  fat  are  sometimes  met  with  in  a  dtsratrd 
state  of  that  canal,  and  are  called  tcybaku  A 
description  and  analjrsis  by  me  of  a  mass  of 
ambergris,  extracted  in  Perthshire  from  the 
rectum  of  a  living  woman,  were  publiahed  ia 
a  London  Medical  Journal  in  September  1817* 
There  is  s  case  communicated  by  Dr.  Babing- 
ton,  of  fat  formed  in  the  intestines  of  a  girl 
four  and  a  half  years  old,  and  passing  off*  by 
stooL  Mr.  Bn^de  found,  on  the  suggeatioii 
of  Sir  £.  Home,  that  muscle  digested  in  hijie, 
is  convertible  into  fat,  at  the  temperatare  of 
about  1000.  If  the  substance,  however,  pass 
rapidly  into  putrefiiction,  no  frtt  ia  farmed. 
Faces  voided  by  a  goudr  gentleman  after  siz 
days  constipation,  yidded,  on  infusion  in  water, 
a  fatty  film.  This  process  of  forming  fat  in 
the  lower  intestines  by  means  of  bile,  throws 
considerable  light  upon  the  nouriahment  de- 
rived from  clysters,  a  fact  well  ascertained,  but 
which  could  not  be  explained.  It  also  aooounts 
for  the  wasting  of  the  body  which  so  invariably 
attends  aU  complaints  of  the  lower  bowds.  It 
accounts  too  for  all  the  varieties  in  the  turns 
of  the  colon,  which  we  meet  with  in  so  great  a 
degree  in  different  animals  This  proper^  of 
the  bile  explains  likewise  the  formation  of  &Uy 
concretions  in  the  gall  bladder  so  commonly 
met  with,  and  whidi,  from  these  experiments, 
appear  to  be  prcMiuced  by  the  action  of  the  bUe 
on  the  mucus  secreted  in  the  gall  bladder; 
and  it  enables  us  to  understand  how  want 
of  the  gall  bladder  in  children,  from  malfor- 
mation, is  attended  with  excessive  leanness, 
notwithstanding  a  great  appetite,  and  leads 
to  an  early  d^th.  Fat  thus  appears  to  be 
formed  in  the  intestines,  and  from  thenee  re- 
ceived into  the  circulation,  and  deposited  in 
almost  every  part  of  the  body.  And  as  there 
appears  to  be  no  direct  channels  by  which^aoy 
superabundance  of  it  can  be  thrown  out  of  tlie 
body,  whenever  its  supply  exceeds  the  con- 
sumption, its  accumulation  becomes  a  disease, 
and  often  a  very  distressing  on&  See  Bilia&t 
CoKCAETioKs,  Maroaaik£,  and  Intss- 

TINAL   CoKCnETlOKS. 

ADIT,  in  mining,  is  a  subterraneous  pass- 
sge  slightly  incline^  about  six  fiset  high*  and 
two  or  three  feet  wide,  begun  at  the  bottom  of 
a  neighbouring  valley,  and  continued  up  to 
the  vein,  for  the  pui^KMe  of  carrying  out  the 
minerals  and  drawing  off  the  waiter.  If  the 
mine  require  draining  by  a  stfam>4«igine  from 
a  greater  depth,  tm  water  need  be  raised 
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coljrlD  the  levd  of  tlie adit  There  is  a  good 
accoont  of  the  ComUh  adiit^  by  Mr.  W. 
PfaOipa,  Trans.  GeoL  Soe.  vol.  il ;  and  of 
adita  in  general,  aitide  Galerie^  Brogniart's 
UinenUogy,  toL  ii. 

ADOPTER,  a  TesBd  with  two    neeki 
placed  between  a  retort  and  a  reodver,  and 
•erring  to  increase  the  length  of  the  neck  of 
the  former.     See  Labobatobt. 
ADULARIA.    See  Fclspab. 
AERATED    ALKALINE  WATER. 
See  Acid  fpARBONic). 
AERIAIi  ACID.     See  Acid  (Casbo- 

Trie).         

AEROLITE,  or  Mcteoaic    Stoks. 
See  BlETBOitiTB. 

ABROMETER.  The  name  given  by 
Dr.  M.  Hall  to  an  ingenbas  instrument  of 
his  invention  for  making  the  necessary  cor- 
Tcctkna  in  pnenmatic  experiments,  to  ascer- 
tain the  mean  bulk  of  the  gases.  It  consists 
of  a  bulb  of  g^ass  4§  cubic  inches  capacity, 
blown  at  the  end  of  a  lone  tube  whose  capa- 
city  is  one  cubic  inch.  Tsibi  tube  is  insetted 
into  another  tnbe  of  nearly  equal  length,  sup- 
ported CO  a  sole.  The  first  tube  is  sustained 
at  any  bright  within  the  second  by  means  of 
a  firing.  Five  cubic  indies  of  atmospheric 
air,  at  a  mediom  pressure  and  temperature, 
an  to  be  introduced  into  the  bulb  and  tube, 
of  die  latter  of  wbidi  it  will  occupy  one-half ; 
die  odier  half  of  diis  tube,  and  part  of  the 
tnbe  into  which  it  is  inserted,  are  to  be  oocn- 
pei  by  the  fluid  of  the  pneumatic  trough, 
vheifaer  water  or  mercury.  The  point  of  the 
tobe  at  wbicfa  the  air  and  fluid  meet  is  to  be 
Biaikcd-  bj  the  figure  5,  denoting  5  cubic 
iBcfaeB.  The  upper  and  lower  halves  of  die 
tnbe  are  each  divided  into  5  parts,  represent- 
ing tenths  of  a  cubic  indi.  The  external  tube 
hm  a  scale  of  inches  attached.  Journal  of 
ftjeace,  voL  v.    See  Gas  and  Appehdix. 

AEROSTATION,  a  name  commonly, 
bot  not  very  correctly,  given  to  the  art  of 
nisfaig  heavy  bodies  into  the  atmosphere,  by 
the  bnoyaney  of  heated  air,  or  gases  of  smau 
spedfie  gravity,  endosed  in  a  bac,  which, 
ikom  bebg  usually  of  a  sphcroldar  form,  is 
tailed  a  bidlooD.  Of  all  the  possible  shapes, 
die  i^ohnkr  «knits  the  greatest  capacity  under 
the  least  snrihaoi  Henoe^  of  two  bogs  of  the 
same  capadty,  if  one  be  spherical,  and  the 
oUht  of  any  odier  shape,  the  former  will  con- 
tun  the  least  qoanti^  of  clodi,  or  die  least 
tm&eK  The  spheroidal  fbim  is  therefise 
best  fltted  for  agrottatioB.  Varnished  hite- 
string  sr  nrasUn  sie  employed  flir  the  en^ 
vrio^  Hie  following  table  shows  the  xe- 
Istkn  betwixt  the  dkmeteiB,  sorfiMes,  and 
qqiadtiea  of  spheres? 

DfaoMtcn.   Suv&oet.       Cspadtiei. 


Dbmccerk  Surfaoei.      Capseities. 


4 

dO.266 

33.51 

5 

7&54 

65.45 

10 

314.169 

523.6 

15 

70C9 

1767.1 

20 

125ft6 

4180. 

25 

19(S3.5 

8181. 

30 

2827. 

14137. 

40 

502& 

335ia 

1 

3.141 

0J»23 

2 

12.567 

4.188 

3 

2&974 

14.137 

Having  ascertained  by  experiment  the 
wd^t  of  a  square  foot  of  die  varnished  doth, 
we  find,  by  inspection  in  the  above  table,  a 
multiplier  whence  we  readily  compute  the  to- 
tal wdght  of  the  balloon.  A  cubic  foot  of 
atmospheric  air  weighs  527  Wt»  and  a  cubic 
foot  of  liydrogen  about  40.  But  as  the  gas 
employed  to  fill  bslloons  is  never  pure,  we 
must  esdmate  its  weight  at  something  move. 
And  perhaps,  taking  every  thing  into  account, 
we  shall  find  it  a  convenient  and  suflident^ 
precise  rule  for  aerostation,  to  oopsider  every 
cubic  foot  of  induded  gas,  to  have  by  itself  a 
buoyancy  of  faStv  one  ounce  avordupois. 
Hence  a  balloon  or  10  feet  diameter  will  have 
an  ascensional  force  of  fully  524  os.  or  S3  lbs. 
minus  the  weight  of  the  314  superfidal  feet 
of  doth ;  and  one  of  30  feet  diameter,  a  buoy- 
ancy of  folly  14137  oz.,  or  nearly  890  lbs. 
mkuu  the  wdght  of  the  2827  ieet  of  doth. 
On  this  calculation  no  allowance  need  be  made 
for  die  seams  of  the  baUoon.  See  the  artide 
Vaawibh, 

^TITES,  or  Eagle  Stoite,  is  a  name 
that  has  been  given  to  a  kind  of  hollow  geodes 
of  oxide  of  iron,  often  mixed  with  a  la^er  or 
smaller  quanti^  of  silex  and  alumina,  con- 
taming  in  theh  cavity  some  concretions,  which 
rattle  on  shaking  the  stone.  It  is  of  a  dull 
pale  odour,  composed  of  concentric  layers  of 
various  magnitudes,  of  an  oval  or  polygonal 
form,  and  often  polished.  Eagles  were  said 
to  carry  diem  to  thdr  nests,  whence  their 
name;  and  supeistitSon  formerly  ascribed  won- 
derfol  virtues  to  diem. 

AFFINITY  (CHEMICAL).  See  At- 
TBACTioK  (Chemical). 

AGALMATOLITE.    See  BnosTEiir. 

AGARICUS;  The  mushroom,  a  genus 
of  the  order  FungL  Mnshiooms  appear  to 
mraach  nearer  to  the  nature  of  ammal  matter 
than  any  other  productions  of  the  vegetable 
kingdom,  as,  beside  hydroffen,  oxygen, '  and 
carbon,  diey  contain  a  connderable  portion  of 
nitrogen,  and  yield  ammonia  by  distiDatioa* 
Tnt.  Proust  has  likewise  discoveted  in  them 
the  benxoic  add,  and  phosphate  of  lime. 

A  few  of  the  spedes  are  eaten  in  ddi 
ooonliy,  but  many  are  recorded  to  have  pro- 
duced poisonous  effisets.  Perhaositisofim- 
portsnoe,  that  they  should  be  fteiii,thonNi^bly 
dressed,  and  not  of  a  coriaceous  texture.  Our 
ketd^p  is  made  by  sprinkling  mushiooms 
•widi  salt,  and  Istting  tbaa  stand  tID  gnat 
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|Hfft  Sb  Rfolv^  into  B  brown  liquor,  wfaidi 
ii  thm  boikd  up  with  spioes. 

In  phannacy  two  spedes  of  boletus  have 
fbnnemr  been  used  under  the  name  of  aga- 
ric The  B.  pini  larieit^  or  male  agaric  of 
the  shops,  was  given  as  a  purgative,  either  in 
substance,  or  in  an  extract  nude  with  vinegar, 
wine,  or  an  alkaline  solution:  and  the  B. 
igniariut,  spunk,  or  toudiwood,  called  ,/biials 
agaric^  was  applied  externally  as  a  styptic, 
even  after  amputations.  For  this  puipose  the 
soft  inner  subsitanee  waa  taken,  and  beaten  with 
a  hammer  to  render  it  stOl  softer*  That  of 
the  oak  was  prefetred. 

The  mushrooms,  remarkable  Ibr  the  quick* 
ness  of  their  grow^  and  decay,  as  well  as  for 
the  foetor  attending  their  spontaneous  decom- 
position, were  unaccountably  neglected  by 
aoalyticaJ  chemists,  though  capable  of  rewamU 
ing  their  trouble,  as  is  evincol  by  the  recent 
investigations  and  discoveries  of  MM.  Van- 
queiin  and  Braoonnot  The  insolnUe  fun* 
gone  portion  of  the  mushroom,  though  it  re- 
sembleB  woodv  fibre  in  some  respects,  yet  being 
kas  solttblo  man  it  in  alkalis,  and  yielding  a 
mztritive  food;  is  evidently  a  peculiar  product 
to  whidi  aoeordingly  the  name  of  ftmgin  has 
been  given.  Two  new  vegetable  adds,  the 
boletic  and  fungie,  were  alio  fhiits  of  these 


1.  4gBricu«  camjaeftrif,  an  ovdinaiy  artids 
of  food,  aaalyaed  by  Vauqudm,  gave  At 
IbUowing  constituents:  1.  Ad^ocsre^  On 
expressing  the  juice  of  the  agaric,  and  ssb- 
jecting  t£  vtmafaider  to  the  action  of  boiling 
aleohol,  a  fttty  mattv  ia  extracted,  whiA 
faOadown  hi  white  flakes  at  the  aloohoi  coolb 
It  has  a  dirty  white  oolour,  a  fiuty  fed  liko 
•permaosti,  and,  exposed  to  heat,  soon  mdt% 
and  then  exhales  tiie  odour  of  grease;  3.  An 
oOy  matter;  S.  VegataUe  albumen ;  4.  The 
wgar  of  mushnoma;  6.  An  animal  matter 
sobiblt in  water  and  aloohoi:  on  being  heated 
it  evolvM  tbo  odour  of  raasting  meat,  like  oa« 
niMOBia;  &  An  animal  matter  not  soluble  in 
alcohol;  7.  Fung^;  a  Aeetate  of  potash. 

%  Agarieus  wiUvmotut  affnded  Braoonnot 
fongin,  gdatm,  vegetable  albumen,  mudi 
phnsphato  of  potash,  some  acetate  of  potash, 
sugar  of  muduooms,  a  brown  oil,  adlpocere, 
wax,  a  wy  ftipoeons  ddetsrioos  matter,  un- 
•wnbined  add,  supposed  to  be  the  aoetio, 
htniwic  add,  muriate  of  potash,  and  a  deal 
of  water;  in  aU  14  higredienta. 

8»  Ag^Heut  aeritj  oe  fiperatuey  waa  finnd 
by  Bnieoonot,  afbr  a  ndmite  analysis,  to 
ooataia  needy  tiie  same  ingredients  aa  the 
meoeding,  without  the  wax  and  benaoie  add, 
Mt  with  BMR  adlpocere. 

4.  Agtrieue  ttypHeut.  Fiem  twenty  parts 
of  this  Bm«uiot  obtained  of  redn  and  adi. 
1 1 J;  Amgin  16L7,  of  an  unknown  g»- 
Bs  substaaoe.  a  potadi  salt,  and  a  ftigs- 
I  aoid  principle,  lA. 

B.  Agariome  Imlbn^iif  Was  sBumined  by 


Vanqodin,  who  fbnnd  the  ibllowfaig  oontti. 
tnents ;  an  animal  matter  insoluble  in  aloo- 
hoi,  osmasome,  a  soft  fatty  matter  of  a  ydlow 
oolour  and  acrid  taste,  an  add  salt,  (not  a 
Bpbate>  The  insoluble  substance  «Hf  the 
ric  yielded  an  add  by  distiUation.  In 
lla*s  Toxiooloffy  several  inatanoea  are  de- 
tailed of  die  fatJ  difcctB  of  this  spedes  of 
mushroom  on  the  human  body.  Itogs  were 
kiUed  widun  24  hours  by  small  quantities  of 
ii  m  substsnce,  and  also  by  its  watery  and 
alcoholic  inf\isions ;  but  water  distilled  ftom  it 
was  not  injurious.  It  ia  cntions  that  the 
animals  experienced  little  inconvenience  after 
swallowing  it,  during  the  first  ten  hours; 
stupor,  cholora,  oonvubions,  and  painful 
cramps  are  the  usual  symptoms  of  the  poison 
in  men.    The  best  remedy  is  an  emetic. 

6.  Agorieut  iheogolfu.  In  this  VanqofiliD 
fiiund  super  of  mushrooms,  oiwnaTOme,  a 
bitter  acnd  &tty  matter,  an  animal  matter 
not  soluble  in  alodiol,  a  salt  ormtdning  a 
vegetable  add. 

7.  AgurieutmmeeaHut,  Vaaqndin*a  ana- 
lysis of  this  spedes  is  as  follows :  The  two 
anhnal  matters  of  the  last  agaric^  a  &tty 
matter,  sulphate,  phosphate,  and  mnriate  of 
potash,  a  volatile  add  ftom  the  insoluble 
mattor.  The  following  account  ftom  Oifila 
of  the  effects  of  this  spedes  on  the  animal 
eeonomy  is  hitersating»  Sevesal  IVendi  aol- 
dlera  ate,  at  two  leagues  ftom  Foloedc  in 
Russia,  mushrooms  of  the  above  kind.  Four 
of  them,  of  a  robust  constitution,  who  eoo- 
odved  themselves  poof  agdnst  the  oonae- 
quencea  under  which  their  feebler  ooAipaniooa 
were  b^gbnmg  to  sufier,  refused  obstinately 
lo  take  an  emetic.    In  the  evening  the  follow- 

symptoms  appeared:  Anxiety,  sense  of 


a  small  and  irregular  pulse,  QniversaT  coM 
sweats,  dumged  expression  of  oountenanoo, 
vidlettfait  of  VM  nose  and  hpa,  general  tremb- 
ling, fetid  stools*  These  symntoms  hemming 
worse,  the^  were  carried  to  the  iiospita].  Cold- 
ness and  hvid  cdonr  of  the  Ihnbs,  a  dreadfiil 
ddirium,  and  acute  pains,  accompanied  them 
to  the  last  moment.  Oneof  than  sunk  a  for 
hours  after  bis  admission  into  the  hofl{ntal ; 
the  three  others  had  the  aame  fote  in  tiie  ooorse 
ef  the  night  On  (^kig  their  dead  bodiea, 
die  stoEQsdi  and  intestines  displayed  large 
spots  of  inflsmmation  and  gangrene;  and 
ptttrefoetion  seemed  advnncing  very  rundly. 

AGARIGUS  MINERALIS»  the  momrtete 
fldft,  or  moitwUAn  meaJL  of  the  Germane,  Is 
one  of  the  pureat  of  the  native  carbonates  of 
Ihne,  found  diiefif  hi  the  defts  of  rods,  and 
at  the  bottom  of  some  lakea,  in  a  loeoe  or 
semi-indurated  form.  It  baa  been  uaed  ii^ 
temaUy  in  hasmonrhages,  strangtoy,  gravd, 
and  dysenteries ;  and  externally  as  an  appli- 
catkxi  to  old  ulcers,  and  weak  and  watery  eyes. 

M.  Fabraii  calls  by  the  name  of  mkini 
agariCy  m  JbtiU  meai^  a  tlane  of  a  loose  oon- 
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In  Tntcany  In  conBidenbb 
■hundanrr,  of  which  bricks  may  be  nuule^ 
eidier  with  or  without  the  additioQ  of  a  twen« 
tieth  part  of  aisi],  so  light  as  to  float  in 
waters  and  which  he  supposes  the  ancients 
used  4aBt  making  their  floating  bricks.  This^ 
bovcver,  ta  Tciy  difiennt  horn  the  preceding, 
oot  being  eren  of  the  cakaraons  genus,  since 
it  appears,  aa  analTsis,  to  consist  of  silex  66 
parti,  nwyifria  16,  water  14,  argil  12,  lime  3y 
iron  1.    Kirwan  calls  it  argiUo^urUg* 

AOATE.  A  mineral,  whose  basis  is  caU 
oedonj,  blended  with  Tariable  pzopoctioiis  of 
jasper,  amethyst,  quarts,  opal,  heliotiope,  and 
cnrnflian.  JSiUon  ^a<«.  consists  of  sltonate 
sad  panOd  layers  of  caloedony  with  jasper, 
or  quutz,  or  ametfaysU  The  most  beautiful 
Qomes  from  Siberia  and  Saxony.  It  occurs  in 
porphyry  and  fffnan^-^BrecciaUd  agate  t  a 
base  of  amediyst,  containing  ftajonents  of 
ribbon  ^p^  constitute  this  beantitnl  ▼aziety. 
It  is  of  Saxon  or^gin^-^Fortj/lca/ton  agate^  la 
found  in  nodnles  m  ▼azious  imitatiye  sh^es, 
imbedded  in  amygdaloid*  This  occun  at 
Obcrstein  oo  the  Bhine,  and  in  Scotland.  On 
cntdng  h  acioia,  and  polishing  it,  the  interior 
dgoag  parallel  lines  bear  a  considerable  re- 
wnHamr  to  the  pbn  of  a  modem  foitifi- 
esiion.  In  the  very  centre,  quarts  and  ame- 
thyst aR  aecn  in  a  splintery  mass,  sunonnded 
^  the  jasper  nnd  calcedony.— JJfoc^  ttone, 
Xnnalaoeni  cakedony,  containing  dark  out* 
Unes  of  arboriution,  like  vegetame  filaments, 
is  csOcd  Mocha  stone,  from  the  pbce  in 
AnUa  wboe  it  ia  chiefly  found.  These  cu. 
lioas  appearances  were  ascribed  to  deposits  of 
inn  er  manganese,  but  more  latdy  they  have 
been  tbou^t  to  arise  ftom  minerahzed  plants 
cf  dieoyptagaoums  dasL — ilfosf  agate^  is  % 
csksdopy  with  variously  coloured  lamlfiea* 
lions  of  n  vegetable  form,  occasionally  tra- 
loed  with  imi^ular  veins  of  red  jasper.  JH* 
H^Cullodi  faw  roeently  detected,  what  Ban- 
baton  mcedy  oonjeetuied,  in  modia  and  moss 
p  aqnadc  amfcrvsa,  nnaltwned  both  in 
SM  ioem,  and  also  coated  with  iron 
eadde.  tfoeaes  and  lichens  have  also  been 
ebsenred,  nkNig  with  chlorite,  in  vegetatbns. 
Ao  enyx  agale  set  m  a  rlngL  belonging  to  the 
Earl  of  Powis,  contains  Sbe  cbzysalis  of  a 
KD^  Agate  if  found  In  most  oonntrieiy 
ducflvin  tmpioeki,ands«pentine.  BoUow 
Bodsies  of  ^iUe,  called  ^soder ,  present  int^ 
rioiiy  eiystala  of  quarti,  colourless  or  ame« 
thmtine,  havinf  oeoBiianatt|r  scattoed  crystals 
of  siittdte,  rhabasir,  and  capiUary  mesotypsb 
Tbcps  gndes  are  very  common*  3itomen 
hasboen  fimndbyM.  FUrin  in  the  inside  of 
mamot  theoit  aniong  ibe  biQs  of  Dauria,aa 
the  ii|^  bank  of  die  Chika.  The  small 
gmdes  of  voloHiie  districts  contain  water  oc» 
CHHnaDy  In  their  cnvidep.  These  are  chiefly 
Imad  In  i'T'V^  blocks  of  n  lavn  having  an 
tsnhr  frwture.  Whoi  they  an  cracked,  the 
l^inid  caovcs  bf  cvapontwo  i  it  is  sasi^y  x». 


stored  by  plmigbig  them  fbr  n  little  in  hot 
water.  Agates  are  artificially  cobwred  by  im- 
menion  in  metallic  solutions.  Agates  weio 
more  in  demand  fonnerly  than  at  present. 
They  were  cut  into  cups  and  plates  for  boxes  ; 
and  also  into  cutlass  and  sabre  handles.  They 
are  still  cut  and  polished  on  a  considerable 
scale  and  at  a  moderate  price,  at  Oberstein. 
The  surfiuse  to  be  polished  is  first  coarselv 
ground  by  large  miUstooes  of  a  hard  reddish 
sandstone,  moved  by  water.  The  polish  ia 
afterwards  given  on  a  whed  of  soft  wood, 
moistened  and  imbued  with  a  fine  powder  of 
a  hard  red  trifoli  found  in  the  neighbourhood. 
M.  Fauias  thmks  that  this  tripoii  is  produced 
by  the  decomposition  of  the  norphynUed  rock 
that  serves  as  a  gangue  to  tne  agates.  The 
ancients  employed  agates  £at  msfing  cameos. 
(See  Galcedokt.)  Agate  UMrtars  are  valo. 
ed  by  snalytical  diemists,  iot  redadng  hard 
minmls  to  an  impalpable  powder.  For  some 
interesting  optical  properties  of  agates,  lee 
Light. 

The  oriental  agate  is  ahnost  tianaparenL 
and  of  a  vitreous  ^pearanoe.  The  occident4 
is  of  vsiiotts  colours,  and  often  veined  with 
quarts  or  jasner.  It  is  mostly  found  in  small 
pieces  coverca  with  a  crust,  and  often  running 
m  veins  throu{{h  mcks  like  flint  and  petrok 
silex,  ftom  which  it  does  not  seem  to  difler 
peatly.  Agates  are  moat  piiaed,  when  tha 
mtenud  figure  needy  resembles  some  animal 
or  planL 

AGGREGATE.  When  bodies  of  the  same 
kind  are  united,  the  only  consequence  is,  that 
one  larger  body  is  produced.  In  thb  case, 
the  united  noass  is  called  an  ag^f^gate,  and 
docs  not  difibr  in  its  chemical  properties  from 
the  bodies  ftom  which  it  was  oruinally  made. 
Elementary  writers  csll  the  smallest  parts  into 
which  an  aggragate  can  be  divided  without 
deatioying  its  tfiiemical  propertiea,  integrant 
parts.  Thus  the  mt^;rant  parte  of  common 
salt  are  the  smallast  narts  which  can  be  con- 
ceived to  remain  wimout  dun^;  and  bo* 
yottd  these,  anv  furUier  subdivision  cannot  be 
noade  without  developing  the  component  parts, 
namchr,  the  alkali  and  the  add ;  whidi  are 
stfll  further  xesolvable  hito  thcb  conatitueni 
principles* 

AGRICULTUSE,  considered  aa  a  da* 
partmcnt  of  cbcmiatry,  is  a  subject  of  vast 
nnportanoa,  but  hittoto  much  neglected. 
When  we  consider  that  every  change  in  tha 
ananaementa  of  matter  connected  with  the 
growtn  and  nourishment  of  plants  s  the  com* 
pattdTe  valuta  of  their  pradnoaaa  food ;  the 
oomposltion  ud  constitudon  of  soils ;  and  tiie 
manner  in  which  lands  are  enriched  by  ma- 
iMu%  or  randered  fertile  bv  the  difoent  pro* 
oesses  of  cultivationt  we  snail  not  hesitate  to 
ass%n  to  chemical  agricuUoie  a  biafr  pbMa 
among  the  studies  or  man.  If  land  be  un- 
piodttctive,  and  a  syatem  of  ameiiorariqg  it  ia 
to  bf  attempted,  the  suze  mathod  of  attaining 
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dut  ofajeet  is  by  detennlmng  the  caiues  of  Its 
Slerilhj,  which  must  necessaiOjr  dmod  upon 
some  defect  in  the  conttitation  of  the  soil, 
which  may  be  easily  disoorefed  by  diemical 
anslysis.  Some  hmds  of  good  apparent  tex. 
tore  are  yet  eminently  banen ;  aro  oommoa 
observation  and  common  practice  afibrd  no 
means  of  ascertaining  the  cause,  or  of  le- 
moving  the  effect.  The  application  of  che- 
mical tests  in  such  esses  is  obvious ;  for  the 
soil  must  contain  some  noxious  principle 
which  may  be  easily  discovered,  and  probably 
easily  destroyed.  Are  any  of  the  salts  of 
hon  present?  They  may  be  decomposed  by 
lime.  Is  there  an  excess  of  siliceous  sand  ? 
The  system  of  improvement  must  depend  on 
the  application  of  day  and  calcareous  matter. 
Is  there  a  defect  of  calcareous  matter  ?  The 
remedy  b  obvious.  Is  an  excess  of  vegetable 
matter  indicated?  It  may  be  removed  by 
liming,  paring,  and  homing.  Is  there  a  defi- 
ciency of  vegetable  matter  ?  It  is  to  be  sup- 
plied by  manure.  Peat  earth  is  a  manure; 
tmt  thoe  are  some  ysrieties  of  peats  which 
oontam  so  large  a  quantity  of  fetruginous 
matter  as  to  be  absolutely  poisonous  to  plants. 
There  has  been  no  question  on  which  more 
diiferenoe  of  opinion  lias  existed,  than  that 
of  the  state  in  wliich  manuie  ong^t  to  be 
ploughed  into  land ;  whether  recent,  or  when 
It  has  gone  tfarou^  the  process  of  fermenta- 
tion. But  whoever  will  refer  to  the  simplest 
principles  of  chemistry,  cannot  entertam  a 
doubt  on  the  subject.  As  soon  as  dung  be. 
gins  to  decompose,  it  throws  off  its  vdatile 
parts,  which  are  the  most  valuable  and  most 
efficient  Dung  whidi  has  fcnnented  so  as 
to  become  a  men  soft  cohesive  mass,  has 
^eially  lost  from  one-third  to  one-hslf  of 
Its  most  useful  constituent  dements.  See  the 
articles  Akaltsis,  Manitre,  Soils,  Ve- 
oETATiov,  and  Sir  H.  Davy's  Agricnlt. 
Chem. 

AIR  was,  tin  latdv,  used  as  the  seDarie 
name  fer  such  invisible  and  exceedingly  rare 
fluids  as  possess  a  verjr  high  degree  of  das- 
tidty,  and  are  not  condensable  into  the  liquid 
state  byany  degree  of  odd  hitherto  produced ; 
but  as  this  term  is  commonly  employed  to 
signify  that  compound  of  aSriferm  fluids  whidi 
constitutes  our  atmosphere,  It  has  been  deemed 
advisable  to  restrict  it  to  this  rfgnlfifurifftt^ 
and  to  employ  as  the  generic  term  the  word 
Oa8,  (which  see),  fer  the  difioent  kinds  of 
'air,  except  what  reUtet  to  oar  atmoq>heric 


AIR  (ATMOSPHERICAL  or  COM- 
'MON)l  The  immense  mass  of  peimanentfy 
dastic  fluid  which  sunounds  the  globe  we  in. 
habit,  must  consist  of  a  general  assemblage 
of  every  kind  of  air  whidi  can  be  farmed  by 
the  various  bodies  that  compose  its  surface. 
Most  of  these,  however,  are  absorbed  by  wa- 
ter;  a  number  of  them  are  decomposed  by 
combination  with  CMfa  other;  and  some  of 


them  are  sddom  disengaged  in  considerable 
quantities  by  the  processes  of  nature.  Hence 
It  is  that  the  lower  atmosphere  consists  chiefly 
of  oxygen  and  nitrogen,  together  with  mots* 
tore  and  the  occasional  vapours  or  exhalations 
of  bodies.  The  upper  atmosphere  seems  to 
be  composed  of  a  huge  proportion  of  hydro, 
gen,  a  fluid  of  so  much  less  spedfic  gravity 
dian  any  other,  Aat  it  must  naturally  ascend 
to  the  highest  place,  where,  being  occasionally 
set  on  fire  by  electridty,  it  appears  to  be  the 
cause  of  the  aurora  boiealis  and  fire  bsDs.  It 
may  easfly  be  understood,  that  this  will  only 
happen  on  the  confines  of  the  respective  masses 
of  common  atmospherical  air,  and  of  the  in. 
flammable  air ;  that  the  combustion  will  ex. 
tend  progressivdy,  though  rapidly,  in  flash- 
ings from  the  place  where  it  commences ;  and 
that  when  by  any  means  a  stream  of  inflam. 
maUe  air,  in  its  progress  toward  the  upper 
atmosphere,  is  set  on  fire  at  one  end,  its  iffA^ 
tion  may  be  much  more  rapid  than  what  hap. 
pens  higher  up,  where  oxygen  is  wanting,  and 
at  the  same  time  more  definite  in  its  figure 
and  progrenon,  so  as  to  form  the  appearance 
ofafirebalL 

To  the  above  speculations,  it  may  probably 
be  objected,  that  the  air  on  the  summit  of 
Mont  Blanc,  and  that  brought  down  from 
still  greater  heights  by  BI.  Oay  Lussae,  in 
an  aerostatic  machine,  gave,  on  analysis,  no 
product  of  hydnwen.  But  the  lowest  esti- 
mate of  the  hdght  of  luminous  meteors,  is 
prodigiously  greater  than  the  highest  deva. 
tioos  to  winch  man  has  reached^ — See  Coac- 

BUSTIOM. 

That  the  air  of  the  atmosphere  is  so  trans- 
parent as  to  be  invisible,  except  by  the  blue 
colour  it  reflects  when  in  vary  Ingp  masses, 
as  is  seen  in  the  sky  or  region  above  us,  or 
in  viewmg  exteodve  Isndscanes;  that  it  is 
without  smdl,  except  that  of  dectridty,  which 
it  sometimes  very  manifestlv  exhibits;  alto- 
gether without  taste,  and  impalpable;  not 
condensable  by  any  degree  of  cold  into  the 
dense  fluid  state,  mou|^  easUy  chsnging  its 
dimensions  witii  its  temperature;  that  it  gra- 
vitates and  is  highly  dastic ;  are  among  the 
numerous  observations  and  discoveries  whidi 
do  honour  to  the  sagadty  of  the  philosophers 
of  the  seventeenth  century.  They  likewise 
knew  that  this  fluid  is  indispensably  necessary 
to  combustion ;  but  no  one,  except  the  great, 
though  neglected,  John  Mayow,  appears  to 
have  formed  any  proper  notion  cf  its  manner 
of  acting  in  that  process. 

The  air  of  the  atmosphere,  like  other  floida, 
appears  to  be  arable  of  holding  bodies  in 
solution.  It  takes  up  water  in  conslderabfe 
quantities,  with  a  dimunition  of  its  own  spe- 
dflc  gmvity;  from  which  drcnmstance,  as 
wdl  as  from  tiie  eonsidenitkm  tiiat  water 
rises  very  plentiftdly  in  the  vaporous  State  l» 
vaeuot  it  seems  probable,  that  the  air  sua- 
penda  vapour,  not  so  much  by  a  imI  adatioD, 
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as  hf  keeping  its  particlce  aninder,  and  |iie- 
fCDting  their  oondensatioD.  Water  likewise 
dbaoliPEs  or  absorbs  air. 

Mere  beating  or  cooling  does  not  affect  the 
fhfmiftsi  properties  of  atmospherical  air;  but 
actoal  combiiBtioa)  or  any  process  of  the  same 
oatoR^  combines  its  oxygen,  and  lares  its 
ffltrogen  separate.  Whenever  a  process  of  this 
kind  is  earned  f»n  in  a  ressel  containing  at- 
mospherical air,  which  is  enclosed  either  by 
inverttog  the  Tcssel  over  mercury,  or  by  stop- 
ptog  its  aperture  in  a  proper  manner,  it  is 
found  that  the  process  cesses  after  a  certaia 
time  ;  and  that  the  remaining  air  (if  a  com- 
husHMf  body  capable  of  solidifying  the  oxygen, 
such  as  phosphorus,  hare  been  employed), 
has  lost  about  a  fifth  part  of  its  rolume,  and 
is  of  sach  a  nature  as  to  be  incapable  of  main. 
tainiog  any  eombiution  for  a  second  time,  or 
of  sapportiBg  the  life  of  animak.  From  these 
cxpefiments  h  is  dear,  that  one  of  the  follow, 
ing  dedactioDS  must  be  true  :-^l.  The  com- 
bostibfe  body  ha^  emitted  some  principle, 
wiiicb,  by  combining  with  the  air,  has  ren- 
daed  it  imfit  for  the  purpose  of  Airther  com- 
boadon;  or,  2.  It  has  absorbed  part  of  the  air 
vhkh  was  fit  for  that  purpose*  and  has  left  a 
Rsidtte  of  a  difierent  nature;  or,  3.  Both 
ereots  hare  happened ;  namely,  that  the  pure 
psrt  of  the  air  has  been  absorboJ,  and  a  prin- 
riplehas  been  emitted,  which  has  changed  the 
original  properties  of  the  remainder. 

The  facts  must  dear  up  these  theories.  The 
first  iodttctxon  cannot  be  true,  because  the  re- 
adoal  air  is  not  only  of  less  bulk,  but  of  less 
mific  gravity,  than  before.  The  air  canuot 
wEtdon  have  recdved  so  much  as  it  has  lost. 
Tbe  aeoond  is  the  doctrine  of  the  philosophers 
shp  deny  the  existence  of  phlogiston,  or  a 
priadple  of  inflammability;  and  the  third 
otiist  be  adopted  by  those  who  maintain  that 
nth  a  principle  escapes  from  bodies  during 
eombosdoa.  This  residue  was  called  phlo- 
gmicated  air,  in  consequence  of  such  an 
opinion. 

In  the  opinion  that  inflammable  air  is  the 
phlogiston,  it  is  not  necessary  to  reject  the 
second  inference,    that  the  air  has  been  no 
otimwise  changed  than  by  the  mere  subtrac. 
tioQ  of  one  of  its  prindples :  for  the  pure  or 
^vaX  part  of  the  air  may  unite  with  inflam- 
asfale  ^ir  supposed  to  exist  in  a  fixed  state  in 
the  combustible  body ;  and  if  the  product  of 
diis  onion  still  continues  fixed,  it  is  evident, 
diat  the  residue  of  the  air,  after  combustion, 
vQl  be  the  same  as  it  would  have  been  if  the 
lisal  part  had  been  absorbed  by  any  other 
fixed  body.    Or,  if  tbe  vital  air  be  absorbed, 
vhik  icflammable  air  or  phlogiston  is  dis- 
^-S^S^  >°^  unites  with  the  aeriform  residue, 
this  residue  will  not  be  heavier  than  before, 
oaless  tiie  inflammable  air  it  has  gained  ex- 
ceeds in  weight  the  vital  air  it  hss  lost ;  and 
if  the  inflammable  air  falls  short  of  that  weigiit, 
dtti^oe  will  be  lighter. 


These  theories  it  was  necessary  to  mention ; 
but  it  has  been  snffidently  proved  by  various 
experiments,  that  combustible  bodies  take 
oxygen  from  the  atmosphere,  and  leave  nitro- 
gffKi  and  that  when  these  two  fluids  sre  again 
mixed  in  due  proportions,  they  compose  a 
mixture  not  differing  from  atmospherioil  air. 
The  respuation  of  animals  produces  the 
same  effect  on  atmospbericsl  air  as  combustion 
does,  and  their  constant  heat  appears  to  be  an 
effect  of  the  same  nature.  When  an  animal  is 
induded  in  a  limited  quantity  of  atmospherical 
air,  it  dies  as  soon  as  the  oxygen  is  consumed ; 
and  no  other  air  will  maintain  animal  life  but 
oxygen,  or  a  mixture  which\;ontains  it.  Pure 
oxygen  maintains  the  life  of  animals  much 
longer  than  atmospherical  air,  bulk  for  bulk. 

it  is  to  be  particularly  observed,  however, 
that,  in  many  cases  of  combustion,  the  oxygen 
of  the  air,  in  combining  with  the  combustible 
body,  produces  a  compound,  not  solid  or 
liquid,  but  aeriform.  The  residual  air  will 
therefore  be  a  mixture  of  the  nitrogen  of  the 
atmosphere  with  the  consumed  oxygen,  con- 
verted into  another  gas*  Thus,  in  burning 
charcoal,  the  carbonic  add  gas  generated, 
mixes  with  the  residual  nitrogen,  and  makes 
up  exactly,  when  the  effect  of  heat  ceases,  the 
bulk  of  the  original  air.  The  breathing  of 
animals,  in  like  manner,  changes  the  oxygen 
into  carbonic  add  gas,  without  altering  the 
atmospherical  volume. 

There  are  many  provisions  in  nature  by 
which  the  proportion  of  oxygen  in  the  atmo- 
sphere, which  is  continually  consumed  in 
respiration  and  combustion,  is  again  restored 
to  that  fluid,  f  n  fact  there  appears,  an  far  as 
an  estimate  can  be  formed  of  the  great  and 
general  operations  of  nature,  to  be  at  least  as 
gieat  an  emission  of  oxvgen,  as  is  sufficient  to 
keep  the  gencrsl  mass  of  the  atmosphere  at  the 
same  degree  of  purity.  Thus  in  volcanic  erup- 
tions there  seems  to  be  at  least  as  much  oxygen 
emitted  or  extricated  by  fire  from  various  mi. 
nerals,  as  is  sufiident  to  maintain  the  com- 
bustion, and  perhaps  even  to  meliorate  the 
atmosphere.  And  in  the  bodies  of  plants  and 
animsls,  which  appear  in  a  great  measure  to 
derive  their  sustenance  and  augmentation  from 
the  atmosphere  and  its  contents,  it  is  found 
that  a  large  propordon  of  nitrogen  exists. 
Most  plants  emit  oxygen  in  tlie  sunshine,  from 
which  it  is  highly  probable  that  they  imbibe 
and  decompose  the  aur  of  the  atmosphere,  re- 
taining carbon,  and  emitting  the  vital  part. 
Lastly,  if  to  this  we  add  the  decomposition  of 
water,  there  will  be  numerous  occasions  in 
which  this  fluid  will  supply  us  with  disengaged 
oxygen;  while,  by  a  very  rational  suppo- 
sition, its  hydrogen  may  be  considered  as 
having  entered  into  the  bodies  of  plants,  for 
the  formation  of  oils,  sugars,  mucilages,  &c. 
from  which  it  may  be  again  extricated. 

To  determine  the  respirubility  or  purity  of 
air,  it  is  evident  that  recourse  must  be  had  ta 
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iu  comparative  efficacy  in  maintainiDg  oom- 
bufitioDi  or  some  other  equivalent  procen. 
This  subject  will  be  oonddered  unoer  the 
article  EuDiOMETsa. 

From  the  latest  and  moat  accurate  expe- 
rimenta,  the  proportion  of  oxygen  in  atmo- 
spheric air  is  by  measure  about  21  per  cent. ; 
and  it  appears  to  be  very  nearly  the  same 
wheth^  it  be  in  this  country  or  on  the  coast 
of  Guinea,  on  low  plains  or  lofty  mountains, 
or  even  at  the  height  of  7250  yards  above  the 
level  of  the  sea,  as  ascertained  by  Gay  Lussac 
in  his  aerial  voyage  in  September  180&  The 
remaiDder  <^  the  air  is  nitrogen,  with  a  small 
portion  of  aqueous  vapour,  amounting  to  about 
1  per  cent,  in  the  driest  weather,  and  a  still 
less  portion  of  carbonic  add,  not  exceeding  a 
thousandth  psrt  of  tlie  whole. 

As  oxygen  and  nitrogen  difier  in  specific 
giavity  in  the  proportion  of  135  to  121,  ac- 
cording to  Kirwan,  and  of  139  to  120  accord- 
iog toDavy,  it  has  been  presumed,  that  the 
oxygen  would  be  more  abundant  in  the  lower 
regions,  and  the  nitrogen  in  the  higher,  if  they 
constituted  a  mere  mechanical  mixture,  which 
appears  contrary  to  the  fiict.  On  the  other 
hand,  it  has  been  urged,  that  they  cannot  be 
in  the  state  of  chemical  combination,  because 
they  both  retain  dieir  distinct  properties  un. 
oltoed,  and  no  change  of  temperature  or 
density  takes  place  on  their  union.  But  per- 
haps It  may  be  said,  that,  as  they  have  no 
repugnance  to  mix  with  each  other,  as  oil  and 
water  have,  the  continual  agitation  to  which 
the  atmosphere  is  exposed,  may  be  sufficient 
to  prevent  two  fluids,  diflfbing  not  more  than 
oxygen  and  nitrogen  in  gravity,  from  separ- 
aUng  by  subsidence,  though  simply  mixed. 
On  the  contrary,  it  may  be  argued,  that  to  say 
chemical  combination  cannot  take  pJaoe  without 
producing  new  properties,  which  did  not  exist 
before  in  the  component  parts,  is  merely  beg- 
gtng  the  question ;  for  though  this  generally 
appears  to  be  the  case,  and  often  in  a  very 
striking  manner,  vet  combination  does  not 
always  produce  a  diange  of  properties,  as  ap- 
pears  in  M.  Biot*s  experiments  with  various 
substances,  of  which  we  may  instance  water, 
the  refraction  of  which  is  precisdy  die  mean  of 
that  of  the  oxygen  and  hydrogen,  which  are 
indisputably  combined  in  it. 

To  get  rid  of  the  difficulty,  Mr.  Dalton  of 
Manchester  framed  an  ingenious  hypothesis, 
that  the  partides  of  diffinrent  gases  neither 
attract  nor  repd  each  other ;  so  that  one  gas 
expands  by  the  repulsion  of  its  own  p»iiii»%^ 
without  any  more  interruption  ft-om  the  pre- 
lence  of  another  gas,  than  if  it  were  in  a 
vacuum.  This  would  account  for  the  state  if£ 
atmospheric  air,  it  is  true ;  but  it  does  not 
agree  with  certain  facts.  In  the  case  of  the 
carbonic  add  gas  in  the  Giotto  dd  Cano,  and 
over  the  8ur&^  of  brewers*  vats,  why  does  not 
this  gas  expand  itself  freely  upward,  if  the 
superincumbent  gases  do  not  press  upon  it  ? 


Mr.  Dalton  himsdf;  too,  instances  aa  an  argu- 
ment for  his  hynothesb,  that  oxygen  and 
hydrogen  gasea,  when  mixed  by  agkation,  do 
not  separate  on  standing.  But  why  should 
dtfaer  oxygen  or  hvdcogen  require  agitation, 
to  diffuse  it  through  a  vacuum,  in  which,  ac- 
cording to  Mr.  Dalton,  it  is  placed? 

The  theory  of  BerthoUet  appears  oonsisleDt 
with  all  thefacu,  and  sufficient  to  account  for 
the  phenomenon.  If  two  bodies  be  cHiable 
of  chemical  combination,  their  partides  must 
have  a  mutual  attraction  for  eadi  other.  This 
attiactioa,  however,  may  be  so  opposed  by 
concomitant  drcumstanoes,  that  it  may  be 
diminished  in  any  degree.  Thus  we  know, 
that  the  affinity  of  aggregation  noay  occanoo  a 
body  to  combine  slowly  with  a  substance  for 
which  it  has  a  powerful  affinity,  or  even 
entirdy  prevent  its  combining  with  it;  the 
presence  of  a  third  substance  may  equally 
prevent  the  combination;  and  so  may  the 
absence  of  a  certain  quandty  of  caloric.  But 
in  all  these  cases  the  attraction  of  the  paitides 
must  subsist,  thou^  diminished  or  coun- 
teracted by  opposing  drcumstanoes*  Now  we 
know  that  oxygen  sod  nitrogen  are  capable  of 
combination ;  their  partides,  therefore,  must 
attract  each  other;  but  in  the  dicumstances 
in  which  they  are  placed  in  our  atmosphere^ 
that  attraction  is  prevented  from  exssrtittg  iu 
self  to  such  a  degree  as  tO'  form  them  into  a 
chemical  compound,  tiiiough  it  operates  with 
sufficient  force  to  prevent  their  separating  by 
their  difierence  of  specific  gravity.  Thna  tiie 
state  of  the  atmosphen  is  accounted  fiv,  and 
every  difficulty  obviated,  without  any  new 
hypothesisL 

The  exact  specific  gravity  of  atmospherical 
air,  compared  to  that  of  water,  Is  a  very  nice 
and  important  problem.  By  reducing  to  60*» 
Fabr.  and  to  30  Inches  of  the  barameter,  the 
results  obtained  with  gnat  care  by  MM.  Bioc 
and  Arago,  the  speafic  gravity  of  atmei. 
spherical  air  appears  to  be  0.001220,  water 
being  represented  by  1.000000.  This  rdation 
expressed  fractionally  is  -g^  or  water  is  820 
times  denser  than  atmospherical  air.  Mr. 
Rice,  in  the  77th  and  78th  numbers  of  the 
Annals  of  Philosophy,  deduces  from  Sir 
George  Shuckburgh*s  experiments  0.00120855 
for  the  specific  gravity  of  air.  This  number 
gives  water  to  air  as  827.437  to  1.  If  with 
Mr.  Rice  we  take  the  cubic  inch  of  water  = 
262.626  gr.  then  100  cubic  inches  of  air  by 
Blot's  experiments  will  weigh  90UiOB  graina, 
and  by  Mr.  Rioe*s  estimate  SOJilO.  He  con. 
aders  with  Dr.  Prout  the  asmosphera  to  be  a 
compound  of  4  volumes  of  nitnMen,  and  1  of 
oxygen;  the  spedfic  gravity  of  the  fint  being 
to  that  of  the  second  as  1.1111  toO.9722. 
Hence 

a8  vol.  nitr.  sp.  gr.  a001166  =aoO09S3 
0.2  oxy.  0.001340  =:  0.000288 

0.001201 


ALA 


115 


ALB 


2%e  mmbtn  are  tran^poied  in  the  Annab 
tf  Pbiloapiphy  by  eomeiiiateke. 

MM.  Biet  and  Aiago  fouod  the  specific 
gHvi^ofoxygai  tobe  .    1.10369 

ndthatofnitxoeeD,  •        .    0.96913 

air  being  leckon^  .     1.00000 

Or  compared  to  water  as  unity,-^ 
NHragen  is  0.001182338 

OxygBB,  0.001348379 

Ani  04  Ditnigen  =0.0009458? 

0i2  oxygen  =a00020927 


0.79  BiiJrugen 
O1.8I  oxygen 


0.00121614 

=0.000934 
=0.000983 


0.001217 
A  mmiber  winch  appmacbes  very  nearly  to 
die  lesoh  of  experiment.  Many  analogiea, 
it  moat  be  confisaied,  fiivoor  Dr.  Proat's  pro- 
ijortiflm;  but  die  greater  number  ofexperi- 
I  OB  the  ecanpoaition  and  denrity  of  the 
jiee  with  Biot's  results.  Notfarag 
can  decide  theae  fiindamcntsl  chemical  pn>- 
pQrtiflos  except  a  new,  elaborate,  and  most 
■iBBtely  aeeumte  series  of  experiments.  We 
■bsU  dien  know  whether  the  atmosphere  con- 
taias  ni  Yoinme  20  or  21  per  cent,  of  oxygen. 
See  MsTSomoLOOT  and  Gas. 
ALAUTB.  SeeBiopsma. 
ALABASTER.  Among  the  stones  whidi 
iR  kaowB  by  the  name  of  marble,  and  have 
been  distingiiiBlied  by  a  considerable  variety 
tf  ibnsmiiwrions  by  statnaiies  and  others, 
vbsse  altentinn  la  more  directed  to  their  ex- 
teml  chamcter  and  appearance  than  their 
Tfin|iinwrt  parts,  alabasters  are  those  which 
baie  a  |[^eaCer  or  less  degree  of  imperfect 
tnosparenoy,  a  granular  texture,  are  softer, 
Hke  a  didler  polish  than  marble,  and  are 
BnaDy  of  a  whiter  eolour.  Some  stones,  how- 
ever, of  a  voned  and  coloured  appearance, 
ksfeboen  considered  as  ahbasters,  from  their 
roawsing  the  flnt  mentioned  criteiion ;  and 
same  tauMpaient  and  yellow  spany  stones 
have  alsorooeived  this  appellation. 

Chemists  are  at  present  agreed  in  applying 
ftis  name  only  to  such  opaque,  consistent! 
ad  aeuiitisiisporent  Mooes,  as  are  composed 
sf  Hue  united  with  die  sulphuric  add.  But 
Ihe  tenn  is  mndi  more  frequent  among  masons 
aad  statnoies  than  chemistB.  Chonists  in 
lenessl  oonfonnd  die  alabasters  among  the 
ademies,  gypawaa,  or  niaster  of  Paris,  more 
cspedaQy  when  they  allude  only  to  the  com. 
posent  porta,  without  having  occasion  to  oon- 
lider  the  external  appearance,  in  which  only 
these  sevexal  compounds  difRr  (nun  each  other. 
At  the  seni^ypaque  appearance  and  gra- 
Bolar  texture  arise  merely  fiom  a  disturbed  or 
aieeeadve  qytallivalioH,  which  would  else 
have  fbnned  tiansparent  spars,  it  is  accord- 
Biglj  found,  that  the  calcareous  stalactites,  or 
itap-moaa,  fermed  by  the  transition  of  water 


thiongfa  the  roofs  ofcavemk  in  a  calcareoos 
soil,  do  not  difler  in  appearance  from  the 
alabaster,  most  of  which  is  also  formed  in  this 
manner.  But  the  calcareous  stalacdtes  here 
8p<^en  of  consist  of  calcareous  earth  and  car- 
bonic add ;  whOe  the  alabaster  of  the  chemists 
is  formed  of  the  same  earth  and  solphnric  add, 
as  has  already  been  remarked. 

ALBIN.  A  mineral  discovered  at  Mo- 
naberg,  near  Aussig,  in  Bohemia ;  and  being 
of  an  opaque  white  cdonr,  has  been  csUed,  by 
Werner,  AUfin.  Aggregated  crystalUne  laminas 
constitute  massive  albio.  Small  crystals  of 
it  in  right  prisms,  whose  summits  consist  of 
four  qnadrsngular  planes,  are  found  sprinlded 
over  mammdsled  masses  in  cavities.  See 
Zeolite. 

ALBITE.    A  mineral  in  crystals,  f^ 

nidy,  or,  almost  alwavs,  met  under  the 
of  hendtrcpet.  These  hemitropes  are 
formed  when  two  (xystals  are  so  joined  to  each 
other,  that  the  upper  plane  of  the  one  is  ap- 
plied upon  the  inferior  plane  of  the  other.  See 
Clbavelahdits,  wiuch  Is  the  name  now 
given  to  this  mineral. 

ALBUM  GRi&CUM.  Innumerable  are 
die  instances  of  fanciful  speculation  and  absurd 
credulity  in  the  invention  and  application  of 
subjects  in  die  more  sndent  matma  medica. 
The  white  and  sdid  excrement  of  dogs,  which 
subsist  chiefly  on  bones,  was  reodved  as  a 
remedy  in  the  medical  ait,  under  the  name  of 
Album  Grscum.  It  consists,  for  the  most 
part,  of  die  earth  of  bones  or  lime,  in  com- 
bination with  phosphoric  add. 

ALBUMEN.  This  substance,  which  de« 
rives  its  name  fhxn  the  Latin  for  the  white  of 
an  egg,  in  which  it  exists  abundandy,  and  in 
its  purest  natural  state,  is  one  of  the  chief 
constituent  prindples  of  all  the  animal  solids. 
Beside  the  white  of  egg,  it  abounds  in  tlie 
serum  of  blood,  the  vitreous  and  crvstaltine 
humours  of  the  eye,  and  the  fluid  of  dropsy. 
Fourcroy  daims  to  himself  the  honour  of  hav- 
ing  discovered  it  in  the  green  foculs  of  plants 
in  general,  particularly  in  those  of  the  crudfonn 
order,  in  very  young  ones,  and  in  the  fresh 
shooU  of  trees,  dwogh  Roudle  appears  to 
have  detected  it  there  long  before.  Vau- 
qnelin  says  it  exists  also  in  the  mineral  water 
of  Plombieres. 

M.  Seguin  has  fbnnd  it  in  remarkable  quan- 
tity  in  sudi  vegetables  as  ferment  without 
yeast,  and  afibrd  a  vinous  liquor;  and  from  a 
series  of  experiments  he  infers,  that  albumen 
is  the  true  prindple  of  fermentation,  and  that 
its  action  is  more  powerful  in  proportion  to  its 
solubility,  three  difierent  degrees  of  which  he 
found  it  to  possess. 

The  chief  characteristic  of  albumen  is  its 
coagulability  by  die  action  of  heat.  If  the 
white  of  an  egg  be  exposed  to  a  heat  of  about 
134**  F.  white  fibra  begin  to  appear  in,it,and 
at  160i»it  coagulates  into  a  sobd  naasa.  In  a 
heat  not  exceeding  212«  it  dries,  shtmks,  and 
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asfumes  the  appearanoe  of  horn .  It  is  soloble 
in  cold  water  befoK  it  has  been  coagulated, 
but  not  aflei ;  and  when  diluted  with  a  very 
large  portion,  it  doeii  not  coagulate  easily. 
Pure  alkalis  dissolve  it,  even  after  coagulaUon. 
It  is  precipitated  by  muriate  of  mercury,  nitro- 
muriate  of  tin,  aceUte  of  lead,  nitrate  of  silver, 
muriate  of  gold,  infusion  of  galls,  and  tannin. 
The  acids  and  metallic  oxides  coagulate  albu- 
men. On  the  addition  of  concentrated  sul- 
phuric add,  it  becomes  black,  and  exhales  a 
nauseous  smell.  Strong  muriatic  acid  gives 
a  violet  tinge  to  the  coagulum,  and  at  length 
becomes  saturated  with  ammonia.  Nitric  add, 
at  700  F.  disengages  from  it  abundance  of 
asotic.  gas;  and  if  the  heat  be  increased, 
prussic  add  is  formed,  after  which  carbonic 
add  and  carburetted  hydrogen  axe  evolved, 
and  the  residue  consists  of  water  containing  a 
little  oxalic  add,  and  covered  with  a  lemon- 
coloured  fat  oil.  If  dry  potash  or  soda  be 
triturated  with  albumen,  either  liquid  or  solid, 
ammoniacal  gas  is  evolved,  and  the  calcination 
of  the  residuum  yields  an  alkaline  prussiate. 

On  exposure  to  the  atmosphere  in  a  moist 
sute,  albumen  passes  at  oi^ce  to  the  state  of 
putrefaction. 

Solid  albumen  may  be  obtained  by  agitat- 
ing white  o£  egg  with  ten  or  twelve  times  its 
weight  of  alcohoL  This  seizes  the  water  which 
held  the  albumen  in  solution ;  and  this  sub- 
stance is  predpitated  under  the  form  of  white 
flocks  or  filaments,  which  cohesive  attraction 
renders  insoluble,  and  which  consequently  may 
be  freely  washed  with  water.  Albumen  thus 
obtained  is  like  fibrine,  solid,  white,  insipid, 
inodorous,  denser  than  water,  and  without 
action  on  vegetable  colours.  It  dissolves  in 
potash  and  soda  more  easily  than  fibrine ;  but 
in  acetic  add  and  anmionia  with  more  diffi. 
culty.  When  these  two  animal  prindplesare 
separately  dissolved  in  potash,  muriatic  add 
added  to  the  albuminous  does  not  disturb  the 
solution,  but  it  produces  a  doud  in  the  other. 

Fourcroy  and  several  odier  chemists  have 
ascribed  the  characteristic  coagulation  of  al. 
bumen  by  heat  to  its  oxygenation.  But  co- 
hesive attraction  is  the  real  cause  of  the  phe. 
nbmenon.  In  proporticm  as  the  temperature 
rises,  the  particles  of  water  and  albumen  recede 
from  each  other,  their  affinity  diminishes,  and 
then^  the  albumen  predpitatea.  However,  by 
uniting  albumen  with  a  large  quantity  of 
water,  we  diminish  its  coagulating  property  to 
such  a  degree,  that  heat  renders  the  solution 
merely  opodesoent.  A  new-laid  egg  yields  a 
soft  coagulum  by  boiling ;  but  when,  by  keep, 
inff,  a  portion  of  the  water  has  transuded  so  as 
to  leave  a  void  space  within  the  shell,  the  con- 
centrated  albumen  afibrda  a  firm  coagulum. 
An  analogvus  phenomenon  is  exhibited  by  ace- 
tate of  alumina,  a  solution  of  which,  being 
heated,  gives  a  predpitate  in  flakes,  which  re- 
dissolve  as  the  caloric  which  separated  the 
partides  of  acid  and  base  escapes,  or  as  the 


temperature  falls.  A  solution  containing  ^ 
of  dry  albumen  forms  by  heat  a  solid  coa- 
guhtm ;  but  when  it  contains  only  1^,  it  gives 
a  glairy  liquid.  One  thousandth  part,  hoir. 
ever,  on  applying  heat,  occasions  opaleaoenoe. 
Putrid  white  of  .egg,  and  the  pus  ai  oloen, 
have  a  similar  smell.  Aooordiog  to  Dr.  Bos- 
tock,  a  drop  of  a  saturated  solutiott  of  cor- 
rosive sublimate  let  fall  into  water  oontak' 
7^^  of  albumen,  occasions  a  milkiness  < 
cuidy  predpitate.  On  adding  a  slight  ex 
of  the  mercurial  solution  to  the  albuminoua 
liquid,  and  applying  heat,  the  predpitate  which 
falls,  being  dried,  contains  in  every  7  parts,  6 
of  albumen.  Hence  that  salt  ia  die  moat  de-> 
licate  test  of  this  animal  product.  The  yellow 
pitchy  predpitate  occasioned  by  tannin  is  brit- 
tie  when  dried,  and  not  liable  to  putre&ctioii. 
But  tannin,  or  infusion  of  galls,  is  a  nradi 
nicer  test  of  gelatin  than  of  idbumen. 

The  cohesive  attraction  of  coagulated  al- 
bumen makes  it  resist  putrefaction.  In  this 
state  it  may  be  kept  for  weeks  under  water 
without  suffering  change.  By  long  digettioii 
in  weak  nitric  acid,  albumen  seems  convertible 
into  gelatin.  By  the  analysis  of  Gay  Lassac 
and  'Dienard,  1 00  parts  of  albumen  are  formed 
of  52.883  carbon,  23.872  oxygen,  7.540  hy- 
drogen, 15.705  nitrogen ;  or  in  other  terms,  of 
52.883  carbon,  27-127  oxygen  and  hydro, 
gen,  in  the  proportions  for  constituting  water, 
15.705  nitx^en,  and  4.285  hydrogen  in  ex- 
cess. The  negative  pole  of  a  voltaic  pile  in 
high  activity  coagulates  albumen ;  but  if  the 
pile  be  feeble,  coagulation  goes  on  only  at  the 
positive  surface.  Albumen,  in  such  a  state  of 
concentration  as  it  exists  in  serum  of  blood, 
can  dissolve  some  metallic  oxides,  particularly 
the  protoxide  of  iron.  OrfiU  has  found  white 
of  egg  to  be  the  best  antidote  to  the  poiMuiouB 
effects  of  corrosive  sublimate  on  tl^  human 
stomach.  As  albumen  occasions  predpitatee 
with  the  solutions  of  ahnost  every  metaUie 
salt,  probably  it  may  act  beneficially,  agamat 
other  spedes  of  minoal  poison. 

From  its  coagulability  albumen  is  of  great 
use  in  clarifying  liquids.    See  Glakifica- 

TIOK. 

It  is  likewise  remarkable  ibr  the  propeity  of 
rendering  leather  supple,  for  which  purpose  a 
8olutk>n  of  whites  of  eggs  in  water  is  used  by 
leather-dressers;  and  hence  Dr.  Lobts  of 
Yeovil,  in  Somersetshire,  was  indooed  to  em- 
ploy this  solution  in  caaes  of  contraction  and 
rigidity  of  the  tendons,  and  derived  fiom  it 
apparent  success. 

Whites  of  q;gs  beaten  in  a  basin  with  a 
lump  of  alum,  till  they  coagulate,  form  the 
alum  curd  of  Riverius,  or  alum  catapUum  of 
the  London  Pharmacopoeia,  used  to  remove 
inflammations  of  the  eyes. 

ALBURNUM.  The  interior  white  bark 
oftrees. 

ALCARRAZAS.  A  spedes  of  porous, 
pottery  made  in  Spain,  for  the  pun>ose  of 
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'  by  its  tnntudadon  and  copious 
enpofBtion  fi«n  the  ndes  of  the  vend.  M. 
Daroet  gires  the  following  as  the  analysis  of 
dae  clay  which  ia  empIoyMl  for  the  puipose : 
6^  ealeareoos  earth,  mixed  with  alumina  and 
a  little  peroxide  of  iron,  and  36  of  siliceous 
earth,  mixed  with  a  httle  alumina  In  work- 
ng  up  die  earths  with  water,  a  quantity  of 
salt  w  added,  and  dried  in  it.  The  pieces  are 
only  half  baked. 

ALCHEMY.  A  title  of  dignity,  given  in 
the  dark  ages;,  by  the  adepts,  to  the  mystical 
m  by  whidi  they  professed  to  find  the  philo- 
•opfaet's  stone,  Uiat  was  to  transmute  base 
metab  inio  gold,  and  prepare  the  elixir  of  life. 
Though  aTarice,  ftaud,  and  folly  were  their 
motirea,  yet  their  experimental  researches  were 
iMtraTOcntal  in  promoting  the  progress  of  che- 
mical fiseovfty.  Hence,  in  particiuar,  metallic 
pharmacy  derived  its  origin. 

ALCOHOL.  This  term  is  applied  in 
striuijcas  only  to  the  pure  spirit  obtainable  by 
dtstiDatioii  and  subsequent  rectification  from 
all  liquids  that  have  undergone  vinous  fcr. 
moitatioD,  and  from  none  but  such  as  are 
nsceptibile  of  it.  But  it  is  commonly  used 
to  ngnify  this  spirit  more  or  less  int))erfcct]y 
ficed  from  water,  in  the  state  in  which  it  is 
ttsoaOy  met  with  in  the  shops,  and  in  which, 
IS  it  was  first  obtained  from  the  juice  of  the 
gispe,  it  was  long  distinguished  by  the  name 
of  spirit  of  wine.  At  present  it  is  extracted 
dwdy  from  grain  or  melasses  in  Europe,  and 
from  the  juice  of  the  sugar-cane  in  the  West 
ladies;  and  in  the  diluted  state  in  which  it 
ceouDonly  occurs  in  trade,  constitutes  the  basis 
of  the  several  spirituous  liquors  called  brandy, 
rsm,  pn^  wfaiaky,  and  cordials,  however  va- 
twoLj  denominated  or  disguised. 

As  we  are  not  able  to  compound  alcohol  im- 
nediatdy  Irom  its  ultimate  constituents,  we 
have  reeoorae  to  the  process  of  fermentation, 
Isy  wiikfa  its  principles  are  first  extricated  from 
the  sobatances  in  which  they  were  combined, 
and  then  united  into  a  new  compound ;  to  dis- 
tillatioD,  by  which  this  new  compound,  the 
akoboi,  is  separated  in  a  state  of  dilution  with 
wster,  and  contaminated  with  essential  oil; 
sod  to  teettficaiion,  by  which  it  is  ultimately 
freed  fiom  thesct 

It  appears  to  be  essential  to  the  fermentation 
of  atoobol,  that  the  fermenting  fluid  should 
contain  saccharine  matter,  which  is  indispens- 
able to  that  species  of  fermentation  called  vi- 
BOQs.  In  Fruice,  where  a  great  deal  of  wine 
is  made,  particulariy  at  the  eommenoement  of 
dw  vintage,  that  is  too  weak  to  be  a  saleable 
commodity,  it  is  a  common  practice  to  subject 
this  wine  to  distiOatioo,  in  order  to  draw  off 
the  spirit ;  and  as  the  essential  oil  that  rises  in 
this  procets  is  of  a  more  pleasant  flavour  than 
that  of  malt  or  melasses,  the  French  brandies 
are  preferred  to  any  other ;  though  even  in  the 
favour  of  the»e  there  is  a  difl&reoce,  according 
ts  the  wine  from  which  they  are  produced.   In 


the  West  Indies  a  spirit  is  obtained  fhim  the 
juice  of  the  sugar-cane,  which  is  highly  im- 
I»regnated  with  its  essential  oil,  and  wdl  known 
by  the  name  of  rum.  The  distillers  in  this 
country  use  grain,  or  melasses,  whence  they 
distinguish  the  products  by  the  name  of  tnait 
spirits  and  melasses  spirits.  It  is  said  that  a 
very  good  spirit  may  be  extracted  from  the 
huaks  of  gooseberries  or  currants,  nfter  wine  has 
been  made  from  them. 

As  the  process  of  malting  developes  tlic  sac- 
charine principle  of  grain,  it  would  appear  to 
render  it  fitter  for  the  purpose ;  though  it  is 
the  common  practice  to  use  about  six  pans 
clf  raw  grain  with  one  of  malt.  For  this  two 
reasons  may  be  assigned:  by  using  raw  grain 
the  expense  of  malting  is  saved,  as  well  as  the 
duty  on  malt ;  and  the  process  of  malting  re. 
quires  some  nicety  of  attention,  since,  if  it  be 
carried  too  far,  part  oi  the  saccharine  matter 
is  lost,  and  if  it  be  stopped  too  soon,  this  mat. 
ter  will  not  be  wholly  developed.  Besides,  if 
the  malt  be  dried  too  quickly,  or  by  an  un- 
equal heat,  the  spirit  it  yields  will  be  less  in 
quantity,  and  more  unpleasant .  in  flavour. 
Another  object  of  economical  consideration  is, 
what  grain  will  aflbrd  the  most  spirit  in  pio- 
portion  to  its  price,  as  well  as  the  best  in  qua. 
lity.  Barley  appears  to  produce  less  spirit 
than  wheat ;  and  if  three  parts  of  raw  wheat 
be  mixed  with  one  of  malted  barley,  the  pro. 
duce  is  said  to  be  particularly  fine.  This  is 
the  practice  of  the  distillers  in  Holland  for 
producing  a  spirit  of  the  finest  quality;  but 
m  England  they  are  expressly  protiibitcd  from 
using  more  than  one  part  of  wheat  to  two  of 
other  grain.  Rye,  however,  aflfbrds  still  more 
spirit  than  wheat. 

The  practice  with  the  distillers  in  Scotland 
is  to  use  one  part  of  malted  with  from  four  to 
nine  parts  of  unmalted  grain.  This  mixture 
yields  an  equal  quantity  of  spirit,  and  at  a 
much  cheaper  rate  than  when  the  former  pro- 
portions  are  taken. 

Whatever  be  the  grain  employed,  it  must 
be  coarsely  ground,  and  then  mixed  carefully 
with  a  little  cold  water,  to  prevent  its  run- 
ning into  lumps ;  water  about  140^  F.  may 
then  be  added,  till  it  is  euflidently  mashed ; 
and  to  tbe  drained  off  wort,  yeast  is  added. 
The  wort  is  then  to  be  allowed  to  ferment 
in  a  covered  vessel,  to  which,  however,  the  air 
can  have  access.  Attention  must  be  paid  to 
the  temperature :  for  if  it  exceed  87®  F.  the 
fermentation  will  be  too  rapid  ;  if  it  be  below 
60*,  the  fermentation  will  cease.  The  mean 
between  these  will  generally  be  found  most 
favourable.  In  this  country  it  is  the  more 
common  practice  to  mash  the  grain  as  for 
brewing  malt  liquors,  and  boil  the  worL  But 
in  whioicver  way  it  be  prepared,  or  if  the  teash 
(so  the  liquor  intended  for  distillation  is  called) 
be  made  from  melasses  and  water,  due  atten- 
tion  mu«t  be  paid  to  the  fermentation,  that  it 
be  continued  till  the  liquor  grows  fin:,  aiid 
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pungent  to  the  toirte,  which  will  genenllj  be 
about  the  third  day,  but  not  so  long  as  to  per- 
mit the  acetous  fensentation  to  commence. 

In  this  state  the  wash  is  to  be  committed  to 
the  still,  of  which,  including  the  head,  it  should 
occupy  at  least  three-fburths ;  and  distilled  with 
a  genUe  heat  as  long  as  any  spirit  comes  over, 
which  will  be  till  a&nit  half  the  wash  is  oon- 
eumed.  The  more  slowW  the  distillation  is 
conducted,  tKe  less  will  the  product  be  con- 
taminated with  essential  oil,  and  the  less  dan- 
ger will  there  be  of  empyreuma.  A  great  saving 
of  time  and  fuel,  however,  may  be  obtained  by 
making  the  still  very  broad  and  shallow,  and 
contriving  a  free  exit  for  the  steam.  This  has 
been  carried  to  such  a  pitch  In  Scotland,  that 
a  still  measuring  43  «dlons,  and  cantaining 
16  gallons  of  wash,  nas  been  charged  and 
worked  no  less  than  four  hundred  and  eidlity 
times  in  the  space  of  twen^-four  hours.  Tliis 
would  be  inoedible,  were  it  not  established  by 
unquestionable  evidence.  See  Labo&atokt, 
article  Still. 

The  above  wonderful  rapidly  of  distillatian 
has  now  ceased  since  the  excise  duties  have 
been  levied  on  the  quantity  of  spirit  produced, 
and  not,  as  formerly,  by  the  size  of  the  stUL 
Hence,  too,  the  spirit  is  probably  improved  in 
flavour. 

The  first  product,  technically  termed  Ufw 
vlfif ,  is  again  to  be  subjected  to  distillation, 
the  latter  portions  of  what  comes  over,  called 
JHnti,  being  set  apart  to  be  put  into  the  wash- 
atiU  at  some  future  operation.  Thus  a  large 
portion  of  the  watery  part  is  left  behind.  This 
second  product,  tenned  raw  tpirit^  being  dis- 
tilled  agam,  is  called  rectified  spirit.  It  is 
■  calculated,  that  a  hundred  gallons  of  malt  or 
com  wash  will  not  produce  above  twenty  of 
spirit,  containing  €0  parts  of  alcohol  to  50  of 
water:  the  same  of  cyder  wash,  15  gallons; 
and  of  melasses  wash,  22  gallons,  llic  most 
spirituous  wines  of  France,  those  of  Langue- 
doc,  Ottienne,  and  Rousillon,  yield,  acoOToing 
to  Chaptal,  from  20  to  25  gallons  of  excellent 
brandy  from  100 ;  but  those  of  Burgundy  and 
Champagne  much  less.  Brisk  wines  contain- 
ing much  carbonic  acid,  from  the  fermentation 
having  been  stopped  at  an  early  period,  yield 
the  least  spirit 

The  spirit  thus  obtained  ought  to  be  colour- 
less,  ana  free  from  any  disaj^eeable  flavour ; 
and  in  this  state  it  is  fittest  for  pharmaceutical 
purposes,  or  the  extraction  of  tinctures.  But 
ror  ordinary  sale  something  more  is  required. 
The  brandy  of  France,  which  is  most  in  esteem 
here,  though  perfectly  colourless  when  fost 
made,  and  of^en  preserved  so  for  use  in  that 
country,  by  being  lEept  in  glass  or  stone  bottles, 
is  put  into  new  oak  casks  for  exportation, 
-whence  it  soon  acquires  an  amber  colour,  a 
peculiar  flavour,  and  something  like  an  unc- 
tuosity  of  consistence.  As  it  is  not  only  prized 
fbr  these  qualities,  but  they  are  commonly 
deemed  essential  to  it,  the  English  distiUer 
fanltates  by  design  these  accidental  j^ualities. 


The  inost  obvious  and  natural  nietbod  of  doing 
this  would  be  by  impregnating  a  pure  spirit 
with  the  extractive,  resinous,  and  oolounng 
matter  of  oak  shavings ;  but  oiher  noodes  have 
been  contrived.  Tlie  dulcified  spirit  of  nitre, 
as  it  is  called,  is  coomuNily  used  to  give  die 
flavour ;  and  catechu,  or  burnt  sugar,  to  im^ 
part  the  desired  colour.  A  French  writer  has 
recommended  three  ounces  and  a  half  of  fineljr 
powdered  charcoal,  and  four  ounces  and  a  half 
of  ground  rioe,  to  be  digested  fbr  a  fbrtnigfat 
in  a  quart  of  nialt  spirit. 

The  finest  gin  is  said  to  be  made  in  HoQand, 
from  a  roirit  drawn  from  wheat  mixed  with  a 
third  or  fourth  part  of  malted  barley»  and  twice 
rectified  over  juniper  benics ;  but  in  genenl 
rye  meal  is  used  instead  of  wheat.  They  pay 
so  much  regard  to  the  water  empbyed,  that 
many  send  vessels  to  fetch  it  on  puipoae  firom 
theMeuse;  but  all  use  the  softest  and  deazest 
river  water  they  can  gcL  In  England  it  is  the 
common  practice  to  add  oil  of  turpentine,  in 
the  proportion  of  two  ounces  to  ten  gallons  of 
raw  spirit,  with  three  handfuls  of  bay  salt, 
and  drawn  off  till  the  feinta  begin  to  rise. 

But  com  or  mebsses  spirit  is  flavoured  like- 
wise by  a  variety  of  aromatics,  with  or  without 
sugar,  to  please  difierent  palates ;  all  of  which 
are  included  under  the  general  technical  tetm 
of  cotnpoundi  or  cordialt. 

Other  articles  have  been  empbyed,  though 
not  generally,  for  the  fabrication  of  spirit,  as 
carrots  and  potatos;  and  we  are  lately  in- 
formed by  Professor  Proust,  that  ficom  the  fruit 
of  the  carob  tree  be  has  obtained  good  brandy 
in  the  proportion  of  a  pint  from  five  pounds  of 
the  dried  fruit. 

To  obtain  pure  alcohol,  different  processes 
have  been  recommended ;  but  the  purest  rec- 
tified spirit  obtained  as  above  described,  being 
that  which  is  least  contaminated  with  foragn 
matter,  should  be  employed.  RoueUe  recom- 
mends to  draw  off  half  die  spirit  in  a  water 
bath ;  to  rectify  this  twice  more,  drawing  off 
two-thirds  each  time;  to  add  water  to  this 
alcohol,  which  will  turn  itmilkybysqiaiating 
the  essential  oil  remaining  in  it ;  to  mstil  the 
spirit  from  this  water ;  sod  finally  rectify  it 
by  one  more  <iifri1lftt<<WT 

Baum4  sets  apart  the  first  running,  when 
about  a  fourth  is  come  over,  and  continues  the 
distillation  till  he  has  drawn  off  about  as  much 
more,  or  till  the  liquor  runs  off  milky.  The 
last  running  he  puts  into  the  still  a^fai,  and 
mixes  the  first  half  of  what  comes  over  with 
the  preceding  first  product.  This  process  is 
again  repeat^  and  all  the  first  products  being 
mixed  together,  are  distilled  af^reah.  When 
about  half  the  Uquor  is  come  over,  tins  is  to 
be  set  apart  as  pure  aloohoL 

Alcohol  in  this  state,  however,  is  not  so 
pure  as  when,  to  use  the  language  of  the  old 
chemists,  it  has  been  depHlegnutUd^  or  still 
further  freed  firom  water,  by  means  of  some 
alkaline  salt.  Boerhaave  recommended,  fbr 
this  purpose,  the  muriate  of  soda,  deprived  of 
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iti  viler  of  acyttiJMmti&m  by  heat,  and  added 
IM  tt>  the  spirit.  But  tlie  mibcarbonate  of 
fotMh  is  MefenUe.  About  a  third  of  the 
«B^  of  die  alcohol  should  be  added  to  it  in 
a ^aa  iiiaml,  well  ahaiken,  and  then  loffiaed 
iDaabndeb  Tlieaaltwill  be  moistened  by  the 
water abaorbed from  the  alcohol;  which  being 
dfiraiUfd^  mme  of  the  salt  is  to  be  added,  and 
tins  in  to  be  oolitimied  till  tlie  salt  falls  dry  to 
the  bottom  of  the  veaeL  The  alcohol  in  this 
state  viD  be  leddened  by  a  portion  of  the  pure 
potarii,  which  it  will  hold  in  solution,  ftom 
whieh  It  moat  be  freed  by  distillation  in  a 
water  bath.  Dry  muriate  of  lime  may  be  sub- 
stStnted  advantageously  for  the  alkali. 

By  mrinsing  dilute  aloobol  in  a  bladder,  the 
water  exudea,  and  the  spirit  is  conoentnted. 
SoinBDacring  saya,  Uiat  if  we  put  alcohol  of  a 
mndwair  strength  into  an  ox's  bladder,  or  a 
calTa,  coated. with  isinglawi,  and  suspend  it 
over  a  sand  bath,  in  a  few  days  the  alcohol 
wiO  loae  CDC^borth  of  its  bulk,  and  be  found 
qidie  fine  fiom  water,  or  become  absolute  al- 
tokoL     Gior.  diFuicA,  viL  239. 

Aa  alcohol  is  modi  lighter  than  water,  its 
sperific  grarifcy  is  adopted  as  the  test  of  its 
parity.  Foarooy  coolers  it  as  rectified  to 
the  fauheat  point  when  its  specific  gravity  is 
829,  that  of  water  being  1000 ;  and  perluqro 
tins  is  Deari.y  aa  far  aa  it  can  be  carried  by  the 
praoBsaof  Boodle  or  Bamn6  simply.  M.  Bones 
Ibaod  the  first  measure  that  came  over  from 
twenty  of  B|nrit  at  836  to  be  820,  at  the  tern. 
( of  71^  F.  Sir  Charles  Bl^en,  by  the 
I  of  alkali,  brought  it  to  813,  at  60o  F. 
ofissses  to  Ittve  reduced  it  to  708 ; 
bst  he  gives  908.36  as  the  specific  gravity  of 
water.  liowits  asserts  that  he  has  obtained  it 
at  791,  by  adding  as  much  alkali  as  nearly  to 
afaaorb  the  spirit ;  but  the  temperature  is  not 
indicated.  In  the  shops  it  is  about  835  or 
840 :  acooeding  to  the  London  College  it  should 
he  815. 

It  is  by  no  means  an  easy  undertaking  to  de. 
tenmne  the  strength  or  reUctive  value  of  spirits, 
cvai  with  aufficient  accuracy  for  commercial 
putpeaes.  The  following  requisites  must  be 
oblaiBed  before  this  can  be  well  done :  the  spe- 
dfic  gravity  of  a  certain  number  of  mixtures 
of  aloobol  and  water  must  be  taken  so  near 
each  other,  as  that  the  faitermediate  specific 
gravitiea  mafy  not  peiveptibly  differ  from  those 
dcdncsd  Ifom  the  supposition  of  a  mere  mix- 
tore  of  the  fluids ;  the  ezpanrions  or  variations 
of  speeific  gmvity  in  these  mixtures  must  be 
d-Jtcsmined  at  difierent  temperatures;  some 
easy  method  must  be  contrived  of  determining 
the  presenee  and  quantity  of  saccharine  or  ole- 
aginous  matter  whidi  the  spirit  may  hold  in 
solution,  and  the  effixt  of  such  solution  on  the 
specific  gravity;  and  lastly,  the  specific  gra^ 
ri7  of  the  flnJd  muat  be  ascertained  by  a  pro- 
per floating  instrument  with  a  graduated  stem, 
or  set  of  weights;  or,  which  may  be  more  con- 
venient, with  both. 
The  stiength  of  bnmdies  in  commerce  is 


judged  by  the  phial,  or  by  burning.  The  phial 
proof  consists  in  agitating  the  spirit  in  a  bottle, 
and  observing  the  form  and  magnitude  of  the 
bubbles  that  collect  round  the  edge  of  the  li- 
qnor,  tedmically  termed  the  bead^  which  are 
larger  tlie  stronger  the  spirit.  These  probably 
depend  on  the  solution  of  resinous  matter  from 
the  cask,  which  is  taken  up  in  greater  quan- 
tities, the  stronger  the  spirit.  It  is  not  difii- 
cult,  however,  to  produce  this  appearance  by 
various  simple  additions  to  weak  spirit  The 
pn)of  by  burning  is  also  fallacious ;  because 
the  magnitude  of  the  flame,  and  quantity  of 
residue,  in  the  same  spirit,  vary  greatly  with 
the  form  of  the  vessel  it  is  burned  in.  If  the 
vessel  be  kept  cool,  or  suffered  to  become  hot, 
if  it  be  deeper  or  shallower,  the  results  will  not 
be  the  same  in  each  case.  It  does  not  follow, 
however,  but  that  manufacturers  and  others, 
may  in  many  instances  receive  considerable  m. 
formation  from  these  signs,  in  circumstances 
exactly  alike,  and  in  the  course  of  operations 
wherein  it  would  be  inconvenient  to  reciir  con- 
tinually  to  experiments  of  specific  gravity. 

The  importance  of  this  object,  as  well  for 
the  purposes  of  revenue  as  of  commerce,  in. 
duced  the  British  government  to  employ  Dr. 
Blagden,  now  Sir  Charles,  to  institute  a  very 
minute  and  accurate  series  of  experiments. 
Hiese  may  be  considered  as  fundamental  re. 
suits;  for  which  reason,  I  diall  give  a  sum. 
mary  of  them  in  this  place,  .from  the  Philo- 
sophical Transactions  for  1790. 

The  first  object  to  wbidi  the  experiments 
were  directed,  was  to  ascertain  the  quantity 
and  law  resulting  from  th6  mutual  penetration 
of  water  and  spirit 

All  bodies  in  general  expand  by  heat ;  but 
the  quantity  of  this  expansion,  as  well  as  the 
law  of  its  progression,  is  probably  not  the 
same  in  any  two  substances.  In  water  and 
spirit  they  are  remarkably  different.  The 
wiiole  expansion  of  pure  spirit  from  30^  to 
100^  of  Fahrenheit's  thermometer  is  not  les-s 
than  U25th  of  its  whole  bulk  at  30»;  where. 
as  that  of  water,  in  the  same  interval,  is  only 
1.145  of  its  bulk.  The  laws  of  their  expan- 
sion  are  still  more  different  than  the  quantities. 
If  the  expansion  of  quicksilver  be,  as  usual, 
taken  for  the  standard,  (our  thermometers  be 
ing  constructed  with  that  fluid),  the  expansion 
of  spirit  is,  indeed,  progressively  increasing 
with  respect  to  thai  standard,  but  not  much 
so  within  the  abovementioncd  interval ;  while 
water  kept  from  freezing  to  30<>,  which  may 
easUy  be  done,  will  absolutely  contract  as  it  is 
heated  for  ten  or  more  degrees,  that  is  to  40^ 
or  42*  of  the  thermometer,  and  will  tlien  begin 
to  expand  as  its  heat  is  augmented,  at  first 
slowly,  and  afterward  gradually  more  rapidly, 
so  as  to  observe  upon  the  whole  a  very  in- 
creasing progression.  Now,  mixtures  of  these 
two  substances  will,  as  may  be  supposed,  ap- 
proach to  the  less  or  the  greater  of  these  pro. 
gresKions,  according  as  they  are  compounde<l 
of  more  soirit  or  more  water,  while  their  total 
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vxpansion  will  be  greater,  according  as  mace 
spirit  enters  into  their  oompositioii ;  but  the 
exact  quantity  of  the  expansion,  as  well  as  law 
of  the  progression,  in  all  of  them,  can  be  d^ 
termincd  only  by  trials.  These  were,  there- 
fore, the  two  other  principal  objects  to  be  as- 
certained by  experiment. 

The  person  enp^affed  to  make  these  experi- 
jiients  was  Dr.  Dollfuss,  an  ingenious  Swiss 
gentleman  then  in  London,  who  had  distin- 
guished himself  by  several  publications  on 
chemical  subjects.  As  he  oinild  not  conve- 
iuently  eet  the  quantity  of  spirit  he  wanted 
lighter  than  825,  at  60"  F.,  he  fixed  upon  this 
strength  as  the  standard  for  alcohol. 

These  expeximcnts  of  Dr.  Dollfuss  were  re- 
peated by  Me.  Gilpin,  clerk  of  the  Royal  So- 
ciety ;  and  as  the  deductions  in  this  account 
will  be  taken  chiefly  from  that  last  set  of  ex- 
perimsnts,  it  is  proper  here  to  describe  mi- 
nutely  the  method  observed  by  Mr.  Gilpin  in 
his  operation.  This  naturally  resolves  itself 
into  two  parts :  the  way  of  making  the  mix- 
tures, and  the  way  of  ascertaining  their  specific 
gravity. 

1.  The  mixtures  are  made  by  weight,  as  the 
only  accurate  method  of  fixing  the  proportions. 
In  fluids  of  such  very  unequal  expansions  by 
heat  as  water  and  alcohol,  if  measures  had 
been  employed,  increasing  or  decreasing  in  re- 
gular propoitions  to  each  other,  the  proportions 
of  the  masses  would  have  heea  sensibly  irre- 
gular: now  the" latter  was  the  object  in  view, 
namely,  to  determine  the  real  quantity  of  spirit 
in  any  given  mixture,  abstracting  the  consi- 
deration  of  its  temperature.  Besides,  if  the 
proportions  had  been  taken  by  measure,  a  dif- 
ferent mixture  should  have  been  made  at  every 
diflferent  degree  of  heat.  But  the  principal  con- 
sideration was,  that  with  a  very  nice  balance, 
such  as  was  employed  on  this  occasion,  quan- 
tities can  be  determined  to  much  greater  ex- 
actness by  weight  than  by  any  practicable  way 
of  measurement.  The  proportions  were  there- 
/ore  always  taken  by  weight.  A  phial  being 
provided  of  such  a  sixe  as  that  it  should  be 
nearly  full  with  tlie  mixture,  was  made  per- 
fectly dean  and  dry,  and  being  counterpoised, 
as  much  of  the  pure  spirit  as  appeared  neces- 
sary was  poured  into  it.  The  weight  of  this 
spirit  was  then  ascertained,  and  the  weight  of 
distilled  water  required  to  make  a  mixture  of 
the  intended  proportions  was  calculated.  This 
quantity  of  water  was  then  added,  with  all  the 
necessary  care,  the  last  portions  being  put  in 
by  means  of  a  well-known  instrument,  which 
is  composed  of  a  small  dish  terminating  in  a 
tube  drawn  to  a  fine  point :  the  top  of  tlie  dish 
being  covered  with  the  thumb,  the  liquor  in  it 
is  prevented  from  running  out  through  the  tube 
by  the  pressure  of  the  atmosphere,  but  in- 
stantly begins  to  issue  by  drops,  or  a  very  small 
stieam,  upon  raising  the  thumb.  Water  be- 
ing thus  introduced  into  the  phial,  till  it  ex- 
actly counterpoised  the  weight,  which  having 
been  previously  computed,  was  put  into  the 
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ite  scale,  the  pUal  wasthaken,  and  dicn 
stopped  with  its  ^ass  stopple,  orerwfaiEli 
leather  was  tied  very  tight  to  prevent  evnpoEB* 
tiott.  No  mixture  was  used  tfll  it  had  re- 
mained in  the  phial  at  least  a  month,  far  the 
full  penetration  to  have  taken  place ;  and  it 
was  always  well  shaken  before  it  was  pooxed 
out  to  have  its  specific  gravity  tried. 

2.  There  are  two  common  methods  of  takang 
the  specific  gravity  of  fluids;  one  by  finding 
the  weight  which  a  solid  body  loses  by  being 
immersed  in  them  ;  the  other,  by  filling  a  oon- 
venient  vessel  with  them,  and  asoertahiing  the 
increase  of  weight  it  acquires.  In  both  cases 
a  standard  must  have  been  previously  taken, 
which  is  usually  distilled  water;  namely,  in 
the  first  method,  by  finding  the  weight  lost  bj 
the  solid  body  in  the  water ;  and  in  the  seeond 
method,  the  weight  of  the  vessel  filled  with 
water.  The  latter  was  preferred,  for  the  fol- 
lowing reasons : — 

When  a  ball  of  glass,  which  is  the  propaeal 
kind  of  solid  body,  is  weighed  in  any  apbitu- 
ous  or  watery  fluid,  the  adhesion  o(  the  fluid 
occasions  some  inaccuracy,  and  renders  the 
balance  comparatively  sluggish.  To  whai 
degree  this  effect  proceeds  is  uncertain ;  but 
from  some  experiments  made  by  Mr.  Gilpin 
with  that  view,  it  appears  to  be  very  sensible. 
Moreover,  in  this  niethod  a  large  smfaoe  mnat 
be  exposed  to  the  air  during  the  operation  of 
weighing,  which,  especially  m  the  higher  tern- 
peratures,  would  give  occasion  to  such  an 
evaporation  as  to  alter  essentially  the  strength 
of  the  mixture.  It  seemed  also  as  if  the  tem- 
perature of  the  fluid  under  trial  could  be  de- 
termined more  exactly  in  the  method  of  filling 
a  vessel,  than  in  the  other:  for  the  fluid 
cannot  well  be  stirred  while  the  ball  to  be 
weighed  renuuns  immersed  in  it ;  and  as  some 
time  must  necessarily  be  spent  m  the  weigh, 
ing,  the  change  of  heat  which  takes  place 
during  that  period  will  be  unequal  thiou^ 
the  mass,  and  may  occasion  a  sensible  euor. 
It  is  true,  on  the  other  hand,  that  in  the 
method  of  filling  a  vessd,  the  temperature 
could  not  be  ascertained  with  the  utmost  pre- 
dsion,  because  the  neck  of  the  vessel  emnhiyed,* 
containing  about  tei^  grams,  was  flUea  up  to 
the  mark  with  spirit  not  cxacdy  of  the  same 
temperature,  as  will  be  explained  presently: 
but  this  error,  it  is  supposed,  woud  by  no 
means  e^ual  Uic  other,  and  the  utmoat  quan- 
tity of  It  may  be  estimated  Tcry  nearly. 
Finally,  it  was  much  easier  to  faruig  the  fluid 
to  any  given  temperature  when  it  waa  in  a 
vessel  to  be  weighed,  than  when  it  was  to 
have  a  solid  body  weighed  in  it;  because  in 
the  former  case  the  quantity  was  smaller,  and 
the  vessel  containing  it  more  manageable, 
being  readily  heated  with  the  hand  or  warm 
water,  and  cooled  with  cold  water:  and  the 
very  circumstance,  that  so  much  of  the  fluid 
was  not  required,  proved  a  material  amr^ 
nienoe.  The  particular  disadvantage  in  the 
method  of  weighing  in  a  vessel,  is  the  difli- 
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caltf  of  fining  it  with  extrcme  aocniicy ;  bot 
vim  tlie  yenel  b  jadicioosly  and  neadj 
OBkcd,  die  ernirof  fining  will,  with  due  care, 
be  eieeedin^y  minute.  By  teTeral  repeti- 
tiooa  of  the  same  experiments,  Mr.  Gilpin 
seemed  to  bfiing  it  within  the  l-lSOOOth  part 
cf  tlie  wtMde  weight. 

The  aboTe-mentiooed  oonsiderationa  in- 
dnoed  Dr.  Blagden,  as  well  as  the  gentlemen 
empbjred  in  the  ezpeiimentfl,  to  give  the 
piefefeme  to  weighing  the  fluid  iteelf ;  and 
ffaat  was  accordiDgiy  the  method  practised 
both  by  Dr.  DoUfius  and  Mr.  Oilpin  in  their 


The  vesKl  cliooen  as  most  convenient  for 
the  pnrpoie  was  a  hollow  glass  ball,  termi. 
eating  in  a  neck  of  small  bore.  That  which 
Dr.  DoUfuaa  used  held  5800  grains  of  dis- 
tilled  water;  bat  as  the  balance  was  so  ex. 
tremdy  aeeunte,  it  wbb  thought  expedient, 
upiKi  Jdi.  GQpin's  repetition  of  the  experi- 
ments, to  use  cne  of  only  2965  gruns  capacity, 
as  admitting  the  heat  of  any  fluid  contained  in 
it  to  be  more  nicely  determined.  The  ball  of 
this  vesKl,  which  may  be  called  the  weighing 
bottle,  measoicd  about  2.8  inches  in  diaraeter, 
and  was  spherical,  except  a  dight  flattening  on 
the  part  <^ppo8ite  to  the  neck,  which  served  as 
a  bottom  for  it  to  stand  upon.  Its  neck  was 
ftnned  of  m  portion  of  a  barometer  tube,  .25 
of  an  inch  in  bore,  and  about  1^  inch  long; 
it  was  perfectly  cylindrical,  and,  on  its  out- 
ade,  very  near  the  middle  of  its  length,  a  fine 
drde  or  ring  was  cut  round  it  with  a  diamond, 
as  the  mark  to  whidi  it  was  to  be  filled  with 
die  Uquor.  Tins  mark  was  made  by  fixing 
the  bottle  in  a  lathe,  and  turning  it  round  with 
great  care,  in  contact  with  the  diamond.  The 
^kn  of  this  bottle  was  not  very  thick;  it 
varied  916  grains,  and  with  iu  silver  cap 
938. 

When  the  specific  gravity  of  any  liquor  was 
to  be  taken  by  means  of  this  bottle,  the  liquor 
vas  ifast  brought  nearly  to  the  required  tern- 
pecatore,  snd  the  bottle  was  filled  with  it  up 
to  the  beginning  of  the  neck  only,  that  there 
might  be  room  for  shaking  it    A  very  fine 
and  soaihle  thennooieter  was  then  passed 
throoffh  the  neck  of  the  bottle  into  die  con- 
tainca  liquor,  which  ahowed  whether  it  was 
above  or  below  the  intended  temperature.    In 
the  former  ease  the  bottle  was  brought  into 
ooUer  air,  or  even  plunged  for  a  moment  into 
cold  water;  the  thomometer  in  the  mean  time 
being  frequently  put  into  the  oontabed  liquor, 
.  till  it  was  found  to  sink  to  the  right  point 
In  like  manner,  when  the  liquor  was  too  cold, 
the  bottle  was  brought  into  wanner  air,  im- 
mersed in  warm  water,  or  more  commonly 
hdd  between  the  hands,  till  upon  repeated 
trials  with  the  thermometer  the  juat  tempe- 
ntore  wss  found.     It  will  be  understood,  that 
daring  the  course  of  this  heating  or  cooling, 
the  hSaU  was  very  frequently  sh&cn  between 
«cb  hnmcntion  of  the  thermometer ;  and  the 
tnp  of  the  neck  was  kept  covered,  cither  with 


the  finger,  or  a  silver  cap  made  on  purpose,  as 
constantlv  as  possible.  Hot  water  wss  used 
to  raise  the  temperature  only  in  heats  of  80* 
and  upwards,  inferior  heats  being  obtained 
by  applying  the  hands  to  the  bottle:  when 
the  hot  water  was  employed,  the  ball  of  the 
bottle  was  plunged  into  it,  and  again  quickly 
lifted  out,  with  the  necessary  shakfaig  inter, 
posed,  as  often  as  was  necenary  for  commu- 
nicating the  required  heat  to  the  liqaor;  but 
care  was  taken  to  wipe  the  bottle  dry  after 
each  immersion,  before  it  was  shaken,  lest  any 
adhering  moisture  might  by  accident  get  into 
it.  The  liquor  having  by  these  means  been 
brought  to  tne  desired  temperature,  the  next 
operation  was  to  fill  up  the  l>ottle  exactly  to 
the  mark  upon  the  neck,  which  was  done  with 
some  of  the  same  liquor,  by  means  of  a  glass 
funnel  with  a  very  small  bore.  Mr.  Gilpin 
endeavoured  to  get  that  portion  of  the  liquor 
which  was  employed  for  this  purpose,  pretty 
nearly  to  the  temperature  of  the  liquor  con- 
tained in  the  bottle ;  but  as  the  whole  quan- 
tity to  be  added  never  exceeded  ten  grains,  a 
difiTerence  of  ten  degrees  in  the  heat  of  that 
small  quantity,  which  is  more  than  it  ever 
amounted  to,  would  have  occasioned  an  error 
of  only  1.30th  of  a  degree  in  the  temperature 
of  the  mass.  Enoneh  of  the  liquor  was  put 
in  to  fill  the  neck  rather  above  the  mark,  and 
the  superfluous  quantity  was  then  absorbed  to 
great  nicety,  by  bringing  into  contact  with  it 
the  fine  point  of  a  smsll  roll  of  blotting  paper. 
As  the  surface  of  the  liquor  in  the  neck  would 
be  always  concave,  the  bottom  or  centre  of  this 
concavity  was  the  part  made  to  coincide  with 
the  mark  round  the  glass ;  and  in  viewing  it, 
care  was  taken  that  the  near  and  opposite  sides 
of  the  mark  should  appear  exactly  m  the  same 
line,  by  which  means  all  parallax  was  avoided. 
A  silver  cap,  which  fitted  tight,  was  then  put 
upon  the  neck  to  prevent  evaporation ;  and  the 
whole  apparatus  was  in  that  state  laid  in  the 
scale  of  tlie  balance,  to  be  weighed  with  all 
the  exactness  possible. 

The  spirit  employed  by  Mr.  Gilpin  was 
furnished  to  him  by  Dr.  DollfUss,  under  whose 
hupection  it  had  been  rectified  from  rum  sup- 
plied by  government.  Its  specific  gravity,  at 
60  degrees  of  heat,  was  .82514.  It  was  first 
weighed  pure,  in  the  above-mentioned  bottle, 
at  every  five  degrees  of  heat  from  30  to  100 
inclusively.  Then  mixtures  were  formed  of  it 
and  distilled  water,  in  every  proportion,  fifom 
1.20th  of  the  water  to  equal  parts  of  water 
and  spirit ;  the  quantitv  of  water  added  being 
successively  augmented,  in  the  proportion  of 
five  grains  to  one  hundred  of  the  spirit ;  and 
these  mixtures  were  also  weighed  in  the  bottle, 
like  the  pure  spirit,  at  every  five  degrees  of 
heat.  The  numbers  hence  resulting  arc  de- 
livered in  the  following  toble ;  where  the  first 
column  shows  the  degrees  of  heat ;  the  second 
gives  the  weight  of  the  pure  spirit  contained  in 
the  bottle  at  those  different  degrees;  the  third 
gives  the  weight  of  a  mixture  in  the  propor- 
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ttons  of  100  ports  by  wdght  of  that  spiAt  to 
5  of  water,  and  so  on  successively  till  the 
water  is  to  the  spirit  as  100  to  6.  Th^  ai« 
the  mesa  of  three  several  experiments  at  leasts 
as  Mr.  Gilpin  always  filled  and  weighed  the 
bottle  over  again  that  number  of  times,  if  not 
oftener.  The  heat  was  taken  at  the  even 
degree,  as  shown  by  the  thermometer,  without 
any  allowaooe  in  tlie  first  instance,  because  the 
coincidenoe  of  the  mercury  with  a  Oivision  can 
be  perceived  more  aocurately  than  any  fraction 
can  be  estimated;  and  the  errors  of  the  ther. 
mometersy  if  any,  it  was  supposed  would  be 
less  upon  the  grand  divisions  of  5  degrees 
than  in  any  others.  It  must  be  observed,  that 
Mr.  Gilpin  used  the  same  mixture  throughout 
sU  the  different  temperatures,  heating  it  up 
from  30®  to  100<> ;  hence  some  small  error  in 


its  strength  may  have  been  occaskMied  in  tho 
higher  degrees,  by  more  spirit  evaporating  than 
water :  but  this,  it  is  believed,  must  have  been 
trifilnff,  and  greater  inconvenience  would  pn». 
bahly  nave  resulted  from  interposing  a  freah 
mixture. 

The  precise  specific  gravity  of  the  pure 
spirit  employed  was  .82514 ;  but  to  avoid  an 
inconvenient  fraction,  it  is  taken,  in  oonstrucu 
ing  the  table  of  specific  gravities,  as  .825  only, 
a  proportional  deduction  being  made  from  idl 
the  other  numben.  Thus  the  following  table 
gives  the  true  specific  gravity,  at  the  dil^ient 
degrees  of  heat,  of  a  pure  rectified  spirit,  the 
specific  gravity  of  which  at  GO^  is  .825,  to- 
gather  with  the  specific  gravities  of  diffbrent 
mixtures  of  it  with  water,  at  those  different 
temperatures. 
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91340 

91622 

91891 

92142 

85 

89043 

89460 

89843 

90209 

90558 

90882 

91186 

91465 

91729 

91969 

90 

88817 

89230 

89617 

89988 

90342 

90668 

90967 

91248 

91611 

91751 

95 

88588 

89003 

89390 

89763 

90119 

90443 

90747 

91029 

91290 

91531 

100 

88357 

88769 

89168 

89636 

89889 

90215 

90522 

90805 

91066 

91310 

...^. 
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"J  "  1 

» 

» 

70 

„ 

«. 

55 

so 

mimof 

gcaina  of  granu  offcrains  oqgrains  Ot\gn\m  atfunxm  ofhnint  ofknilns  of 

grains  of 

Mfl^ 

spirit  to 

cpixltto 

spirit  to 

spirit  to^ 

spirit  to 

niuUto 

cptritto 

■pirUto 

spiiitto 

spirUto 

iwgr.of 
w»tcr. 

iQOffr.of 

water. 

^^S?* 

''i&!' 

lOOgr.of  lOOgr.of 
water,      water. 

lOOKr.of 
water. 

lOOffr.of 

loogr.  of  lOOgr.  of 
water,      water. 

SO" 

.04447 

.94876 

.94920 

.96173 

.96429 

.95881 

.96944 

.98209 

.98470 

.96719 

36 

04S49 

94484 

94734 

94988 

95248 

95502 

95772 

98048 

98316 

96579 

40 

94058 

94296 

94547 

94802 

95060 

95328 

96802 

95879 

96159 

96434 

45 

93800 

AiAQA 

VMnw 

94348 

94805 

94871 

95143 

95423 

95705 

95993 

96280 

60 

93058 

93897 

94149 

94414 

94683 

94958 

95243 

95634 

95831 

96126 

56 

93462 

938B0 

93048 

94213 

94486 

94787 

95067 

95357 

95662 

95966 

m 

93247 

93493 

93749 

94018 

94296 

94579 

94876 

95181 

96493 

96804 

65 

93040 

93286 

93648 

93822 

94099 

94388 

94689 

95000 

96318 

95635 

70 

92828 

93078 

93337 

93816 

93898 

94193 

94600 

94813 

95139 

95460 

76 

92813 

92885 

93132 

93413 

93696 

98989 

94301 

94623 

94967 

95292 

80 

92393 

92848 

92917 

93201 

93488 

93785 

94102 

94431 

94768 

95111 

|ralt»  of  ^TaiiH  of  grains  of  gnina  of  grains  of  grains  of  graiOB 


spirit  to 
taogr.oflidogr. 


SO' 
86 
40 
46 
60 
66 
80 
86 
70 
75 
80 


98840 
98706 
98583 
96420 
98272 
98122 
96082 
96802 


95487 


spirit  to 
"'-  of] 


97200 
97088 
98987 
96840 
98708 
98576 
96437 


98143 
96087 
96826 


spirit  to 
lOOgi.of 
water. 


.97418 
97819 
97220 
97110 


96877 
96762 
96620 
96484 
96344 
96192 


spirit  to 

lOOgr.of 
water. 


.97636 
97568 
97472 
97384 
97284 
97181 
97074 


96836 
96708 
96568 


spirit  to 

lOOgr.of 
water. 


97880 
97801 
97737 
97866 
97689 
97500 
97410 
97309 
97203 
97086 


spirit  to 

100  ^.ot 

water. 


.98108 
98076 
98033 
97980 
97920 
97847 
97771 
97688 
97596 
97495 
97385 


IS 

off 

spirit  to  

lOOfn^.of  100  gr. 
water. 


10 

grains  of 

spirit  to 

'•of 

water. 


.98412 


98373 
98338 
98293 


98176 
98106 
98028 
97943 
97845 


s 

grains  of 

spirit  to 

lOOgr.of 

water. 


.98804 
98804 
98795 
98774 
98745 
98702 
98664 
98594 
98527 
98454 
98367 


.99334 
99344 
99345 
99338 
99316 


99244 
99194 
99134 


Fmn  this  taUe,  when  the  spediic  ^vity 
of  aoy  ipiritiKHit  liquor  is  ascertained,  it  will 
be  es^  tp  find  the  quantity  of  rectified  spirit 
of  (he  ahaT»>iiicntiflDed  standaid,  contained  in 
ay  ghren  quantity  of  it,  either  by  weight  or 


Di;  Bli^en  oondodes  this  part  of  the  le- 
port  with  obseningy  that  as  the  experiments 
woe  made  with  puR  spirit  and  water,  if  any 
eiinneoas  substances  are  contained  in  the 
fiquor  to  be  tried,  the  spmSc  gravity  in  the 
tables  wiE  not  give  exactly  the  proportiona  of 
valcr  and  nirit  in  it.  The  substances  likely 
to  be  foond  in  suricnoos  liquoEB,  where  no 
find  is  suspected,  are  essential  oUs,  some- 
times onpyreuonatic,  mucilaginous,  or  ex- 
nctife  matter,  and  peikaps  some  saccharine 
BMttcr.  The  efibct  of  these,  in  the  course  of 
trade,  seenas  to  be  hardly  audi  as  would  be 
worth  the  cegnisaDoe  of  the  excise,  nor  could 
it  easSy  be  idtuoed  to  certain  rules.  Essential 
sod  enipyreumatic  oils  are  nearly  of  the  same 
ffKsAc  gravity  as  spirit,  in  general  rather 
Hgbter,  and  therefore,  notwithstanding  the 
Dmtnsl  penetration,  will  probably  make  little 
cbaoge  in  the  speciilc  gravity  of  any  spirituous 
liquor  in  whtchtfaey  are  dissolved.  The  other 
substances  are  all  heavier  than  spirit  i  the  spe- 
diic pavityof  eoBunon  gimi  being  1.482,  and 


of  sugar  1.606,  according  to  the  tables  of  M. 
Brisson.  The  effect  of  them  therefore  will  be 
to  make  spirituous  Ijqnon  appear  less  strong 
than  they  really  aie.  An  iaea  was  once  en. 
tertained  of  endeavouring  to  determine  this 
matter  with  some  predston ;  and  accordingly 
Dr.  Dollfiiss  evaporated  1000  grains  of  brandy, 
end  the  same  quantity  of  rum,  to  dryness ;  the 
former  left  a  residuum  of  40  grains,  the  latter 
only  of  8^  grains.  The  40  gnins  of  residuum 
fiom  the  brandy,  dissolved  again  in  a  mixture 
of  100  of  spirit,  with  50  of  water,  increased  its 
specific  gravity  .00041 ;  hence  the  effect  of  this 
extraneous  noatter  upon  the  specific  griivity  of 
the  brandy  containing  it,  would  be  to  increase 
the  fifUi  oecimal  by  six  nearty,  equal  to  what 
would  indicate  in  the  above  mentioned  mix- 
tnre  about  one-seventh  of  a  gram  of  water 
more  than  the  truth,  to  100  of  spirit ;  a  quan- 
tity much  too  minute  for  the  consideration  of 
government. 

The  strength  of  spirits  is  determined,  ac- 
cording to  the  existing  laws,  by  Sikes's  hydit>- 
meter;  but  as  many  dealers  use  Dicas^s,  I 
shall  describe  it  he^,  and  the  fonner  under 
Distillation. 

It  consists  of  a  light  copper  ball,  terminat- 
ing below  with  a  ballast  bottom,  and  above 
with  a  tliin  stem,  divided  into  ten  parts.    The 
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upper  extremity  of  the  stem  is  pointed,  to  re- 
ceive the  little  brus  poises,  or  discs,  having 
each  a  hole  in  its  centre.  These  poises  are 
numbered  0,  10. 20, 30,  &c  up  to  350,  which 
is  the  lightest  of  the  series.  The  intermediate 
units  are  given  by  the  subdivisioDS  on  the  stem. 
A  graduated  ivoiy  scale,  with  a  sliding  rule 
and  thermometer,  aooompanies  the  hydrometer, 
to  make  the  correction  for  temperature.  The 
first  thing  in  using  this  instrument  is  to  plunge 
the  thermometer  into  a  glass  orlinder  contain, 
ing  the  spirits  to  be  tried.  The  sliding  rule 
has  then  the  degree  of  temperature  indicated, 
moved  opposite  to  lero.  The  hydrometer  is 
now  placed  in  the  liquid,  and  such  a  poise  is 
put  on  as  to  submerge  a  portion  of  the  stem. 
The  weight,  added  to  the  number  on  the  stem, 
gives  a  sum,  opposite  to  which  on  the  scale  we 
find  a  quantity  by  which  the  particular  spirit 
may  exceed  or  ftli  short  of  proof.  Thus,  if  it 
mark  20  under  proof,  it  signifies  that  every 
100  gallons  of  that  spirit  would  require  to 
have  20  gallons  of  water  abstracted  from  it  to 
bring  it  up  to  proof*  If  it  mark  10  over  proof, 
we  learn  that  every  100  gallons  contain  too 
little  water  by  10  gallons.  When  the  ther. 
mometric  degree  of  60^  is  put  opposite  to  zero, 
then  the  weights  and  value  of  the  spirits  have 
the  following  relations  on  the  scale. 

102.5  denotes  20  under  proof 
122.0  10 

143.6  Proof 

167.  10  over  proof 


193.    denotes  20  over  proof 

221.  30 

261.  40 

284.6  50 

322.5  60 

850^  Alcohol. 

There  is,  besides,  an  upper  line  on  the  scale, 
which  exhibits  the  rdatioo  of  spirit  to  water 
reckoned  unity.  Thus,  above  10  per  cent, 
over  proof  in  the  second  line,  we  find  in  the 
upper  line  8.  From  whidi  we  learn,  that  8 
of  that  spirit  by  bulk,  will  take  1  of  water  to 
bring  it  down  to  proof.  At  GO^  Fahr.  I  find 
that  10  over  proof  on  Dicaa  corresponds  to 
specific  gravity        -        .        0.9085 

3}  over  proof  to  0.9169 

Proof  -  -  0.921ft 
Now,  by  Gilpin's  tables,  this  indicates  a 
compound  of  100  grains  of  slcohol  0.825,  and 
85  grains  of  water.  But  by  Lowitz*8  table  in 
Crdl*s  Annals,  the  above  specific  gravity  oocw 
responds  to  48  alcohol  of  0.791  at  the  tem- 
perature of  68«,  united  to  52  of  water,  and 
cooled  down  to  60.  Equal  weights  of  that 
strong  alcohol  and  water,  give,  at  60^,  a  spe- 
cific gravity  of  09175.  By  the  act  of  par. 
liament  of  1762,  the  specific  gravity  of  proof 
was  fixed  at  0.916.  It  is  at  present  to  water 
as  12  to  13,  or  =  0.923.    See  D18T11.1.A. 

TICK. 

For  the  foUowing  table  of  the  quantitv  of 
absolute  alcohol,  in  spirits  of  difeent  den- 
sities,  we  are  indebted  to  Lowits. 


100  parts 

Specific  gravity. 

100  part*. 

Spedflc  gravity. 

100  parts. 

specific  gravity.  1 

Ale. 

W«L 

At(M«. 

At  to*. 

Ale. 

Wat. 

Al  68«. 

At60». 

Ale, 

Wat. 

AtCS*. 

At  00*. 

100 

0 

0.791 

a796 

73 

27 

0.861 

a865 

46 

54 

0.923 

0.926 

99 

1 

0.794 

0.798 

72 

28 

0.863 

0.867 

45 

55 

0.925 

0.928 

98 

2 

0.797 

0.801 

71 

29 

0.866 

0.870 

44 

56 

a927 

0.930 

97 

3 

0.800 

0.804 

70 

30 

0.868 

0.872 

43 

67 

0.930 

0.933 

96 

4 

a803 

0.807 

69 

31 

0.870 

0.874 

42 

58 

0.932 

0.936 

95 

5 

a805 

0.809 

68 

32 

0.872 

0.878 

41 

69 

a934 

0.937 

94 

6 

a808 

0.812 

67 

33 

0.876 

0.879 

40 

60 

0.936 

0.939 

93 

7 

0.811 

0.816 

66 

34 

0.877 

0.881 

39 

61 

0.938 

0.941 

92 

8 

a8i3 

0.817 

66 

36 

0.880 

0.883 

38 

62 

0.940 

0.943 

91 

9 

0.816 

0.820 

64 

36 

0.882 

0.886 

37 

63 

0.942 

0.945 

90 

10 

0.818 

0.822 

63 

37 

0.885 

0.889 

36 

64 

0.944 

0.947 

89 

11 

a82i 

0.825 

62 

38 

0.887 

0.891 

35 

65 

a946 

0.949 

88 

12 

0.823 

0.827 

61 

39 

0.889 

a893 

34 

66 

0.948 

0.951 

87 

13 

0.826 

0.830 

60 

40 

0.892 

0.896 

33 

67 

0.950 

0.953 

86 

14 

0.828 

0.832 

59 

41 

0.894 

0.898 

32 

68 

0.962 

0.956 

85 

15 

0.831 

0.835 

58 

42 

0.896 

0.900 

31 

69 

0.964 

0.957 

84 

16 

0.834 

0.838 

67 

43 

0.899 

0.902 

30 

70 

0.956 

0.958 

83 

17 

0.836 

0.840 

56 

44 

0.901 

0.904 

29 

71 

0.967 

0.960 

82 

18 

0.839 

0.843 

56 

45 

0.903 

0906 

28 

72 

0.959 

0.962 

81 

19 

0.842 

0.846 

54 

46 

0.905 

a908 

27 

73 

0.961 

0.963 

80 

20 

0.844 

0.848 

53 

47 

a907 

0.910 

26 

74 

0.963 

0.965 

79 

21 

0.847 

0.851 

52 

48 

0.909 

0.912 

25 

75 

0.965 

0.967 

78 

22 

0.849 

0.853 

51 

49 

0.912 

0.915 

24 

76 

0.966 

0.968 

77 

23 

a851 

0.855 

50 

60 

0.914 

0.917 

23 

77 

0.968 

0.970 

76 

24 

0.853 

0.857 

49 

51 

0.917 

0.920 

22 

78 

0.970 

0.972 

76 

25  ,  0.856  1 

0.860 

48 

52 

0.919 

0.!«2 

21 

79 

0.971 

0.973 

74 

26  1  0.859  1  0.863  1 

47 

53 

0.921 

0.924 

20 

80 

0.973 

0.974 

ALC 


1S5 


ALC 


100  pans.  1  Specific  grsTity.  i 

looiMrt.. 

Specific  grvrMj. 

100  parts. 

Specific  gravity. 

Ale.    w«t.|  At  ea*. 

At«Q«». 

AJe. 

Wat 

Atw». 

Ateo». 

•  Ale. 

Wal. 

At  00". 

At  000. 

19 

81      0.974 

0.975 

12 

88 

0.985 

0.986 

1     5 

95 

0.994 

18 

82     0.976 

0.977 

11 

89 

0.986 

a987 

4 

96 

0.995 

17 

83  .  0.977 

a978 

10 

90 

0.987 

0.988 

3 

97 

0.997 

16 

84 

0.978 

0.979 

9 

91 

0.988 

0.989 

2 

98 

0998 

15 

85 

0^80 

a981 

8 

92 

0.989 

a990 

1 

99 

0.999 

14 

86 

0.981 

0.982 

7 

93 

0.991 

0.991 

0 

100 

1.000 

13 

87 

0-983 

a984 

1     6 

94 

0.992 

0.992 

The  most  cemarkable  dianeterudc  property 
of  alcohol  is  its  lolability  or  comlmiation  in 
anptopoctioDs  with  water,  a  property  possessed 
by  DO  other  combustible  substance,  except  the 
acetk  spirit  obtained  by  distilling  the  dry  ace- 
taica.  MThen  it  is  burned  in  a  chimney  which 
cummuiiicatcs  with  the  wonn-pipe  of  a  dis- 
tiDiBg  i^ipsratas,  the  product,  wnich  is  con- 
densed, is  Anmd  to  consist  of  water,  which 
exceeds  the  spirit  in  weight  about  one-eighth 
part ;  or  more  accoratdy,  100  parts  of  uco- 
hol,  Inr  combustion,  yield  136  of  water.    If 
akobol  be  boned  in  dose  ▼essels  with  vital 
air,  die  product  is  found  to  be  water  and  car- 
boBie  add.    Whence  it  is  inferred  that  alcohol 
consiais  of  hydrogen,  united  dther  to  carbonic 
seid,  or  its  addifiable  base;   and  that  the 
oxygen  miting  on  the  one  part  with  the  hy- 
drogen,  fiinns  water ;  and  on  the  other  with 
the  bate  of  the  carbonic  acid,  forms  that  add. 
The  most  exact  experiments  on  this  subject 
are  those  recently  made  by  M.  de  Saussure. 
The  skohol  he  used  had,  at  62.8«,  a  specific 
grsrity  of  0.8302 ;  and  by  Richter's  propor- 
tkns,  it  consists  of  13.8  water,  and  86.2  of 
abiohiio  akohoL    The  vapour  of  alcdiol  was 
made  to  tiavene  a  nsrrow  porodain  tube  ig- 
Bitsd,  from  whidi  the  products  posied  along  a 
gbsi  tube  about  six  fieet  in  lepgth,  refrige- 
nted  by  iee.    A  little  charcoal  was  deposited 
m  die  porcelain,  and  a  tnce  of  oil  in  the  glass 
tabb    The  resnlting  gas  being  analysed  in 
n  e^loding  eudiometer,  with  oxygen,  was 
ibond  to  reaolva  itsdf  into  carbonic  add  and 
water.    Three  volumes  of  oxygen  disappeared 
tat  every  two  vcdnmes  of  cnbonic  add  pro- 
duced;  a  proportion  which  obtains  in  the 
ttalysis  by  oxygenation  of  olefiant  gas.   Now, 
ai  notfaing  resulted  but  a  combustible  gas  of - 
diis  pecuUar  constitution,  and  condensed  wa- 
ter  eoual  to  ^2  ^  ^  original  wdght  of 
die  aleoboL,  we  may  conclude  that  vapour  of 
wsier  and  olefiant  gas  are  the  sole  constituents 
of  skohol.    Subtracting  the  13.8  per  cent,  of 
water  in  die  alcohol  at  the  beginning  of  the 
experiment,  the  absolute  alcohol  of  Richter 
viU  consist  of  137  hydrogen,  51  98  carbon, 
sod  34.32  oxycen.    Hence  M.  Gay  Luasac 
inUa,  that  alcohol,  in  vapour,  is  composed  of 
one  fdnme  olefiant  gas,  and  one  volume  of 
the  Tipoiir  o£  water,  condensed  by  chemical 
iffinty  into  one  volume. 


The  ro.  gr.  of  olefiant  gas  is        0^^7804 
Of  aqueous  vapour  is  0.62500 

Sum  =  1.00304 
And  alcohoUe  vapour  is  =  1.6133 
These  numbers  approach  nearly  to  those 
which  would  result  mrni  two  nrime  equiva- 
lents of  olefiant  gas,  combined  with  one  of 
water ;  or  ultimately,  three  of  hydrogen,  two 
of  carbon,  snd  one  of  oxygen. 

The  analytical  experiments  on  alcohol  were 
among  the  most  satisfactory  of  any  which  I 
made  on  vegetable  producU  (see  Analysis 
Veoetable);  for  in  repeated  verifications 
the  results  agreed  within  one  or  at  most  two- 
hundredths  of  a  grain.  Alcohol,  spedfic  gra- 
vity 0.812,  afforded  me  in  100  parts,  47.85  car- 
bon, 12.24  hydrogen,  and  39.91  oxysen ;  or 
referring  the  last  two  to  the  composition  of 
water,  44.9  of  it,  with  7*25  oxygen  in  excess. 
Such  alcohol  would  therefore  seem  to  consist 
nearly  of 

Carbon        3  atoms         2.250        4&15 
Hydrogen   6     .  .  0.625        12.82 

Oxygen       2    .  .  2.000        40.03 

4.875      100.00 
Or  of  3  atoms  of  olefiant  gas  =  2.625 
2  water  =  2-250; 

and  in  volumes, 

3  volumes  olefiant  gas  =  0.9722  X  3  =  2.9166 

4  aqueous  vapour  r:  0.625  X4  =  2.b000. 
Thus  alcohol  0812,  by  the  above  analysis 
which  I  believe  merits  confidence,  differs  from 
M.  Gay  Lusaac's  view  of  absolute  alcohol 
deduced  from  the  experiments  of  M.  de  Saus- 
sure, in  containing  an  additional  volume  of 
aqueous  vapour.  At  thesp.  gr.  0.814  alcohol 
would  have  exactly  this  atomic  constitution. 
If  the  condensation  be  equal  to  the  whole  3 
volumes  of  olefiant  gas,  that  is  if  the  7  vo- 
lumes of  constituent  gases  become  4  of  alcohol 
vapour,  we  shall  have  the  specific  gravity  at 
this  strength  «t  1.3722 ;  the  additional  vo- 
lume of  aqueous  vapour  producing  necessarily 
tius  sbatement  in  the  density. 

A  c<HisiderabIe  number  of  the  uses  of  this 
fluid  as  a  menstruum  will  pass  under  our  ob- 
servation in  the  various  artides  of  this  work. 
The  mutual  action  between  alcohol  and  adds 
produces  a  light,  volatile,  and  inflammable 
substance,  called  ether.    Sec  Ether.    Pure 
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alkaiis  unite  with  spirit  of  wine,  and  foim  al-  - 
kaline  tinctures.  Few  of  the  neutnl  ulto 
unite  with  this  fluid,  except  such  as  contain 
ammonia.  The  carbonated  fixed  alkidis  are 
not  soluble  in  it.  From  the  strong  attraction 
which  exists  between  alcohol  and  water,  it 
unites  with  this  last  in  saline  solutions,  and  in 
moat  cases  precipitates  the  salt.  This  is  a 
pleaslnff  experiment,  which  never  fails  to  sur* 
prise  those  who  are  unacquainted  with  che« 
mical  efiects.  If,  for  example,  a  saturated 
solution  of  nitre  in  water  be  taken,  and  an 
equal  quantity  of  strong  spirit  of  wine  be 
poured  upon  it,  the  mixture  will  constitute  a 
weaker  spirit,  which  is  incapable  of  holding 
the  nitre  in  solution ;  it  therefore  falls  to  the 
bottom  instantly,  in  ^e  form  of  minute  crys- 
tals. 

The  degrees  of  solubility  of  many  neutral 
salts  in  alcohol  have  been  ascertained  by  ex- 
periments made  by  Macquer,  of  which  an  ac- 
count is  published  in  the  Menunrs  of  Uie 


QuantUg 
ofgraku, 

4 

6 

0 
15 

0 

0 

108 

24 

288 

288 

84 

204 

4 
36 

48 

48 


SalUtobMein 
200  i^aiiM  oftpUrit. 

Nitrate  of  potash 

Muriate  of  potash 
Sulphate  of  soda 
Nitrate  of  soda 
Muriate  of  soda 
Sulphate  of  ammonia 
Nitrate  of  ammonia 
Muriate  of  ammonia 

Nitrate  of  lime 

Muriate  of  lime 
Nitrate  of  silver 
Muriate  of  mercury 
Nitrate  of  iron 
Muriate  of  iron 

Nitrate  of  copper 

Muriate  of  copper 


Turin  Academy.  The  alcohol  he  employed 
was  caiefiilly  fteed  fiom  superabundant  water 
by  repeated  rectificatidns,  without  addition  of 
any  intermediate  subatanoe.*  The  salts  em- 
plojrod  in  his  experiments  were  previously  de. 
prived  of  their  water  of  cmtailization  by  a 
careful  drying.  He  poured  into  a  Durtnsa, 
upon  each  of  the  salts  thus  prepared,  half  an 
ounce  of  his  alcohol,  and  set  the  niatiass  in  a 
sand  bath.  When  the  spirit  began  to  boil, 
he  filtrated  it  while  it  was  hot,  and  left  it  to 
fXM\  that  he  might  observe  the  crystaOizatioas 
which  took  place.  Be  then  evaporated  the 
spirit,  and  weighed  the  saline  reridnuma.  He 
repeated  these  experiments  a  seoood  timev 
with  this  difference,  that  instead  of  evapo* 
rating  the  spirit  in  which  the  adt  had  beca 
digested,  he  set  fire  to  it  in  order  to  examine 
the  phenomena  which  its  fiame  might  exhibit. 
The  principal  results  of  his  expcrimeata  are 
subjoined. 


Peculiar  phenomena  qf  the  Jlame. 


5  Flame  larger,  higher,  more  ardent,  yellow, 
C     and  luminous. 

Laige,  ardent,  yellow,  and  lumiDOua. 

Considerably  red. 

Yellow,  luminous,  detonatins. 

Iiarger,  more  ardent,  and  reldish. 

None. 

Whiter,  more  luminous. 

None. 

S  Larger,  mtne  luminous,  red,  and  decrepi- 
tatmg. 
Like  that  of  the  calcareous  zdtrs. 
None. 

Laige,  yellow,  luminous,  and  decrepitBti^g* 
Red  and  decrepitating. 
More  white,  luminous,  and  sparkling. 
More  white,  luminous,  and  green,  much 

smoke.    The  saline  residuum  became 

black  and  burnt. 
Fine  green,  white,  and  red  fulgmatioDS. 


{ 


Macquer  accompanies  the  relation  of  his 
experiments  with  many  judicious  reflections, 
not  easily  capable  of  abridgment 

The  alcohol  he  employed  in  the  above  ex- 
periments had  a  specific  gravity  of  0.840.  In 
analytical  researches,  alcohol  affords  finquentlv 
a  valuable  agent  for  separating  salts  fimn  eaim 
other.  We  shall  therefore  introduce  the  fed- 
lowing  additional  uble,  derived  chiefly  from 
the  experiments  of  Wenzel:— 

100  parts  of  alcohol  dissolve  of 
Temp, 
Nitrate  of  Cobalt,   at     54<'.6  100  parts 

Copper,  54».6  100 

Alumina,       6A^J&  100 

Lime,  126 

Magnesia,      180.5  290 

Muriate  of  Zinc,  54*'.5  100 

Alumina,         54.5  100  ' 


Muriateof  Magnesia,  at  ISSU^         647parts. 
Iron,  180.5  100 

Copper,  180.5  100 

Acetate  of  Lead,  154<».6  100 

At  the  boiling  point,  100  parts  of  i 

dissolve  of  muriate  of  lime  100 1 

Nitrate  of  ammoniap 

Corrorive  subUmate,  •        88-8 

Succinic  add,  .  •        74;0 

Acetate  of  soda,  •  .        46.5 

Nitrate  of  sQver,  .        41.7 
Refined  sugar,            •  34.6 

Boradc  add,  .  .        30.0 

Nitrate  of  soda,  .  9.6 

Acetate  of  copper,      .  •  7*5 

Muriate  of  ammonia,  .  J.  t 

Superarseniate  of  potash,  .  3.75 

Oxalate  of  potash,  .  2.92 

Nitrate  of  potash,  •  2.08 


ALC 


127 


ALC 


of  potMh» 
eof  ■oda. 


2.08 

Ancniateof  loda,  1^ 

AneBioas  add,  1.25 

Tartiateofpotaah,       .        .        0.42 

It  sppean  fiom  the  experiments  of  Kirwui, 

ibat  diud  muriate  of  magnesia  dissolves  more 

abuDdaotly  in  strong  than  in  weak  aloAol. 

100  pans  of  specific  gravity  0.900,  dissolve 

21^;   of  0.848,  23.75;  of  0.834,  3&2d; 

and  of  0.817)  60  ports.    The  same  holds  to  a 

mofc  limited  extent  with  acetate  of  lime»  2.4 

gnxBs  being  aohihle  in  100  of  the  first  alcohol, 

sod  4.88.  in  100  of  the  last.     The  other  salts 

which  he  txied  dissolved  more  sparingly  in  the 

ttBODger  than  in   the  weaker  alcohol.    The 

temperatuie  of  the  spirit  was  generally  €0^. 

AU  deUqnesceDt  salts  are  soluble  in  alcohoL 
Alcohol  holding  the  stnmtitic  salts  in  solution, 
gives  a  flame  of  a  ridi  purple.  The  cupreous 
saks  and  boxadc  acid  give  a  green ;  the  solu- 
ble cskaieous,  a  reddish ;  the  barytic,  a  yel- 
lowish. For  the  effect  of  other  salts  on  the 
colour  of  the  flame,  see  a  preceding  table. 

The  alcohol  of  0.825  has  been  subjected  to 
s  ooid  of  —  91  o  without  congealbg.  But 
Mr.  Hotton  has  given,  in  the  JBdinborgfa  En. 
cjdopKdia,  article  Cold,  an  account  of  his 
having  Bttoceeded  in  solidifying  it  by  a  cold 
of-.  110<>.  The  alcohol  he  employed  had  a 
density  ofO.798  at  60^.  His  process  has  been 
kepi  secret.  See  Acid  (Sulphurous)  for 
B  mode  of  freezing  alcohol  by  die  evaporation 
of  that  add  in  its  liquefied  state.  The  boiling 
point  of  alcohol  of  0.825  is  176o.  Alcohol  of 
MIO  boils  at  173<»^  For  the  force  of  its 
vapour  at  diffinent  temperatures,  and  its  spe- 
cific heat,  see  Caloiuc,  and  the  Tables  of 
Vspoor  at  the  end  of  the  volume. 

When  potassium  and  sodium  are  put  m 
eoDtact  with  the  strongest  alcohol,  h3rdrDgen 
if  evolved.  When  chkrine  is  made  to  psss 
diioogh  alcohol  in  a  Woolfe's  apparatus, 
there  is  a  mutual  action.  Water,  an  (^y. 
looking  substance,  muriatic  acid,  a  little  csr- 
bonic  add,  and  carbonaceous  matter,  sre  the 
(soducta.  This  oily  substance  does  not  red- 
den tamsole,  though  its  snalysis  by  heat  shows 
it  to  contain  muriatic  add.  It  is  white, 
dmser  dian  water,  has  a  cooling  taste  ana- 
logons  to  mint,  and  a  peculiar,  but  not  ethe- 
leous  odonr.  It  is  very  soluble  in  alcohol, 
bat  searcdy  in  water.  The  strongest  alkslb 
hardly  operateon  it 

It  was  at  one  time  maintabed,  that  alcohol 
did  not  exist  in  wines,  but  was  generated  and 
efolved  by  the  heat  of  distilbttion.  On  this 
lobjeet  M.  Chiy  Lussac  made  some  decisive 
ezperimeats.  He  agitated  wine  with  litharge 
in  fine  powder,  till  the  liquid  became  as  limpid 
S8  wster,  and  then  saturated  it  with  suboff- 
booste  of  potash.  The  alcohol  immediately 
■epsrsted  and  floated  on  the  top.  He  distilled 
soother  portion  of  wine  in  vacuo^  at  59«  Fahr. 
s  temperature  oonsiderahly  bebw  that  of  fer- 
nentatioB.    Aleobol  csms  over.    Mr.  fiiande 


proved  the  same  position  by  satnratii^  wine 
with  subaoetate  of  lesd,  and  adding  potash. 

MM»  Adam  and  Duportal  have  substitntcd 
for  the  redistOlations  used  in  converting  wine 
or  beer  into  alcohol,  a  single  process  of  great 
elegance.  From,  the  capital  or  the  still  a  tnbe 
is  led  into  a  large  copper  redpient.  This  is 
joined  by  a  second  tube  to  a  second  redpient, 
and  so  on  throuEh  a  series  of  four  vessels,  sr« 
ranged  like  a  Woolfe*s  apparatus.  The  hut 
vessel  communicates  with  the  worm  of  the  first 
refrigeratory.  This,  die  body  of  the  still,  and 
the  two  recipients  nearest  it,  are  charged  with 
the  wine  or  fermented  liquor.  When  ebuHi. 
tion  takes  place  in  the  stiU,  the  vapour  issuing 
from  it  communicates  soon  the  boiling  tempe- 
rature to  the  liquor  in  the  two  redpients, 
From  these  the  volatilized  alcohol  wUl  rise 
and  pass  into  the  third  vessel,  which  is  empty. 
After  communicating  a  certain  heat  to  it,  a 
portion  of  the  finer  or  less  condensable  spirit 
will  pass  into  the  fourth,  and  thence,  in  a 
little,  into  the  worm  of  the  first  refrigenttory. 
The  wine  round  the  wonn  will  likewise  ac- 
quire heat,  bat  more  slowly.  The  vapour  that 
in  that  event  may  pass  uncondensed  through 
the  first  worm,  is  conducted  intoa  second,  sur- 
rounded with  cold  water.  Whenever  the  still 
is  worked  off  it  is  refdenished  by  a  stopcock 
fiom  the  nearest  redpient,  which,  in  its  turn, 
is  filled  fh)m  the  second,  and  the  second  from 
the  first  worm  tub.  It  is  evident,  from  this 
arrangement,  that  by  keeping  the  3d  and  4th 
redpients  at  a  certain  temperature,  we  noay 
cause  alcohol,  of  any  degree  of  lightness,  to 
form  directly  at  the  remote  extremity  of  the 
apparatus.  The  utmost  economy  of  fud  and 
time  is  slso  secured,  sod  a  better  flavoured 
spirit  is  obtained.  The  arriere  gout  of  bad 
qnrit  can  scsrcdy  be  destroyed  by  inflision 
with  charcoal  and  redistillation.  In  this  mode 
of  operating,  the  taste  and  smdl  are  excellent, 
from  the  first.  Several  stiBs  on  the  above 
prindple  have  been  constructed  at  Glasgow  » 
for  the  West  India  distillers,  and  have  been  f 
found  extremely  advantageous.  The  excise  K 
laws  do  not  permit  their  employment  in  the  *- 
home  trade. 

A  very  ingenious  still  on  the  above  princi- 
ples has  been  recently  invented  by  Mr.  J.  J. 
Saintmarc.  It  has  the  aspect  of  a  copper 
tower,  containine  9  or  10  stories,  eadi  apart- 
ment  being  dlvioed  from  the  one  bdow  by  a 
horizontal  partition  or  floor,  pierced  with  open- 
ings or  vertical  pipes,  admirably  fitted  for 
tiansferring  to  the  highest  stage,  a  very  fine 
concentrated  spirit  in  an  uninterrupted  opera- 
tion. The  lowest  floor  alone  is  exposed  to  tiie 
naked  fire,  and  the  upperones  have  their  contents 
heated  by  the  steam  which  it  causes  to  ascend. 
The  apparatus  has  an  appearance  of  complies^ 
tion,  but  I  should  think  it  quite  simple  and 
satisfactory  in  its  performance.  It  has  been 
made  the  su'  >ct  of  a  patent. 

If  sulphr.  -' )  sublimation  meet  with  the 
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▼aiiour  c^  alcohol,  a  very  small  pordoo  com- 
bines  with  it,  which  communicates  a  hydio- 
•alphurous  smell  to  the  fluid.  The  increased 
surface  oi  the  two  substances  appears  to  favour 
the  combination.  It  had  been  supposed,  that 
this  was  the  only  way  in  which  they  could  be 
united;  but  M.  Favre  has  lately  asserted,  that 
having  digested  two  drams  of  flowers  of  sul- 
phur  in  an  ounce  of  alcohol,  over  a  gentle  fire, 
not  suflicient  to  make  it  boil,  for  twelve  hours, 
he  obtained  a  solution  that  gave  twenty-three 
grains  of  precipitate.  A  similar  mixture  Idt 
to  stand  for  a  month  in  a  place  exposed  to  the 
solar  rays,  afforded  sixteen  grains  of  precipi- 
tate ;  and  another,  from  which  the  light  was 
excluded,  gave  thirteen  grains.  If  alcohol  be 
boiled  with  one-fourth  of  its  weight  of  sul- 
phur for  an  hour,  and  filtered  hot,  a  small 
quantity  of  minute  crystals  will  be  deposited 
on  cooling;  and  the  clear  fluid  will  assume 
an  opaline  hue  on  being  diluted  with  an  equal 
quantity  of  water,  in  which  state  it  will  pass 
tne  filter,  nor  will  any  sediment  be  deposited 
for  several  hours.  The  alcohol  used  in  the 
last>mentioned  experiment  did^  not  exceed 
.840. 

Phosphorus  is  sparingly  soluble  in  alcohol, 
but  in  gKAter  quantity  by  heat  than  in  cold. 
The  addition  of  water  to  this  solution  affords 
an  opaque  milky  fluid,  which  gradually  be- 
comes dear  by  the  subsidence  of  the  phos- 
phorus. 

Earths  seem  to  have  scarcely  any  action 
upon  alcohol.  Quicklime,  however,  produces 
some  alteration  in  this  fluid,  by  changing  its 
flavour,  and  rendering  it  of  a  yellow  colour. 
A  small  portion  is  probably  taken  up. 

Soaps  are  dissolved  with  great  tacility  in 
alcohol,  with  which  they  combine  more  rea- 
dily than  with  water.     None  of  the  metals, 
or  their  oxides,  are  acted  upon  by  this  fluid. 
Resins,  essential  oils,  camphor,  bitumen,  and 
various  other  substances,  are  dissolved  with 
^   great  facility  in  alcohol,  from  which  tliey  may 
^  be  precipitated  by  the  addition  of  water.  From 
J  its  property  of  dissolving  resins,  it  becomes 
^   the  menstruum  of  one  dus  of  varnishes.    See 
Vauxish. 

Camphor  is  not  only  Extremely  soluble  in 
alcohol,  but  assists  the  solution  of  resins  in  it. 
Fixed  oils,  when  rendered  drying  by  metallic 
oxides,  are  soluble  in  it,  as  well  as  when  com- 
bined with  alkHlis. 

Wax,  spermaceti,  biliary  calculi,  urea,  and 
all  the  animal  substances  of  a  resinous  nature, 
are  soluble  in  alcohol ;  but  it  curdles  milk, 
coagulates  albumen,  and  hardens  the  muscular 
fibre  and  coagulum  of  the  blood. 

The  uses  of  alcohol  are  various*  As  a 
solvent  of  resinous  substances  and  essential 
oils,  it  is  employed  both  in  pharmacy  and  by 
the  perfumer.  When  diluted  with  an  equal 
quantity  of  water,  constituting  what  is  called 
proof  spirit,  it  is  used  for  extracting  tinctures 
from  vegetable  and  other  subsunces,  the  al- 


cohol dissolving  the  resinous  parts,  aadtbe 
water  the  gummy.  From  giving  a  ateadjr 
heat  without  smoks  when  burnt  in  a  lamp,  it 
was  formerly  much  employed  to  keep  water 
boiling  on  the  tea-table.  In  thennaonetera, 
for  measuring  great  degrees  of  cold,  it  ia  pre- 
ferable to  mercury.  It  is  in  common  use  for 
preserving  many  anatomical  preparadona,  and 
certain  subjects  of  natural  history ;  but  to 
some  it  is  injurious,  themolIuscsB  for  instance, 
the  calcareous  covering  of  which  it  in  time 
corrodes.  It  is  of  considerable  use  too  in 
chemical  analysis,  as  appears  under,  the  dif- 
ferent artides  to  which  it  is  applicable. 

From  the  great  expansive  power  of  alcohol, 
it  has  been  made  a  question,  whether  it  might 
not  be  applied  with  advantage  in  the  working 
of  steam-engines.  From  a  aeries  of  experi- 
ments  nutde  by  Betancourt,  it  appeaja,  that 
the  steam  of  aJoohol  has,  in  all  cases  of  equal 
temperature,  more  than  double  the  focoe  of 
that  of  water ;  and  that  the  steam  of  alcohol 
at  1740  F.  is  equal  to  that  of  water  at  212o  : 
thus  there  is  a  considerable  diminution  of  the 
consumption  of  fuel,  and  where  this  is  so  ex- 
pensive as  to  be  an  object  of  great  importance^ 
by  contriving  the  machinery  so  as  to  prevent 
the  alcohol  from  being  lost,  it  may  possibly 
at  some  future  time  be  used  with  advantage,- 
if  some  other  fluid  of  great  expansive  power, 
and  inferior  price,  be  not  found  more  econo- 
mical. 

In  my  experiments  on  vapours,  I  found  that 
the  latent  heat  of  that  of  alcohol  is  less  than  one 
half  that  of  water;  for  which  reason  the  farmer 
would  serve  well  for  impelling  the  pistons  of 
steam  engines,  were  it  not  to  act  on  me  metals, 
which  has  been  surmised. 

It  was  observed  at  the  beginning  of  this 
artide,  that  alcohol  might  be  decomposed  by 
transmission  through  a  red-hot  tube:  it  ia 
also  decomposable  by  the  strong  adds,  and 
thus  afibrds  that  remarkable  product,  Ethek, 
and  Oleum  Vixi. 

AL£.    See  Beer. 

ALEMBIC,  or  STILL.  This  part  of 
chemical  apparatus,  used  for  distilling  or  se- 
parating volatile  products,  by  first  ratsii^  them 
by  heat,  and  then  condensing  them  into  the 
liquid  state  by  cold,  is  of  extensive  use  in  a 
variety  of  operations.  It  is  described  under 
the  article  Lab  o  bat  cry. 

ALEMBROTli  SALT.  Corrosive  mu- 
riate  of  mercury  is  rendered  much  nuire  soluble 
in  water,  by  the  addition  of  muriate  of  am- 
monia. From  this  solution  crystals  are  sefMu 
rated  by  cooling,  which  were  called  saL-alem- 
broth  by  the  earlier  chemists,,  and  appear  to 
consist  of  ammonia,  muriatic  acid,  and  mer- 
cury. 

ALGAROTH  (POWDER OF).  Among 
the  numerous  preparations  which  the  alche. 
mical  researches  into  the  nature  of  antimony 
have  afforded,  the  powder  of  algaroth  is  one. 
When    butter  of  antimony  is  thrown   into 
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*5  tbegmtarptttaf  the  metaUie  oside 
lUBi  down  in  ^'  form  of  a  wMie  powder, 
^riadi  k  the  powider  of  algesoth.  It  is  ?io- 
leatly  pmgadve  sod  emetic  in  small  doses  of 
thne  or  foor  gvsins.    See  Antimovt. 

AIjKAHEST.  The  pretended  umvcfnl 
Bolfuit,  or  meostraum,  of  me  sncient  dumists. 
yimefcri  hss  tcij  wefl  shown  the  sbsudity 
of  sMrrhiiig  for  s  unlvenMl  selTcnt,  hy  ssking, 
**  If  it  dissolTe  an  snfastsaces,  la  what  vcssds 
can  k  be  eentamed  ?" 

ALKALESCENT.  Anj  ssbstance  m 
^rfndi  alkaline  piopcfties  see  bqjinning  to  be 
developed,  or  to  wndonunate,  is  temed  alka. 
lesDEBt  The  onl3r  alkali  usoaDy  observed  to 
Ik  produced  by  qpontaaeons  deeomposition  is 
asnoBOBa;  and  firom  theur  tendency  to  pro- 
dnee  this,  some  species  of  TegeCsbles,  partionu 
lady  the  cndform,  are  styled  alkslesoent,  as 
nie  some  animal  substsnoes.  See  Fe&mem- 
7ATioy  (Pvtaib). 

ALKALL  A  term  derived  from  kali,  the 
Aisbie  name  of  a  plant,  fvom  the  ashes  of 
vfaicfa  one  species  or  alkaline  substance  can  be 
cxtneted.  Alkalis  may  be  defined,  those 
bodies  wfaidi  combine  with  adds,  so  as  to 
neotralize  or  impair  their  activity,  and  produce 
jsliB.  Acidity  snd  slkalinity  axe  therefore 
two  corxdatiTe  terms  of  one  spedes  of  com- 
UaatisB.  When  Lavoisier  introduced  oxy. 
fn  as  the  acidiiying  ptindple,  Morveau  pro- 
posed hydrogen  as  the  nlkalifVing  prinanle, 
Asm  Its  bei^  a  constituent  of  volatiie  alxali 
or  smmonla.  But  the  splendid  discovery  by 
Sir  H.  Davy,  of  the  metallic  bases  of  potash 
snd  soda,  and  of  their  oonvcrskm.into  slkalis, 
by  combioadon  with  oxygpi,  has  banished 
kt  ever  that  hypotheticd  eoncdt.  It  is  the 
node  in  whidi  toe  coostitneQts  sie  combined, 
lather  than  the  nature  of  the  constituents 
dMrosdves,  whidi  gives  rise  to  the  add  or 
alkaline  condition.  .  Some  metals  combined 
widi  OK^en  in  one  proportion,  produce  a  body 
twssesstd  of  alkaline  properties,  in  another 
pioportioB  of  acid  properties.  And  on  the 
other  hand,  ammonia  and  pnissic  add  prove 
that  bodi  the  alkaline  and  add  conditions  csn 
csist  siilfpcndfnt  of  oxygen.  These  observa- 
tiona,  by  genendizing  our  notions  of  adds  and 
alkalis,  have  rendered  the  definitions  of  them 
very  fanperfeet  The  difficulty  of  tradng  a 
limH  between  the  adds  and  alkalis  is  still  in. 
nrasfd,  when  we  find  a  body  sometimes  per- 
fosning  the  fonctions  of  an  add,  sometimes 
of  an  alkali.  Nor  can  we  d*TPi"i«h  this  difl 
iicaltyby  having  recomie  to  the  beautiful  law 
diaeovercd  by  Sir  H.  Davy,  that  oxygen  and 
aeids  go  lo  the  podtive  pole,  and  hydrogen, 
aOodis,  and  inflammable  bases  to  the  negative 
pole.  We  cannot  in  fact  give  the  name  of 
acid  to  an  the  bodies  which  go  to  the  first  of 
these  pdea,  and  that  of  alkali  to  those  that 
go  to  the  second  ;  and  if  we  wish  to  define 
the  alkalis  by  hringmg  into  view  thdr  dectric 


energy,  it  would  be  necessary  to  eompars  than 
with  the  electric  energy  wUdi  is  oppodte  to 
them.  Thus  we  are  always  reduced  to  define 
alkalinity  by  the  property  which  it  has  of  satu. 
rating  addity,  becaute  alkdinity  and  acidity  are 
two  condattve  and  insq>arable  terms.  M .  Gay 
Lussac  concdves  the  dkalinity  which  the  me- 
tslUc  oxides  enjoy,  to  be  the  result  of  two  op* 
^odte  properties,  the  alkaliiying  property  of  the 
metal,  and  the  addifyhig  cif  oxygen,  modified 
both  by  the  oombinatiDn  snd  by  tlwproponions. 

The  alkalis  may  be  anraaged  into  three 
daases:  Itt,  Those  whidi  consist  of  a  me- 
tallic basis  combined  with  oxygen.  These 
are  three  in  number,  potash,  soda,  and  lithia. 
2dj  That  which  contains  no  oxygen,  viz.  am- 
monia. 3(2,  Those  containing  oxygen,  hy- 
drogen, and  carbon.  In  this  dass  we  have  « 
aoonita,  bruda,  dataxa,  ddphia,  hyosdama, 
morphia,  stiychnia,quinia,  dndwnina,  and  per- 
haps  some  other  <r»^vf^«teUffalkali«.  These 
are  called  by  the  German  chemists,  alkaloids. 
See  Vegetable  Kikgdom.  The  order  of 
vegetable  alkalis  may  be  as  numerous  as  that 
of  vegetable  acids.  The  earths,  lime,  bairtes, 
and  sOfontites,  were  enrolled  among  the  alkdis 
by  Fourcroy,  but  they  have  been  kept  apart 
by  other  systematic  writers,  and  are  called  d- 
kaline  earths. 

Beddes  neutralizing  addity,  and  thereby 
giving  birth  to  sdts,  the  first  four  alkalis  have 
me  following  properties : — 

l*t^  They  change  the  purple  colour  of  many 
vegetables  to  a  green,  the  reds  to  a  purple, 
and  the  yellows  to  a  brown.  If  the  purple 
have  been  reddened  by  acid,  dkalis  restore 
thepuiple. 

2^,  They  possess  this  power  on  vegetable 
colours  after  being  saturated  with  carbonic 
add,  by  which  criterion  they  are  distinguish- 
able firom  the  alkaline  earths. 

3dj  They  have  an  acrid  and  urinous  taste. 

4tht  They  are  powerful  solvents  or  corro- 
dves  of  animal  matter ;  widi  which,  as  well 
as  with  fat  oils  in  generd,  they  combine,  so  as 
to  produce  neutraliu. 

6th,  They  are  decomposed,  or  volatilized, 
at  a  stnmg  red  heat 

€«/i,  They  combme  wiA  water  in  every  pro- 
portion, and  also  largdy  with  doohol. 

7tA,  They  continue  to  be  soluble  in  water 
when  neutralized  with  carbonic  add ;  while 
the  fclVftlitiA  earths  thus  become  insoluble. 

It  is  needless  to  detdl  at  length  Dr.  Mur. 
ny*s  speculations  on  dkalinity.  They  seem 
to  flow  firom  a  partid  view  of  chemical  phe- 
nomena. According  to  him,  either  oxygen 
or  hydrogen  may  generate  alkalinity,  but  the 
combination  of  bom  prindplcs  is  necessary  to 
g^ve  this  condition  its  utmost  energy.  *'  Thus 
the  dass  of  alkalis  will  exhibit  the  same  rela- 
tions as  the  dass  of  acids.  Some  are  com- 
pounds  of  a  base  with  oxygen ;  such  are  the 
greater  number  of  the  metallic  oxides,  and 
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probably  of  tbc  etftht.  Ammoiiitt  it  a  eom- 
pound  of  a  base  with  hydrogen.  Potash,  loda, 
baryta,  atrontites,  and  probably  lime,  arecom- 
pounds  of  bases  with  oxygen  and  hydrogen ; 
and  these  last,  like  the  analogous  order  among 
the  acids,  possess  the  highest  power.**  Now, 
surely,  perfectly  dry  and  canstic  barytes,  lime, 
and  strontites,  as  well  as  the  dry  potash  and 
soda  obtained  by  Oay  Lnssac  and  Tbenaid, 
are  not  inferior  in  alkaline  power  to  the  same 
bodies  after  they  are  slacked  or  combined  witfi 
water.  100  parts  oflime  destitute  of  hydrogen, 
that  is,  pure  oxide  of  calcium,  neutraUie  78 

Cof  carbonic  add.  But  132  parts  of  Dr. 
ray*8  ttrongett  lime,  that  is  the  hydrate, 
are  required  to  produce  the  same  alb^e  cf. 
feet  If  we  ignite  nitrate  of  liary  tcs,  we  obtain, 
as  is  wen  known,  a  perfectly  dry  baxytes,  or 
protoxide  of  barium ;  but  if  we  ignite  crys- 
tallised barytes,  we  olitain  the  same  alkaline 
earth  combined  with  a  prime  equivalent  of 
water.  These  two  different  states  of  barytes 
were  demonstrated  by  M.  Berthollet  in  an  ex- 
cellent  paper  pubhshed  in  the  2d  volume  of 
the  Memoires  D'Arcueil,  so  far  back  as  1809. 
M  The  first  barytes**  (that  from  crystallized 
barytes),  says  he,  *'  presents  all  the  characters 
of  a  combination ;  it  is  engaged  with  a  sub- 
stance  which  dimini^es  its  action  on  other 
bodies,  which  renders  It  more  fusible,  and 
which  gives  it  by  fusion  the  appearance  of 
glass.  This  substance  is  nothing  else  but 
water ;  but  in  fact,  by  adding  a  little  water  to 
the  second  barytes  (that  from  ignited  nitrate), 
and  by  urging  it  at  the  fire,  we  give  it  the 
properties  of  me  first*'  Page  47.  100  parts 
of  barytes  void  of  hydrogen,  or  dry  ba^rtes, 
.  neutralize  28^  of  dry  carbonic  add.  Whereaa 
111}  parts  ofthe  hydrate,  or  what  Dr.  Murray 
has  styled  the  most  energetic,  are  required  to 
produce  the  aame  effect  In  fact,  it  is  not 
hydrogen  wliich  combines  with  the  pure  baiytic 
earth,  but  hydrogen  and  oxyeen  in  the  state  of 
water.  The  proof  of  this  is,  that  when  carbonic 
add  and  that  hydrate  unite,  the  exact  quantity 
of  water  is  disengaged.  The  protoxide  of 
barium,  or  pure  barytes,  has  never  been  com- 
bined with  nydrogen  by  any  diemist 

ALKALI  (MINERAL  or  FOSSIL).  An 
old  name  of  Soda. 

ALKALI  (PHLOGISTICATED,  or 
PRUSSIAN>  When  a  fixed  alkali  is  ignited 
with  bullock*8  blood,  or  other  animai  sub- 
stances, and  lixiviated,  it  is  found  to  be  in  a 
great  measure  saturated  with  the  prussic  add : 
nom  the  theories  formeriy  adopted  respecting 
this  combination,  it  was  distinguished  by  the 
name  of  phlogislicated  alkalL  See  Acio 
(Peussic). 

ALKALI  (VOLATILE).  See  Am- 
xoiriA. 

ALKALIMETER.  The  name  first  given 
by  M.  Dcscroirilles  to  an  instrument  or  mea- 
sure of  his  graduation,  for  determining  the 


quantity  of  alkali  in  commcraal  potesh  and 
soda,  by  the  quantity  of  dilute  sulphuric  acid 
of  a  known  strength  whidi  a  oertain  wci^^  of 
them  could  neutralize. 

ALKAMET.  The  alkanet  plant  is  a  kind 
of  bugkes,  wiiich  is  a  native  of  the  wanner 
paru  of  Europe,  and  cultivated  in  some  of  our 
gardens.  The  greatest  quantities  are  raiBed 
in  Germany  and  France,  particularly  aboat 
Montpelier,  wfaenoe  we  are  diiefly  supplied 
with  the  roots.  These  are  of  a  sunerior  quality 
to  such  as  are  raised  in  EnglancL  nGa  root 
fanparta  an  elegant  deep  red  colour  to  pare 
alcohol,  to  oUa,  to  wax,  and  to  all  unetuona 
substances.  The  aqueous  tincture  is  of  a  dull 
brownish  cobur ;  as  is  likewise  the  spirituoua 
tincture  when  inspissated  to  the  eonsistenoe  ot' 
an  extract  The  principal  use  of  alkaoet  root 
is,  that  of  colouring  oils,  ungosntSt  and  Up- 
lalvea.  Wax  ting^  with  it,  and  i^iptied  on 
warm  marble,  stains  it  of  a  flesh  colour,  which 
sinks  deep  mto  the  stone ;  as  the  spirituoua 
tincture  gives  it  a  deep  rod  stain. 

As  tlie  colour  of  this  root  is  confined  to  the 
bark,  and  the  small  roots  have  more  bark  in 
proportion  to  their  bulk  than  the  great  ooea, 
these  also  afibrd  moat  ookiur. 

ALLAOiTE.    A  carbooilicate  of  man- 


ALLANITE.  A  mineral  first  reoognised 
aa  a  distinct  spedea  by  Mr.  Allen,  of  Edin- 
burgh, to  whose  accurate  knowledge  and 
splendid  collection,  the  sdenee  of  mineralogy 
has  been  so  much  indebted  in  Scotland.  Its 
analysis  and  description,  by  Dr.  Thomson, 
were  published  m  the  6th  vdomeof  die  £din. 
burgh  PhiL  Trans.  M.  Oiesecke  fbund  it  in 
a  granite  rock  hi  West  Oreenland.  It  is  maa- 
sive  and  of  a  brownish-Uack  colour.  Extenal 
lustre,  dull;  iotenud,  shming  and  resinous — 
fhicture  small  oonchoidal— opaque— greenish- 
grey  streak — scratches  glass  and  honbtende-^ 
brittla— spec.  grav.  9.5  to  4.a  Frodis  and 
melts  unperfectly  before  the  blowpipe  into  a 
black  scoria.  It  consists  in  100  parts,  of  silica 
85.4,  oxide  of  cerium  83.9,  oxide  of  iron  8&4, 
lime  9.2,  alumina  4.1,  and  moisture  4*0.  It 
has  been  also  found  oystaUiMd  in  finir,  aix, 
or  eight-sided  prisms.  It  closely  resembles 
gadoUnite,  but  may  l)e  distinguished  fiom  tlie 
thm  fragments  of  the  latter,  l>eing  translucent 
on  the  edges,  and  of  a  fine  green  colour, 
whereas  those  of  the  former  are  commonly 
opaque  and  of  a  yeDowish-brown.  llieonB<Mr 
cerium  analysed  by  Beraelius,  under  the  name 
of  cerin,  approach  very  dosdy  in  their  compo- 
sitioo  to  aUanite. 

ALLOCHROITE.  A  massive  opaque 
mineral  of  a  greyish,  ydlowish,  or  reddish 
colour.  Quartz  scratches  it,  but  it  strikes  fire 
with  steeL  It  has  externally  a  glistening, 
and  internally  a  glimmering  lustre.  Ita 
fracture  is  uneven,  and  its  fragments  aro 
translucent  on  the  edges :  sp.  gr.  8.5  to  3.8. 
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It  Didti  bdbie  the  blofvpipe  ioto  a  bbek 
opaque  enamcL  Vsaqadhi^s  maa^tyA  it  the 
fblloTOsg:  SiHcA  S6,  lime  SOA,  oodde  of  iron 
17,  aloiiikia  8;  carixxiale  of  lime  61,  oxide  <»f 
mmf^uwae  3>.ft.  M.  Brogmnt  nys  it  isabio- 
lady  inlbailile  without  addition^  and  that  it 
lequiies  a  ftaz,  «a  i^ioiphate  of  soda  m  am- 
Bonia.  WithtfaetehpaaMBthnMighabeantiDiil 
giadaiioiiofoaloois.  ItiaeoferedaCfltskwitb 
a  spedea  of  enamel,  which  beeomesoo  codling 
itddidi-ydknr,  thai  gneniih,  and  laatljr  of  a 
dirty  jeBovab-wfaite.  He  xepvesonts  it  aa 
tobnak.  It  was  foond  by  M. 
In  llie  iron  mine  of  Viramt,  near 
in  Norway.  It  io  accompanied  by 
of  lime,  pnitoidde  of  iron»  and  some- 


AI/LOPHANE.  Amfaienlofablae,and 
a  gran  or  brown  colooTt  which  oc- 
imitative  abapes.  Luatre 
tnteoua*  fraduie  im^ierfectly  oondioidal; 
ttuspascBt  or  tianrinoent  on  the  edges. 
Modetmteiy  had,  but  rmy  brittle.  Sp.  gr. 
La9.  Compontion,  liliea  21.92,  alumina 
32.2,  fime  11173,  aolpliate  of  lime  0.52,  earbo. 
Bale  of  copper  SM,  hydrate  of  iron  a27, 
«ater4l^  Sinmejfer,  Itgdatiniscahiacidfl. 
It  is  fimzHl  In  a  bed  of  iron-shot  limestone  in 
gyeywadLe  alate,  in  the  fbnst  of  Thariogia. 
It  was  called  Riemannite. 

ALLAY,  or  ALLOY.  Where  any  me- 
dons  metal  is  mixed  with  another  m  un 
nine,  llie  aaaaycrs  caU  the  latter  the  alloy, 
aad  db  not  in  general  consider  it  in  any  other 
pomt  of  view  than  as  debasmg  or  diminishing 
tfaeraheoftfieprecioaametd.  Philooc^hicai 
ckemieialiafe  availed  themdves  of  this  term  to 
dirtingiibh  all  metallic  compounds  in  generaL 
Tfans  brass  is  called  an  alloy  of  copper  and 
Bsc;  bd-metal  an  alloy  of  copper  and  tin. 
1  Ewvf  aDoy  is  distinguiiiiea  by  the  metal 
I  viodh  predominates  in  its  compoeition,  or 
'  vhkh  gives  it  its  value.  Thus  Englidi  jew. 
>  cQeiy  trtnloela  are  nnked  under  alloys  of  gold, 
thoo^  most  of  them  deserve  to  be  placed 
■ndcr  die  head  of  copper.  When  merearv  is 
<MK  of  the  eomponent  metals,  the  alloy  is  caUed 
■mslgTi.  Thus  we  have  an  amalgam  of  gold, 
rhttj  tin,  Ac*  Sfaice  dien  are  about  30  dif. 
metah,  independent  of  those 
ones  that  constitute  the  bases  of  the 
nd  earths,  there  oiuht  to  be  about  870 
spedcs  of  binary  aUoy.  Butonlyl32 
■pedes  liavebeen  hitherto  made  and  examined. 
Sonae  mctala  have  to  little  affinity  for  others, 
dttt  aa  yet  no  compound  of  them  has  been 
cfteied,  whatever  nains  have  been  taken. 
Moit  of  these  obstades  to  alloying,  arise  ftom 
dkdMbcBceinftisibaitf  andvobtility.  Yet 
idioaemdtmg  point  is  nearly  the 
to  unite.  It  is  obvious  that  two 
Mbi  will  oat  eombhie,  unless  thdr  affinity  or 
tec^pocal  atttaeiion  be  stronger  than  the  co- 
hMhe  attrasdoD  of  their  individual  nartides. 
Toofocane  thia  cohesion  of  the  solid  bodies, 


and  render  affinity  predominant,  they  must  be 
penetrated  by  caloric.  If  one  be  veiy  difficult 
of  fusion,  and  tht  other  very  volatile,  they 
will  not  unite  unless  the  redprocal  attraction 
be  exoeedii^^  strong.  But  if  their  degree  of 
fusiUHty  be  almost  tlie  same,  they  are  easily 
placed  in  the  dreomstaoces  most  ikvouxable 
ror  making  an  aDoy.  If  we  are  therefore  far 
from  knowing  alt  me  bbiary  alloys  which  are 
possible,  we  are  still  furttier  removed  from 
knowing  all  the  triple,  quadruple,  Ac,  whidi 
may  exist.  It  must  be  confessed,  moreover, 
diat  this  department  of  diemistry  has  been 
imperfectly  cultivated. 

Besides,  alloys  are  not,  as  fkr  as  we  know, 
definitdy  rmlated  like  oxides  in  the  propor- 
tions  of  their  component  parts.  100  parts  of 
mercury  will  combine  with  4  or  8  parts  of 
oxygen,  tt>  ffami  two  distinct  oxides,  the  Uadc 
and  the  red ;  but  with  no  greater,  less,  or 
intermediate  proportions.  But  100  parts  of 
mercuiy  will  unite  with  U  2,  3,  or  with  any 
quantity  up  to  100  or  1000,  of  thi  or  lead. 
The  alloys  have  the  dosest  relatioDs  in  their 
physioil  properdea  widi  the  metsls.  They  are 
all  solid  at  the  temperature  of  the  atmosphere, 
exc^  some  amalgams  t  they  possess  metallic 
lustre,  even  when  reduced  to  a  ooarBe  powder ; 
are  oomjdetdy  (q^ue,  and  more  or  less  dense, 
aooordiDg  to  die  metals  whidi  compose  them ; 
are  excellent  conductors  of  dectridty ;  cnr- 
Btallise  more  or  less  perfecdy ;  some  are  brit- 
de,  others  ductile  and  malleable  |  some  have 
a  peculiar  odour;  several  are  very  sonorous 
and  dastic.  "When  an  alloy  conusu  of  metals 
differently  fhnble,  it  is  usually  malleable  while 
cdd,  but  brittle  while  hot ;  as  is  exemplified 
in  brass. 

The  dendty  of  an  alloy  is  somedmes  greater, 
sometimes  less  than  the  mean  dendty  of  its 
components,  showing  diat,  at  the  instant  of 
their  union,  a  diminution  or  augmentation  of 
volume  takes  plaoft  Tlie  rdadon  between  the 
expanskm  of  the  separate  metals  and  that  of 
their  alloys  has  been  investigated  only  in  a 
very  few  cases.  Alloys  containing  a  volatile 
metal  are  decomposed,  in  whole  or  in  part,  at 
a  strong  heat.  This  happens  with  those  of 
arsenic,  mercuiy,  tellurium,  and  dnc.  Hiose 
that  consirt  of  two  differently  fbnble  metals 
may  often  be  decomposed  by  exposing  them 
to  a  temperature  capable  of  mdting  only  one 
of  them.  This  opemtion  is  called  diquation. 
Itis practised  on  the  great  scale  to  extract  silver 
fW>m  copper.  The  argentiferous  copper  is 
mdted  widi  3|  tunes  its  weight  of  lead :  and 
tile  triple  alloy  is  exposed  to  a  suffident  heat. 
The  Ind  carries  off  the  silver  in  its  fiidon,  and 
leaves  the  copper  under  the  form  of  a  nwngy 
lump.  The  sflver  ii  afterwards  recovered  from 
the  lead  by  another  operation. 

Some  alloys  oxidise  more  readily  by  heat 
and  air,  than  when  the  metals  are  separatdy 
treated.  Thus  3  of  lead,  and  1  of  tin,  at  a 
dull  red,  bum  vidbly,  and  are  almost  instantly 
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Bach  bf  ittdl^  in  the  unie'ciiann. 
^  would  ozidiiedovly,  and  witiioat  tho 
disengagement  of  lig^ 

llie  fonnAtion  of  an  alloy  must  be  regulated 
by  the  nature  of  the  particulai  metala,  to  which 
therefinre  we  refer. 

The  degree  of  affinity  between  metala  may 

be  in  aome  measure  eatimated  by  the  greater 

or  kas  facility  widi  which,  when  of  diffixent 

degrees  of  fusibility  or  volatility,  they  unite,  or 

with  which  they  can  after  union  be  separated 

by  beat.     The  greater  or  less  tendmy  to 

separate  into  difl&ent  proportional  alloys,  by 

long  continued  fusioo,  may  also  give  aome 

fn^Drmatioii  on  this  subject.     Mr.  Hatchett 

remarked,  in  hia   admirable   researches   on 

metallic  alloys,  that  gold  made  standard  with 

the  usual  precautions  by  silver,  copper,  lead, 

antimony,  &c  and  then  cast  into  vertical  bars, 

was  by  no  means  an  uniform  compound ;  but 

that  the  top  of  the  bar,  corresponding  to  the 

metal  at  tiie  bottom  of  the  crucible,  contained 

the  laiger  proportion  of  gold.     Hence,  for 

thorough  combination,  two  red-hot  crucibles 

should  be  employed;  and  the  liquefied  metals 

ahould  be  alternately  poured  from  the  one  into 

the  other.    And  to  prevent  unnecessary  oxi* 

dixement  by  exposure  to  air,  the  crucibles 

should  contain,  besides  the  metal,  a  mixture 

of  common  salt  and  pounded  chaiooaL    The 

mdted  alloy  should  also  be  occasionally  stiired 

up  with  a  rod  of  pottery. 

The  most  dixect  evidence  of  a  chemical 
change  having  taken  place  in  the  two  metals 
by  combination,  is  when  the  alloy  melts  at  a 
mudi  lower  tempemture  than  the  fusing  poipta 
of  its  components.  Iron,  which  is  neany  in. 
Iiuible,  when  alloyed  with  gdd  acquires  almost 
the  fusibility  of  this  metaL  Tin  and  lead  form 
solder,  an  aJloy  more  fusible  than  either  of  its 
components;  but  the  triple  compound  of  tin, 
lead,  and  bismuth,  is  most  remarkable  on  this 
account.  The  analog  is  here  strong,  with 
the  increase  of  aolubility  which  salts  acquire 
by  mixture,  as  is  exemplified  in  the  uncnrs- 
tallizable  residue  of  saline  solutions,  or  motner 
waters,  as  they  are  called.  Sometimes  two 
metals  will  not  direcdv  unite,  whidi  yet,  by 
the  intervention  of  a  tnird,  are  made  to  com- 
bine.  This  happens  with  mercury  and  iron, 
as  has  been  shown  by  Messrs.  Aikin,  who 
effected  this  difficult  amalgamation  by  previ* 
ousiy  uniting  the  iron  to  tin  or  zinc. 

The  tenacity  of  alloys  is  generally,  though 
not  always,  inferior  to  the  mean  of  the  sepa* 
rate  metals.  One  part  of  lead  will  destroy  the 
compactness  and  tenacity  of  a  thousand  of  gold. 
Brass  made  with  a  small  proportion  of  sine, 
is  more  ductile  than  coppor  itself;  but  when 
one-third  of  zinc  enters  into  its  composition, 
it  becomes  biittie. 

In  common  eases,  the  specific  gravity  affords 
a  good  criterion  whereby  to  judge  of  the  pro- 
portion in  an  alloy,  consisting  of  two  metals  of 
different  densities.    But  a  very  fallacious  rule 


has  been  given  in  some  xeqwetable  woriuK^  for 
oomparing  the  specific  gravity  that  shouWI  re- 
sult finim  given  cniantitieB  of  two  metals   of 
known  denaities  alloyed  togetiier,  snpposinjc 
no  diemical  penetration  or  expansion  of  iniliixne 
to  take  place.    Thus  it  has  been  taaf^it,  that 
if  gold  and  copper  be  united  in  equal  wti^its^ 
the  computed  or  mathematical  specific  gravity 
of  the  aUoy  is  the  arithmeticBl  mean  of  the 
two  specific  gravities.    This  error  was  pointed 
out  by  me  in  a  paper  published  in  the  7tH 
number  of  the  Journal  of  Science  and   the 
Arts;  and  the  correct  rule  was  at  die  same 
time  given.    The  details  bdong  to  the  article 
Specific  Gravity ;  but  the  rule  merits  a  place 
here  .  The  specific  gravity  of  the  alloy   is 
found  by  dividing  the  sum  of  the  weighta  by 
die  sum  of  the  volumes,  oompsred  to  writer, 
reckoned  unity.    Or  in  another  form,  the  rule 
may  be  stated  thus :   Multiply  die  sam  of  the 
weights  uto  the  product  of  the  two  specific 
gravities  for  a  numerator,  and  multinly  each 
specific  gcavily  into  the  weight  of  me  other 
body,  and  add  the  two  products  together  for  a 
denominator.    The  quotient  obtahied  by  dirid. 
ing  the  numcntor  by  the  denominator,  is  the 
true  comp9ited  mean  specific  gravity ;  and  that 
found  by  experiment,  befaig  compaied  with  it, 
will  show  whether  expansion  or  oondensation 
of  volume  has  attended  the  cfaenuoal  oombina- 
tion.     Gold  having   a   specific  gravity    of 
19.30,  and  copper  of  &67,  being  alloyed  in 
equal  weights,   give  on  die  faUadous  rule 
of  the   antmetioU   mean  of   the  denndes, 

^     .     =  14.11 ;  whereas  die  rightly 

calculated  mean  specific  gravity  is  only  12.16. 
It  is  evident,  that  by  comparing  the  fonxier 
number  with  chemical  experiment,  we  should 
be  led  to  infer  a  prodigious  condensation  of 
volume  beyond  what  reialy  occurs. 

A  circumstance  was  observed  by  Mr.  Hat<^ett 
to  influence  the  density  of  metals,  which  a 
^ori  might  be  thought  unimportant  When 
abar  of  gold  was  cast  in  a  vertical  position,  the 
density  of  the  metal  at  the  lower  end  of  the  bar 
was  greater  than  that  of  the  top,  in  the  pro- 
portion  of  17.364  to  1 7.035.  Are  we  to  infer 
that  mdted  metal  is  a  compressible  fluid,  or 
rather,  that  particles  passing  into  the  solid 
state  under  pressure,  exert  thdr  cohesive  at- 
traction  with  adventitious  strength?  Under 
the  tide  metal,  a  tabular  view  of  metallic 
combinations  will  be  found,  and  under  that  of 
the  particular  metal,  the  requisite  information 
about  its  alloys. 

ALLUVIAL  FORMATIONS,  in  geo- 
logy,  are  recent  deposits  in  valleys  or  in  plains, 
of  the  detritus  of  the  neighbouring  mountains. 
Gravd,  loam,  day,  sand,  brown  ooal,  wood 
coal,  bog  iron  ore,  and  cdc  tufiT,  compoae  the 
idluvial  deposits.  The  gravd  and  sand  some- 
times contain  gold  and  tin,  if  the  ores  exist 
in  the  adjoining  mountains.    Petrified  wood 
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•ad  maaal  skdelons  aie  finiid  in  te  alluvial 
days  and  land. 

AI^MANDINE.    PRdoua  gaincc. 

ALJfOMDS.    Almonda  oonaist  efalefiy  oT 
ao  oil  of  the  natme  of  hk  oOa,  together  with 
fcriniaBous  mattec    The  oQ  is  ao  plentiful, 
and  ao  looaeiy  oomhiiied  or  mixed  with  the 
odier  priodplea,  that  it  ia  obtained  bj  simple 
pMiaauiu  and  part  of  it  may  be  sqneeied  out 
villi  the  fingoa.    Five  poanda  and  a  half  have 
yielded  one  pound  six  ouncea  of  oil  by  cold 
ezpR8■ifll^  and  three  qoartora  of  a  pound  more 
OB  heatiag  them.     There  are  two  kinds  of 
ahnondi,  the  sweet  and  bitter.    The  bitter 
afanoBda  yidd  an  oQ  as  tasteless  aa  that  of  the 
other,  all  the  bitter  matter  Temaming  In  the 
eake  after  the  ezpreflskm.    Great  part  of  the 
latter  matfes  diasolves  by  digeetion,  both  in 
wacery  and  apiiitooDS  Uquom ;  and  part  arises 
with  both  in  distillation.    Bember  obtained 
from  them  l-3d  of  watery  extrsct,  and  3'32da 
of  apiritaoos.    Bitter  ahnonda  are  poisooous 
to  faoda,  and  to  some  animala.    A  water  dis. 
tilled  fiom  than,  when  made  of  a  certain  de- 
gree of  strength,  has  been  found  ham  experi- 
ment  to  be  poisonous  to  brutes;  and  there  are 
iartanoes  of  cmdisl  spirits  imprvnated  with 
them  being  pcriaonous  to  men.    It  seems,  in- 
deed, thai  the  vegetable  prindple  of  bitterness 
ia  afanoDda  and  me  kernels  of  other  fruits,  is 
dotnictive  to  animal  Ufe,  when  separated  by 
diatiUatien  from  the  oil  and  Mnaeeous  matter, 
ne  diatiUed  water  from  laoiel  leaves  appeaia 
ta  be  of  thia  natare^  and  its  poisonous  ^ects 
lie  veil  known.    See  Acid  (Paussic). 

Sweet  almonds  are  made  into  an  emulsion 
by  tntoration  with  water,  whidi  on  standing 
Mpaiates  a  thick  cream  floating  on  the  top. 
The  emulsion  mav  be  curdled  by  heat,  or  the 
addition  of  aloohtd  or  adds.  The  whey  con. 
tans  gum,  extractive  matter,  and  sugar,  ac- 
oading  to  Profeasor  Proust ;  and  the  curd, 
vfaen  waahed  and  dried,  yields  oil  by  expres- 
floi,  and  afterward  by  distillation  the  same 
prodacta  aa  dieese.  llie  whey  is  a  good  di- 
laent. 

Pniaaic  or  hydrocyanic  add  is  the  deleteri- 
oBs  ingiedieot  in  bitter  almonds.  The  best 
remedy,  after  emetics,  is  a  combiDation  of  sul^ 
phate  of  iron  with  bicarbooate  of  potash. 

ALOE&  This  is  a  bitter  juice,  extracted 
from  the  leaves  of  a  plant  of  the  same  name. 
Thiee  sorts  of  sloes  are  distinguiahed  in  the 
ibops  by  the  names  of  aloe  soccotrina,  aloe 
bepatiea,  and  aloe  cabaUina.  The  first  deno- 
m;«^»i«»^  which  is  applied  to  the  ptireat  kind, 
ii  fW»*t  from  the  island  of  Zoootors ;  the  se- 
eond,  or  next  in  quality,  ia  called  hepatica, 
fhim  its  liver  ooloor;  and  the  thhd,  cabaUioa, 
from  the  use  of  thia  speciea  being  confined  to 
bones.  These  kinds  of  aloes  are  said  to  differ 
only  10  purity,  thoof^  from  the  difference  of 
tlKir  Aivoora,  it  ia  probable  that  they  may  be 
abtauied  in  some  instances  from  different  spe- 


cies of  the  same  plant  Itia  certain,  however, 
that  the  difeent  kinds  are  all  prepared  at 
Morviedro  in  Spain,  fiom  the  same  leaves,  of 
the  common  aloe.  Deep  incisions  are  made  in 
the  leaves,  ftom  which  the  juioe  is  suflbred  to 
flow;  and  this,  after  decantatkm  ftom  its  sedi. 
ment,  and  inspisaation  in  the  sun,  is  exposed 
to  sale  in  leathern  bags  by  the  name  of  soooo. 
trine  aloes.  An  additional  quantity  of  juice  is 
obtained  by  pressure  from  the  leavea ;  and  this, 
when  decanted  from  its  sediment  and  dried,  is 
the  hepatic  aloes.  And  lastly,  a  portion  of 
juice  is  obtained  by  atrang  preaaure  of  the 
leaves,  and  ia  mixed  with  tl^  dregs  of  the  two 
preceding  kinds  to  form  the  csfidline  aloei. 
The  first  kind  is  said  to  contain  much  less 
resin.  The  principal  characters  of  good  aloes 
are  these :  it  must  be  ^ossy,  not  very  Uack, 
but  brown ;  when  rubbed  or  cut,  of  a  yellow 
colour;  compact,  but  easy  to  break;  easfly 
soluble;  of  an  unpleasant  peculiar  smell, 
which  cannot  be  described,  and  an  extiemdy 
bitter  taste. 

Aloes  appears  to  be  sn  intimate  oombinatkMi 
of  gummy  resinous  matter,  so  well  blended 
together,  that  waterv  <Mr  spirituous  solvents, 
separately  ^plied,  dttsolve  the  greater  part  of 
both.  It  is  not  determined  whtther  there  be 
any  difference  in  the  medical  properties  of  these 
solutions.  Both  are  purgative,  aa  is  likewise 
the  aloes  in  substance ;  ami,  if  uaed  too  freely, 
are  apt  to  prove  heaUng,  and  produce  henior. 
rhoidal  compUunta. 

Braconnot  imaginea  he  haa  detected  in  aloea 
a  peculiar  prindple,  similar  to  the  bitter  mi- 
lunuj  whidi  Vauquelin  haa  found  hi  nuny 
barks.  The  recent  juioe  of  the  leaves 


absorbs  oxygen,  and  becomes  a  fine  reddish, 
purple  pigment. 

ALVDEIm  The  proceas  of  sublimation 
differs  ftom  distillation  m  the  nature  of  its 
product,  which,  instead  of  becoming  condensed 
in  a  fluid,  aasumea  the  aolid  etate,  and  the 
form  of  the  reedven  may  of  oourae  be  very 
different  The  recdvers  for  sublimates  are  of 
the  nature  of  chimnies,  in  which  the  dastlc 
poducls  are  condensed,  and  adhere  to  thdr 
mternal  sui&ee.  It  is  evident  that  the  head 
of  an  alembic  will  serve  very  well  to  veodve 
and  condense  such  sublimates  as  are  not  very 
volatile.  The  earlier  chemists,  whose  notions 
of  simplidty  were  not  always  the  most  perfect, 
thought  proper  to  use  a  number  of  dmilar 
heads,  one  abovl  the  other,  communicating  m 
succession  by  means  of  a  perforation  in  the 
superior  part  of  each,  which  received  the  neck 
of  the  capital  immediatdy  above  it  Theae 
heads  differing  in  no  respect  from  the  usual 
heada  of  alembics,  excepting  in  theb:  having 
no  qose  or  beak,  and  in  the  other  dreum. 
stances  here  mentioned,  were  called  aludds. 
They  are  sddom  now  to  be  seen  hi  chemical 
laboratories,  because  the  operations  of  this 
art  may  be  performed  with  greater  simplidty 
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of  HiMnrawnl^  pionded  aUcntkn  be  paid  to 
the  heit  and  omcr  cireiimttetieek 

ALUM.    SeeALuxiKA,  Salpliateof. 

ALUM-SARTH.  A  massive  mineial^ 
of  a  bladdsh-browD  ooloiir,  a  dnU  lustie,  an 
earthy  and  somewhat  slaty-  fracture,  sectile, 
and  rather  soft.  By  Klaproth's  analysis  it 
oontains,  cfaareoal  19.65,  tOica  40,  alumina  IS, 
oxide  of  iron  6L4,  sulphur  3.84,  sulphates  of 
lime  and  potash  each  1.5,  sulphate  of  iron  1«8, 
magnesia  and  muriate  of  potash  0.6,  and  water 
10.75. 

ALUM^LATE.  I.  Common.  This  mi- 
nend  oocnra  both  massive  and  in  insulated 
balls  of  a  greyish-black  eobur,  dull  histre, 
straight  slaty  fracture,  tabular  fragments, 
sneak  ooUmred  like  itsdf.  Though  soft,  it 
la  not  veiy  brittle.  Effloresces,  acquiring  the 
taste  of  alum. 

2.  Glossy  Alum-slate.  A  massiTe  mineral 
of  a  Uuish-black  colour.  The  rents  dbplay  a 
variety  of  lively  purple  tints.  It  has  a  semi- 
metallic  lustre  in  the  fracture,  which  is  strakfat, 
■laty,  or  undulating.  There  is  a  soft  vanety 
of  i^  approadiin^  in  appeanmoe  to  slate  dav. 
By  exposure  to  air  its  thickness  is  prodigious^ 
augmtfited  by  the  ibrmalion  of  a  saline  efflor- 
esoence,  whidi  separates  its  thinnest  platea. 
These  afterwards  caEfoUate  in  brittle  sectioDs, 


Iff  entire  disintegration. 

ALUMINA.  One  of  the  primitive  earths, 
which,  as  constituting  die  plastic  principle  of 
an  clays,  loams,  and  boles,  was  called  ai^  or 
the  argillaceous  earth,  but  now,  as  being  ob- 
tained in  greatest  parity  from  alnm,  is  styled 
alumina.  It  was  deemed  dementaiy  matter 
tUl  Sh-  H.  Davy*8  oetebrated  dectro-ehemical 
researches  led  to  the  belief  of  its  being,  like 
banrtes  and  lime,  a  metallic  oxide. 

The  purest  native  alumina  is  found  in  the 
oriental  gems,  the  sapphire  and  ruby.  They 
consist  of  nothing  but  this  earth,  and  a  small 
portion  of  colouring  matter.  The  native 
poroehun  days  or  kaolins,  however  white  and 
soft,  can  never  be  regarded  as  pure  alumina. 
They  usually  contain  fttlly  half  uieir  wdj^t  of 
silica,  and  frequently  other  earths.  To  obtain 
pure  alumina  we  diisdve  alum  in  20  times  its 
weight  of  water,  and  add  to  it  a  little  of  the 
solutkm  of  carbonate  of  soda,  to  throw  down 
any  iron  which  may  be  present  We  then 
drop  the  snpematnit  liquid  into  a  quantity  of 
the  water  of  ammonia,  taking  can  not  to  add 
so  much  ot  the  alumhums  solutian  as  will 
satiinte  the  aomionia.  The  voiatUe  alkali 
unites  with  the  sulphuric  add  of  the  alum, 
and  the  earthy  basis  of  the  Utter  is  sepa- 
rated  in  a  white  spongy  prednitate.  This 
must  be  thrown  on  a  filter,  wadied,  or  edul- 
oorated,  as  the  old  chemists  expressed  it»  by 
lepeated  affiisioiis  of  water,  and  then  dried. 
Or  if  an  alum,  made  with  ammonia  instead 
of  potash,  as  is  the  case  with  some  French 
ahtms,  can  be  got,  sunple  ignition  dissipates 


its  add  and  alkaline  oonsttacnts,  leavliigpsre 

alumina. 

Alumina  prepared  by  Ae  first 
white,  pulverulent,  soft  to  the 
to  the  tongue,  feems  a  soMMrth  paste  y 
gtittiness  in  tilie  moutht  instoid,  inodflnms, 
produces  no  change  in  vegetable  coioots,  inao^ 
iuble  in  water,  but  mixes  with  it  readily  in 
every  proportion,  and  retains  a  small  quantity 
with  considerable  force;  is  infiidble  in  thie 
strongest  heat  of  a  frimaoe, 
merely  a  condensatkm  of  volnme  snd 
quent  hardness,  but  is  in  small  quantities 
mdted  by  the  oxyhydvogen  UowpiM  Its 
specific  gravity  is  2.000,  in  the  state  or  powder, 
but  by  ^ition  it  is  augmented. 

Every  analogy  leada  to  the  belief  that  ala- 
mine  contains  a  peculiar  metal,  wludi  may  be 
called  aluminum.  The  first  evidences  «>b- 
tained  of  this  podtion  an  presented  in  Shr  H. 
Davy's  researcoes.  Iron  negativdy  electrified 
by  a  very  high  power  being  fused  in  contact 
with  pure  alumina,  fonned  a  globule  whiter 
than  pun  iron,  which  dftrvcaoed  slowly  in 
water,  Ixiooming  covered  with  a  white  powder. 
The  solution  of  this  in  moriatie  add,  deoom- 
posed  by  an  alkali,  afforded  ahiminaaiid  oxide 
oi  iron.  By  passing  potasdnm  in  vapour 
tfuough  alumina  heated  to     " 


greatest  part  of  the  potasdom  became 
verted  into  potash,  wnich  fbtmed  a 
mass  with  that  part  of  the  alumina  not  deoom. 
pounded;  and  in  this  mass  there  were  numer- 
ous  grey  particles,  having  the  metallic  Instxe, 
and  widen  became  white  when  heated  In  the 
air,  and  which  slowly  effervesced  in  water.  In 
a  simtlar  experiment  made  by  the  same  Ulu*. 
trioQs  diemist,  a  strong  red  heat  only  bdng 
applied  to  the  alumina,  a  mass  was  obtained, 
wmch  took  fire  spontaneously  by  exposoie  to 
air,  and  which  eflervesced  violently  in  water. 
This  mass  was  probably  an  alloy  of  alominuni 
and  potassium.  The  conversian  of  potns- 
dum  into  its  oxide,  dry  potash,  by  alumina, 
proves  the  presence  of  oxyven  in  the  latter. 
when  regarded  as  an  oxide.  Sir  H.  Davy 
estimates  its  oxygen  and  bads  to  be  to  one 
another  as  15  to  33 ;  or  as  10  to  22.  The 
prime  equivdent  of  alumina  would  thoa 
^>pear  to  be  1.0  -)-  2.2  =  3.2. 

But  Berselius^s  analysis  of  sulphate  of  alu- 
nfaia  seems  to  indicate  2.136  as  the  quandty 
of  the  earth  whidi  combines  with  6  of  the  add. 
Hence  aluminum  will  come  to  be  Rpresntod 
bv  2.136  —  1  =  1.136.  We  diall  presenUy 
show  that  his  analysis,  both  of  alum  and  suU 
phate  of  ahmdna,  may  be  reconciled  nearhr  to 
Sir  H.  Davy's  equivdent  prime  =  3^2.  Thai 
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of  aluminum  will  become  cf  conrw  2.2. 

Alumina  which  has  lost  its  plastidty  by 
ignition,  recovers  it  by  being  dissolved  in  an 
acid  or  alkaline  menstruum,  and  then  pred- 
pitatcd.  In  this  state  it  is  called  a  hydrate, 
for  when  dried  in  asteamheat  it  retains  much 
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I  in  COBBpOllkilll 

wsfcilite,  a  bcaadful  minenl,  conabting  dU 
moat  cotirdy  of  iilnmina,  with  aboat  28  per 
rdiffiuedia 


Alumiiuib  widely 
It  is  a  ooDidtneDt  of  every  loil,  and 
of  dmoBt  ererj  rock.  It  it  the  bads  of 
pwTThnn,  pottery,  bricks,  and  cracibles.  Its 
alliiBijIbrircgelableoiiloariiiginatteris  made 
Bse  of  in  the  prtpantioa  of  lakes,  and  in  the 
■na  of  dyeing  and  calieo  printing.  Native 
mBBWiMriliJMB  of  alumina  constitate  the  fuU 
ler'acaitii,  ochras,  boles,  pipe-dsya,  &c 

AI^UMINA  (SALTS  of). 

These  salts  have  the  following   genenl 


1.  Most  of  than  are  very  aolable  in  water, 
and  tlieir  sefaitidns  have  a  sweetish  acerb  taste; 

S.  Ammonia  thiows  down  their  earthy  base, 
even  diong^  they  have  been  preriously  addn- 


islnu] 
tioD  Ob  tnciradd. 

dk  Phnsphate  of  ammonia  gives  a  white 


5w  Hydriodate  of  potash  produoes  a  floccu- 
lat  praeipilale  of  a  white  colour,  paseing  into 
a  permanent  ydlow. 

6L  They  are  not  afleded  by  oxalate  of  am- 
Boniay  taxfaric  acid,  foroprussiate  of  potash, 
or  tindtmeof  galls ;  by  the  first  two  tests  they 
siedktingaiduihlefram  yttria,  and  1^  Uielart 
tan  from  that  earth  and  glndna. 

7.  If  bisulphate  of  potash  be  added  to  a 
sekidon  of  an  aluminous  salt,  moderatdy 
floncencialed,  octahedral  crystals  of  slum  will 

luMlfa 

AeeimU  tf  AlmmkuL  By  digesting  ttrong 
atetic  add  on  newly  pnetpitated  alumina,  this 
■line  combination  can  be  directly  formed. 
Vmegar  of  orfinaiy  strength  scarody  acts  on 
ike  csrth.  But  the  salt  is  sddom  made  in 
ikia  way.  It  is  prepared  in  large  quantities 
kt  the  calioo  printers,  by  decomposing  alum 
vidi  acetate  of  lead;  or  move  economicalhr 
viik  aqueoos  acetate  of  lime,  having  a  specific 
parity  of  abont  1.060;  a  galkm  of  which, 
e^videnc  to  nearly  half  a  pound  avoiidupoise 
if  dry  acetic  add»  is  empknred  for  every  2flb. 
if  alam.  A  sdl^ihate  of  time  is  formed  by 
oomplez  affinity,  whidi  precipitRtes,  and  an 
acetate  of  alumina  floats  above.  The  above 
proportion  of  slum  is  modi  beyond  the  eqni- 
valeot  quantity ;  and  the  spedfie  gravity  of 
die  Uqald  is  cooseqnently  rused  by  the  excess 
of  salt.  It  is  usually  1.060.  By  careful 
««apocadon  capiUary  crystals  ate  formed, 
whkii  readily  ddiqnesce.  M.  Gay  Lussac 
made  some  cnrkms  observations  on  the  solu. 
tloosofddssak.  £ven  when  made  with  odd 
wtoiated  solntions  of  slum  and  acetate  of 
had,  and  eooaemiently  but  little  concentrated, 
it  becomes  tarbU  when  heated  to  122«  Fahr.; 
aiid  at  a  boiUna  heat  a  predpitatc  falls  of 
abent  one-half  or  die  whole  salL  On  cooling 
it  is  rediBBOiv^     This  dccompontion  by 


heat,  whkh  would  be  prefodkial  to  the  calico 
printer,  is  prevented  by  the  excess  of  alum 
whidi  is  properly  used  in  actual  practice.  JVf . 
Gay  LossBO  thinks  this  phenomenon  has  oon- 
sidaable  analogy  with  the  coagulatum  of  albu- 
men  by  heat ;  the  particles  m  the  water,  and 
of  the  solid  matter,  bein^  carried  by  the  heat 
out  of  then:  sphere  o£  activity,  separate.  It  is 
probably  a  subacetate  whidi  falls  down,  as 
well  as  that  which  is  obtained  by  drying  the 
crystals.  Wenzel's  analysis  of  aceUte  of 
alumina  gives  73.81  add  to  26.19  base  in 
100  parts.  If  we  suppose  it  to  consist,  like 
the  sulphate,  of  three  primes  of  acid  to  two 
of  slumina,  we  shall  have  for  its  equivalent 
proportions,  20  of  dry  acid  -{-0.4  earth  or 
75.0  -f  24.2  =  100.  As  alum  contams,  in 
round  numbers,  about  l-9th  of  earthy  base, 
8  oz.  of  real  acetic  add  present  in  the  gallon 
of  the  redistilled  pyrolignous,  would  require 
abont  2jl  lbs.  of  alum  for  exact  deoompo. 
ntion.  The  excess  employed  is  found  to  be 
useful. 

The  affinilj  between  the  constituents  of  this 
salt  is  very  feeUe.  Hence  the  attraction  of 
cotton  fibre  for  alumina,  aided  by  a  moderate 
heat,  is  sufBdeot  to  decompose  it. 

The  fdlowtng  salts  of  alomhia  are  inso- 
luble in  water : — ^Araeniate,  borate,  phosphate, 
tungstate,  meUate,  saclactate,  lithate,  malate, 
oamphocatew  The  oxalate  is  uncrystallizablc 
It  consists  of  66  add  and  water,  and  44  alu- 
mina. The  tartrate  does  not  crystalHze.  But 
the  tartrate  of  potash  and  alumina  is  remark, 
able,  according  to  Thenard,  for  yielding  no 
predpitate,  dSier  by  alkalis  or  alkaline  car- 
bonates.  The  supergallate  crystallizes.  There 
seems  to  be  no  dry  carbonate.  A  supemitrate 
exists  very  difficult  to  crystallize.  Its  specific 
grarity  is  1.645.  A  moderate  heat  drives  off 
3ie  add.  The  muriate  is  easily  made  by  di- 
gesting muriatic  add  on  gelatinous  alumina. 
It  is  colourless,  astringent,  deliquescent,  un- 
crystal  liyable,  reddens  turnsole,  and  forms  a 
gdatinoos  mass  by  evaporation.  Alodiol  dis- 
solves at  &y^  half  iU  weight  of  this  salt  A 
dull  red  heat  separates  the  acid  from  the 
alumina.  Its  composition  is,  according  to 
Budiolz,  29.8  add,  30.0  base,  40.2  water,  in 
100  parts. 

Sulphate  of  alumina  exists  under  several 
modifications.  The  simple  sulphate  is  easily 
made,  _^  digesting  sulphuric  add  on  pure 
day.  The  salt  thus  fixrmed  crystallizes  in 
thin  soft  plates,  having  a  pearly  lustre.  It 
has  an  astringent  taste,  and  is  so  soluble  in 
water  as  to  crystallize  with  difficulty.  When 
moderatdy  heated  the  water  escapes,  and,  at  a 
higher  temperature,  the  add.  Bendius  has 
chosen  this  salt  for  die  purpose  of  determining 
the  equivalent  of  alumina.  He  considers  the 
dry  sulphate  as  a  compound  of  100  parts  of 
sulphuric  acid  with  42.722  earth.  This  makes 
the  equivalent  21.S61,  oxygen  being  reckoned 
10,  if  we  consider  it  a  compound  of  a  prime 
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proportion  of  each.  But  if  we  regazd  it  as 
ocnuiistiDg  of  3  of  add  and  2  of  base,  we  shall 
have  32.0  for  the  prime  equivalent  of  alumina. 
The  reason  for  assigning  this  number  will 
appear  in  treating  of  the  next  salL 

ALUM.  TMs  important  salt  has  been 
the  object  of  innumerable  researches  both  with 
regard  to  its  fabrication  and  composition. 
It  is  produced,  but  in  a  very  small  quantity, 
in  the  native  state;  and  this  is  mixed  with 
heterogeneous  matters.  It  effloresces  in  va- 
rious forms  upon  ores  during  calcination,  but 
it  seldom  occurs  crystallized.  The  greater 
part  of  this  salt  is  factitious,  being  extracted 
from  various  minerals  called  alum  ores,  such 
as,  1.  Sulphurated  clay.  This  constitutes  the 
purest  of  all  aluminous  ores,  namely,  that  of 
la  Tolfo,  near  Civita  Vecchia,  in  Italy.  It  is 
white,  compact,  and  as  hard  as  indurated  day, 
whence  it  is  called  petra  aiumtnariu  It  is 
tasteless  and  mealy;  one  hundred  parts  of 
this  ore  contain  above  forty  of  sulphur  and 
fifty  of  clay,  a  small  quantity  of  potash,  and 
a  little  iron.  Bergman  says  it  contains  forty- 
tiiree  of  sulphur  in  one  hundred,  thirty-five  of 
clay,  and  twenty-two  of  siliceous  earth.  This 
ore  is  first  torrefied  to  addify  the  sulphur, 
which  then  acts  on  the  clay,  and  forms  the 
alum. 

2.  The  pyritaceous  clay,  which  is  found  at 
Schwemsal,  in  Saxony,  at  ihe  depth  of  ten  or 
twelve  feet.  It  is  a  block  and  hard,  but 
brittle  substance,  consisting  of  clay,  pyrites, 
and  bitumen.  It  is  exposed  to  the  air  for  two 
years ;  by  which  means  the  pyrites  is  decom- 
posed, and  the  alum  is  formed.  The  alum 
ores  of  Hesse  and  Li^e  are  of  this  kind ;  but 
they  are  first  torrefied,  which  is  said  to  be  a 
disadvantageous  method. 

3.  The  schistus  aluminaris  contains  a  vari- 
able proportion  of  petroleum  and  pjrrites  inti- 
mately mixed  with  it.  When  the  last  are  in 
a  very  large  quantity,  this  ore  is  rejected  as 
containing  too  much  iron.  Professor  Berg- 
man very  properly  suggested,  tiiat  by  adding 
a  proportion  of  clay,  this  ore  may  turn  out 
advantageously  for  produdng  alum.  But  if 
the  petrol  be  considerable,  it  must  be  torrefied. 
The  mines  of  Becket  in  Normandy,  and 
those  of  Whitby  in  Yorkshire,  are  of  this 
spedes. 

4.  Volcanic  aluminous  ore.  Such  is  that 
of  Solfaterra,  near  Naples.  It  is  in  the  form 
of  a  white  saline  earth,  after  it  has  effloresced 
in  the  air;  or  else  it  is  in  a  stony  form. 

5.  Bituminous  alum  ore  is  csJled  shale, 
and  is  in  the  form  of  a  schistus,  impregnated 
with  80  much  oily  matter,  or  bitumen,  as  to 
be  inflammable.  It  is  found  in  Sweden,  and 
also  in  the  coal  mines  at  Whitehaven,  and 
elsewhere. 

Chaptal  has  fabricated  alum  on  a  large  scale 
from  its  component  parts.  For  this  purpose 
he  constructed  a  chamber  91  feet  long,  48 
wide,  and  31  high  in  Uie  middle.    The  walls 


are  of  commoD  maaoary,  lined  widi  a  prattjr 
thick  coating  of  plaster.  The  floor  is  paved 
with  bricks,  bedded  in  a  mixture  of  raw  and 
burnt  clay ;  and  this  pavement  is  covered  witlx 
another,  the  joints  of  which  overlap  those  of 
the  first,  and  instead  of  ^nortar  the  bricka  are 
joined  with  a  cement  of  equal  parts  of  piu^., 
turpentine,  and  wax,  which,  after  having  been 
boiled  till  it  ceases  to  swell,  is  used  hot  The 
roof  is  of  wood,  but  the  beams  are  very  close 
together,  and  grooved  lengthwise,  the  inter- 
mediate space  being  filled  up  by  planks  fitted 
into  the  grooves,  so  that  the  whole  is  put  to. 
gether  without  a  naiL  Lastiy,  the  whole  of 
the  indde  is  covert  with  three  or  four  suooes- 
sive  coatings  of  the  cement  above-mentioQed, 
the  first  bmg  laid  on  as  hot  as  possible;  and 
the  outside  of  the  wooden  roof  was  varnished 
in  the  same  mannen  The  purest  and  whitest 
day  bdng  made  into  a  paste  wiUi  watei,  and 
formed  into  balk  half  a  foot  m  diamet«r»  these 
are  calcined  in  a  fumaoeb  broken  to  pieces,  and 
a  stratum  of  the  fragmenu  laid  on  the  floor. 
A  due  proportion  of  sulphur  is  then  ignited  ia 
the  chamber,  in  the  same  manner  as  for  the 
fabrication  of  sulphuric  add;  and  the  frag- 
ments of  burnt  day,  imbibing  this  as  it  fonns^. 
b«in  after  a  few  days  to  oxaSk  and  open,  and 
exhibit  an  efflorest^ence  of  sulphate  of  alumina* 
When  the  earth  has  completely  effloresced,  it 
is  taken  out  of  tiie  chamber,  exposed  for  sooie 
time  in  an  open  shed,  that  it  mav  be  the  moie 
intimately  penetrated  by  the  ado,  and  is  tbea 
lixiviated  and  oyBtalllaed  in  the  usual  manner. 
The  cement  answers  the  purpose  of  lead  on  this, 
oocp^sion  very  effectually,  and,  according  to  M. 
Chaptal,  coBU  no  more  than  lead  would  at 
three  farthings  a  pound. 

Curaudau  has  lately  reconmieDded  a  proeesa 
for  making  alum  without  evaporation.  One 
hundred  parts  of  day  and  five  of  muriate  of 
soda  are  kneaded  into  a  paste  with  water,  and 
formed  into  loaves.  With  these  a  reverbera- 
tory  fomace  is  filled,  and  a  brisk  fire  ia  kept 
up  for  two  hours.  Being  powdered,  and  put 
into  a  sound  cask,  one-finrth  of  their  weight 
of  sulphuric  add  is  poured  over  them  by  de- 
grees,  stirring  the  mixture  well  at  eadi  ad- 
dition.  As  soon  as  the  muriatic  gas  is  dis- 
sipated, a  quantity  of  water  equal  to  the  add 
is  addol,  and  the  mixture  stirred  as  befon. 
When  the  heat  is  abated,  a  little  more  water 
is  poured  in ;  and  this  is  repeated  till  eight  or 
ten  times  as  much  water  as  there  was  add  ja 
added.  When  the  whole  has  settled,  the  den 
liquor  is  drawn  off  into  leaden  vessels,  and  a 
quantity  of  water  equal  to  this  liquor  ia  ponied 
on  the  sediment  The  two  liquors  being 
mixed,  a  solution  of  potash  is  added  to  than, 
the  alkali  in  which  is  equal  to  one-fourth  of 
the  wdght  of  the  sulphuric  add.  Sulphate  of 
potash  mav  be  used ;  but  twice  as  mudi  of 
this  as  of  the  alkali  is  necessary.  After  a  cer- 
tain time  the  liquar  bycoolmg  affl>ids  oyatala 
of  alum  equal  to  three  times  ue  weight  of  the 
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usd  cued.  It  is  Kfined  by  duiolting  it  in 
the  smaUeat  posabk  quantity  of  boiling  water. 
The  Toodue  may  be  washed  with  more  water, 
u>  be  employed  in  lixiviating  a  fresh  portion 
uftbeingiedients. 

As  tl^  mother  water  still  contains  alum, 
%-iih  sulphate  of  iron  very  much  oxlded,  it  is 
well  adapted  to  the  fabricatkn  of  prussian 
bhie^  Tliia  mode  of  making  alum  is  parti- 
cularly advantageous  to  the  mannfartuTexs  of 
prussian  blue,  aa  they  may  calcine  their  day 
at  the  same  time  with  their  animal  matters 
without  additioDal  expense :  they  will  have  no 
ceed  IB  this  case  to  add  potash ;  and  the  pre- 
Mnce  of  inm,  instead  of  being  injurious,  will 
be  very  uaeftd.  If  they  wishd  to  make  alum 
for  sale,  they  might  use  the  solution  of  sul- 
phate of  potadi  arising  from  the  washing  of 
tbtfir  pnunan  blue,  instead  of  water,  to  dis- 
solve the  combinatJon  of  alumina  and  sulphu- 


The  residuums  of  disdUers  of  aquafortis 
are  applicable  to  the  same  purposes,  as  they 
coDtsdn  the  alumina  and  potash  requisite,  and 
only  require  to  be  reduced  to  powder,  sprin- 
kled with  sulphuric  add,  and  lixiviated  with 
water,  in  the  manner  directed  above.  The 
mother  waters  of  these  alums  are  also  useful 
in  the  fiibricatioo  of  prussian  blue.  As  the 
reaiduam  of  aquafortis  contains  an  over-pro- 
poitifln  of  add,  it  will  be  found  of  advan- 
tage to  add  an  eighth  of  iu  weight  of  day  cal- 
anedaa  above. 

The  most  extensive  alum  manufactory  in 
Great  Britain  is  at  Hurlett,  near  Paisley,  on 
the  estate  of  the  Earl  of  Glasgow.  The  next 
in  m^nttnde  is  at  Whitby :  of  whose  state 
iTid  prooesses  an  instructive  account  was  pub- 
lished by  Mr.  Winter  m  the  2dth  volume  of 
Mcbolson^a  JoumaL  The  stratum  of  alu- 
idnoos  sdustus  is  ,about  29  miles  in  widdi, 
sod  it  is  covered  by  strau  of  alluvial  soil, 
Mndstooe,  uoostone,  shell,  and  day.  The 
almn  sehkt  is  generally  foimd  diiq^osed  in 
horiaantal  laminsB.  The  upper  part  of  the 
lodt  is  the  most  abundant  in  sulphur;  so 
that  a  cubic  yard  taken  from  the  top  of  the 
snstom  is  5  times  more  valuable  than  the 
■rac  bulk  100  feet  bdow. 

If  a  quantity  of  the  sdxistus  be  laid  in  a 
heap,  and  moistened  with  sea-water,  it  wiU 
tike  fire  spontaneously,  and  will  continue  to 
bun  tin  the  whde  inflammable  matter  be 
oooBumed.  Its  colonr  is  bluish-grey.  Itssp. 
graifity  is  2.48.  It  imparts  a  bituminous 
piindpie  to  aleohol.  Fused  with  an  alkali, 
zDnriscic  add  predpitatea  a  large  proportion 
ofsilex. 

The  expense  of  digging  and  removing  to  a 
distance  of  200  yards  one  cubic  yard  .of  the 
schistoae  rock,  is  about  sixpenoe-halfpenny. 
A  man  can  earn  from  2«.  6d.  to  St*  a-day. 
The  rock,  broken  into  small  pieces,  is  laid  on 
A  hnteital  bed  of  fbd,  composed  of  brash- 


wood,  &c.  When  about  4  feet  in  height  of 
the  rock  is  piled  on,  fire  is  set  to  the  bottom, 
and  fresh  rock  continually  poured  upon  the 
pile.  This  is  continued  uutil  the  calcined 
heap  be  raised  to  the  height  of  90  or  100  feel. 
Its  horisontal  area  has  also  been  progressivdy 
extended  at  the  same  time,  till  it  forms  a 
great  bed  nearly  200  feet  square,  having  about 
100,000  yards  of  sdid  measurement.  The 
npidity  of  the  combustion  is  allayed  by  plas- 
tering up  the  crevices  with  small  schist  moist- 
ened. Notwithstanding  of  this  precaution,  a 
great  deal  of  sulphuric  or  sulphurous  add  is 
dissipated.  130  tons  of  calcined  sduRt  pro- 
duce on  an  average  1  ton  of  alum.  This  re- 
sult has  been  deduced  from  an  average  of 
160,000  tons. 

The  calcined  mineral  is  digested  m  water 
contained  in  pits  that  usually  contain  about 
60  cubic  yards.  The  liquid  is  drawn  off  into 
dstems,  and  afterwards  pumped  up  again 
upon  fresh  calcined  mine.  This  is  «p€^ 
until  the  specific  gravity  becomes  1.16.  The 
half-exhausted  sdust  is  then  covered  with 
water  to  take  up  the  whole  soluble  matter. . 
The  strong  liquor  is  drawn  off  into  settlmg 
cisterns,  where  the  sulphau  of  lime,  iron,  and 
earth  are  deposited.  At  some  works  the  bqmd 
is  boiled,  which  aids  its  purification.  It  is 
then  run  into  leaden  pans  10  feet  long,  4  feet 
9  inches  wide,  2  feet  2  inches  deep  at  the  one 
end,  and  2  feet  8  hiches  at  the  other.  This 
dope  makes  them  be  easily  emptied.  Here 
the  liquor  is  concentrated  at  a  boiling  heat. 
Every  morning  the  pans  are  emptied  into  a 
settling  dstcm,  and  a  solution  of  muriate  of 
potash,  dther  pretty  pure  from  the  naanufac- 
turer,  or  crude  and  compound  from  the  soap- 
boiler, is  added.  The  quantity  of  muriate 
necessary  is  determined  by  a  previo^  experi- 
ment in  a  basin,  and  is  regulated  for  the  work- 
men by  the  hydrometer.  By  this  addition  the 
pan  liquor,  which  had  acquired  a  specific  gra- 
vity of  1.4  or  1.6,  is  reduced  to  1.36.  After 
bang  allowed  to  settle  for  two  hours,  it  is  run 
off  mto  the  coolers  to  be  crystallized.  At  a 
greater  sp.  gravity  than  1.36,  the  liquor,  hi- 
stead  of  crystallizing,  would,  when  it  cools, 
present  us  with  a  solid  magma,  resembling 
grease.  Urine  is  occadonally  added,  to  bring 
it  down  to  the  proper  dendty. 

Ailer  standing  4  days  the  mother  waters 
are  drained  off,  to  be  pumped  into  the  pans  on 
the  succeeding  day.  The  crystals  of  alum  are 
wadied  in  a  tub,  and  drained.  They  are  then 
put  into  a  lead  pan,  with  as  much  water  as 
will  make  a  saturated  solution  at  the  boiling 
pohit.  Whenever  this  is  effected,  the  solution 
la  nm  off  into  casks.  At  the  end  of  10  or  16 
days,  the  casks  are  unhooped  and  taken  asun- 
der. The  alum  is  found  exteriorly  in  a  solid 
cake,  but  in  the  interior  cavity,  in  large  pyra- 
midal 'crystals,  consistmg  of  octahedrons,  in- 
serted succesuvdy  into  one  another.    Thislast 
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proGm  is  called  lodifaig.  Mr.  Winfter  nyt, 
that  22  tons  of  mariate  of  potash  will  produce 
loo  tons  of  djim,  to  whidi  31  tons  of  the 
hUck  ttshcs  of  the  soap-boiler,  or  73  of  keljs 
•re  equivalent.  Whore  much  iron  eaJsti  m 
the  alum  ore,  the  alkaline  muriate,  by  its 
deoompoKition,  gives  birth  to  an  uncrystal- 
liiaUe  muriate  of  iron.  The  alum  maoufac- 
tuied  io  the  preceding  mode  is  a  sulj^ate  of 
ahmuna  and  potash.  There  is  another 
alum  which  exactly  resembles  it  This  is  a 
sulphate  of  alumina  and  ammonia.  Both 
crystallise  in  regular  octaedrona*  formed  by 
two  four-sided  pyramids  jofaied  base  to  base. 
Alum  has  an  astringent  sweetish  taste.  Its 
sp.  gravity  is  about  1.7  !•  It  reddens  the 
vegeuble  blues.  It  is  soluble  in  16  parts  of 
water  at  60«,  and  in  }ths  of  its  weight  at  21 2«. 
It  effloresces  superficially  on  exposure  to  air, 
but  the  interior  remains  long  undianged.  Its 
water  of  crystallization  is  sufficient  at  a  gentle 
heat  to  fuse  it.  If  the  heat  be  increased  it 
froths  up,  and  loses  fully  46  per  cent,  of  its 
weight  in  water.  The  spongy  residue  is  called 
burnt  or  calcined  alum,  and  is  used  by  siir. 
geons  as  a  mild  esduirotic,  A  violent  heat 
separates  a  great  portion  of  its  add. 

Alum  was  thus  analysed  by  Berzelius :  let, 
80  parts  (grammes)  of  pure  alum  lost  by  the 
heat  of  a  spirit  lamp  9  parts,  whidi  gives  45 
per  cent  of  water.  The  dry  salt  was  mssolved 
in  water,  and  iu  add  piedpitated  by  muriate 
of  liaiytes ;  the  sulplnte  ot  whidi,  obtained 
after  ignition,  weighed  20  parts ;  indicatmg  in 
too  parts  34.3  of  dry  sulphuric  add.  2d,  Ten 
parts  of  alum  were  dussolved  in  water,  and  di- 
gested with  an  excess  of  ammonia.  Alumina, 
.  well  washed  and  bunt,  equivalent  to  10l67 
per  cent  was  obtained,  la  another  ezperi- 
ment,  10.86  per  cent  resulted.  3d,  Ten  parts 
of  alum  dissolved  in  water,  were  digested  with 
carbonate  of  strontites,  till  the  earm  was  com- 
pletely separated.  The  sulphate  of  potash, 
after  ignition,  weighed  1.815,  correspondmg 
to  0.981  potash,  or  in  100  parts  to  9.81. 
Alum,  therefore,  consists  oi 

Sulphuric  add   34.33 

Alumina  10.86 

Potash  0.81 

Water  45.00 


100.00 

or,  Sulphate  of  alumitu 

3&85 

Sulphate 

of  potash 

1&15 

Water 

45.00 

tion,  equal  to  12.54  per  cent  and  the  mtkpiwmke 
of  potash  less,  or  15.7  ^  100  parts. 

Vauqudin,  in  liis  last  analysis,  found  48.58 
water ;  and  by  Thenard's  statement  tiieve  are 
indicated  34i23  dry  add, 
7-14  potash, 
12.54  alumina, 
46.091 


loaoo 

Thenard*s  analysis,  Ann.  de  Chimie,  voL 
59.  or  Nicholson^s  Journal,  vol.  18.  coincides 
perfectly  with  thatof  Bersdius  in  the  product 
of  sulphate  of  barytes.  From  400  pans  of 
alum,  he  obtained  490  of  the  igtdted  barytie 
salt  t  but  the  alumina  was  in  greater  propor- 


loaoo 

If  we  rectify  Vanqudin's 
mate  of  the  sulphate  of  barytes,  his  aaaljns 
will  idso  coincide  with  the  above.  Alum^ 
therefore,  dificrs  from  the  shnple  sulphate  of 
alumina  previously  described,  which  consisted 
of  3  nrime  equivalents  of  sdd  and  2  of  esrth, 
merely  by  its  assumption  of  a  prime  of  sul- 
phate of  potash.  It  is  probaUe  that  all  the 
aluminous  salts  have  a  similar  oonsdtatioD.  It 
is  to  be  observed,  however,  that  the  number 
34^  resultfaig  from  the  theoretic  proportioiM, 
is,  according  to  Gilbert's  remarks  on  the  essay 
of  Bersdius,  the  just  representatkm  of  the 
dry  add  in  100  of  sulphate  of  barytes,  by 
another  analysis,  which  makes  the  prime  of 
barytes  9.57* 

Should  ammonia  be  sospeeted  in  alom,  it 
may  be  detected,  and  its  quantity  estfanated 
by  mixing  quick  lime  with  the  saline  solu- 
tion, and  exposing  the  mixture  to  heat  in  s 
retort,  connected  with  a  Woolfe's  i^pantus. 
The  water  of  ammonia  being  afterwards  satu- 
rated with  sn  add,  and  evaponted  to  a  dry 
salt,  will  indicate  the  quantity  of  pure  ammo* 
nia  in  the  alum.  A  vsriety  of  alum,  oontain- 
ing  bodi  potash  and  ammonia,  may  also  be 
found.  This  will  occur  where  uiine  has  beea 
used,  as  weO  as  muriate  of  potMb,  in  its  fidMri. 
cation.  If  any  of  these  sulphates  of  alu- 
mina and  potash  be  acted  on  in  a  watery  aolu- 
tion,  by  a  geUtinons  alumina,  a  neatrsl  triple 
salt  is  formed,  which  precipitates  in  a  nearly 
insoluble  state. 

When  alum  hi  powder  is  mixed  widi  flour 
or  sugar,  and  caldned,  it  fiinna  the  pyropho- 
rus  01  Homberg. 

Mr.  Winter  flrst  mentioned,  that  another 
variety  of  alum  can  be  made  with  aodo,  in- 
stead of  potash.  This  salt,  which  crystalUaes 
in  octahedrons,  has  been  also  made  with  pure 
muriate  of  soda,  and  bisulphate  of  alumina, 
at  the  kboratory  of  Hurlett,  by  Mr.  W.  WO- 
son.  It  is  extremdy  difficult  to  form,  and  ef- 
floresces ^e  the  sulphate  of  soda. 

On  Uie  subject  of  soda-alum,  I  published  a 
short  paper  in  the  Journal  of  Sdenoe  fhr  July 
1882.  The  fbnn  and  taste  of  diis  aah  are 
exactly  the  same  as  those  of  commote  alum ; 
but  it  is  less  hard,  being  easily  crushed  between 
the  fingers,  to  which  it  imparts  an  appeannoe 
of  moisture.  Its  specific  gravity  is  1 .6.  1 00 
parts  of  water  at  60<»  F.  dissolve  110  of  it; 
forming  a  solution,  whose  sp.  (gravity  is  1.296. 
In  this  respect,  potash-alum  is  very  dtflcmt 
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ItarlOOpMliof  Water dbMlTeonlf  from  8to 
9  parts,  fonniDg  a  Batuxated  fdatioii,  whoia 
^  gr.  ia  BO  won  than  1.0466.  Iti  eonstu 
dints  sfe  by  my  analTais,-* 

Snlphiine  add,  34.00      4  primts,  88.06 
Alnmina,  10.75      3     —      10.89 

Soda,  6.48      I      — >        ^79 

Water,  4a00    S5     _      48.43 

100.23  100.00 

Or  it  eoBoiits  of  3  primes  mlphate  of  alnmina 
+ 1  nlphateofBoda.  Teeachofthefomier, 
b  praocs  of  water  may  be  aisigned,  and  to  the 
latter  10,  as  in  Glauber's  sak. 

The  only  injaiioiis  contamination  of  ainm 
ii  tmlphatf  of  irao.  It  is  detected  hv  fsno- 
prassiate  of  potash.  To  oet  lid  of  itdieaply, 
M .  Tbenaid  leeommended  dlMol^iDg  the  Jum 
ID  boOiBg  water,  and  agitating  the  iolution 
widt  rods  as  it  cools.  The  sslt  is  thos  redneed 
to  a  ine  gnaralar  powder,  whidi  being  washed 
two  or  tline  times  with  cold  water,  anddnined, 
yields  a  pofcetly  pure  alum*  For  a  TSty  ad- 
Tsnfiywii  mode  of  coooentnting  alum  li- 
qnon,  as  wdl  aa  those  of  other  sfiti,  co  the 
gieat  scsle,  see  Etapoaatioit. 

Mr.  PhflHpe  describes  auhe  44h  Tolmneof 
the  Amok  of  Fhalesophy,  N.  8.  a  new  sul* 
phsie  of  alnmina,  wmAk  he  obtahied  by  put- 
ting  moist  alnmina  into  diliite  8uh>hniie  add, 
sad  adfingmoreoccasiooany,  until  it  remained 
in  eseess ;  being  now  filtered,  a  das  dense 
solBtion  was  obtained,  whidi,  when  dropped 
inlo  water,  instantly  let  fall  a  preciphste,  al- 
noit  as  abandant  as  that  from  muriate  of  an- 
tiaany.  It  also  began  to  precipitate  imme- 
daaldy,  even  of  itsd^  though  no  tendency  of 
this  Idnd  was  obseipsd,  as  £ng  as  the  excess 
ef  ahmina  xooained  mixed  with  it.  The  de- 
parition  went  on  for  aevenl  months ;  but  the 
dear  part  was  slways  predpitable  by  water. 
Another  property  of  this  sulphate  of  alumina, 
ii  diat  if  heated  to  160*  or  170»  Fahr.  it  bo- 
eomes  opaipie  and  thidc;  but  upon  coding,  in 
a  fisv  days  it  becomes  dear  agam.  Mr.  PbiU 
lips  oonndcrs  the  number  27  as  representing 
tlie  atom  of  alumina  to  hydmsen  =  1 ;  and 
the  above  salt  aa  oonsisting  of  2  atoms  suU 
phmicadd  =40x2=80  +  21  atoms  alu. 
mina  =27x3  =81;  oronthe  oxygen 
acak  of2x6=:10add-)-  9*376  X  3  = 
16. 125  alnmina. 

Alum  is  used  in  large  quantities  in  many 
BsnnfiKtories.  When  added  to  tallow,  it  ren* 
den  it  harder.  Printers*  ondiions,  and  the 
blocks  used  in  die  cslioo  manufiwtory,  are 
mbbed  withbumed  afann  to  remove  any  greaai^ 
neaa,  wfaidi  migiit  prevent  tlie  ink  or  colour 
lnimatidai»  Wood  sufficiently  soaked  in  a 
sohiiionof  ammdoes  not  easily  take  fire ;  and 
the  same  ia  true  of  V^fet  impregnated  with  it, 
wUeh  ia  fitter  to  keep  gunpowder,  as  it  also 
csBcrades  moistnie.  Paper  impregnated  with 
slum  is  nssAU  in  whitenmgailver,  and  silver- 
ing bass  without  hsat.  ^Jum  ndxed  in  mflk 


hdps  the  separation  of  Its  butter.  If  i 
in  a  very  small  quantity  to  turbid  water, 
in  a  ftw  minutes  it  renders  it  pcrfBctly  lim- 
pid, without  sny  bad  taste  or  quality ;  while 
the  sulphuric  sdd  imparts  to  it  a  very  sennble 
sddity,  and  does  not  precipitate  so  soon,  or  so 
wdl,  the  opanue  earthy  mixtures  that  render 
it  tnibid,  as  I  have  often  tried.  It  is  used  in 
making  pyrophorus,  in  tanning,  and  many 
other  manuiactories,  particularly  in  the  art  of 
dyeing,  in  whidi  it  is  of  the  greatest  and  most 
important  use,  by  deansing  and  opening  the 
pores  on  the  surface  of  the  substance  to  be 
dyed,  rendering  it  fit  for  reodving  the'  colour- 
ing  particlea,  (by  whidi  the  alum  is  generally 
drotnnposed),  and  at  the  same  time  making 
the  colour  fixed.  Crayons  generally  consist  of 
the  earth  of  alum,  findy  powdered,  and  tinged 
for  the  purpose.  In  medidne  it  is  employed 
as  an  astringent 

ALUMINITE.  A  mineral  of  a  snow, 
white  colour,  dull,  opaque,  and  having  a  fine 
earthy  ftacture.  It  has  a  glistening  streak. 
It  is  found  in  kidney-diaped  pieces,  which  are 
soft  to  the  touch,  and  adhere  di|^tly  to  the 
tongue.  8p.  gravity,  1.67. 
It  consists  of  sulphuric  sdd,  10.26 

Alumina,  32.50 

Water,  47.00 

Silica,  lime,  and  oxide  of  iron,         1.25 

100.00 

The  above  alum  ore  is  firand  cfaiefiy  in  the 
slluvial  strata  round  Halle  in  Saxony. 

AM  AI>OU.  It  is  a  variety  of  the  hoktm 
^iarltir,  found  on  old  aah  and  other  trees. 
It  is  boiled  in  water  to  extract  ita  soluble 
parts,  then  dried  and  beat  with  a  mallet  to 
loosen  its  texture.  It  has  now  the  apnear- 
anoe  of  very  spongy  doe-skin  leather,  it  is 
lastly  impregnate  with  a  solution  of  nitre, 
and  dried,  when  it  is  called  spunk,  or  Oerman 
tinder;  a  substance  much  used  on  the  conti- 
nent for  lighting  fires,  either  from  the  collision 
of  ffint  and  sted,  or  firom  the  sudden  oondensa- 
tioo  of  air  in  the  atmospheric  pyrophorus. 

AMALGAM.  This  name  is  applied  to 
the  combinations  of  mercery  with  omer  me- 
tallic substances.    See  Mercukt. 

AMBER  is  a  hard,  britde,  tastdess  sub- 
stance,  sometinies  perfectly  transparent,  but 
moatly  semitransparent  or  opaoue,  and  of  a 
glossy  surface  t  it  is  found  of  all  colours,  but 
diie^  yellow  or  orange,  and  often  contains 
leavee  or  insects ;  its  spedfic  gravity  is  from 
1.066  to  1.100;  its  frscture  is  even,  smooth, 
and  g^sy ;  it  is  capable  of  a  fine  polish,  snd 
beeomes  electric  by  friction ;  when  rubbed  or 
heated,  it  gives  a  peculiar  agreeable  smdl, 
particuUffly  when  it  mdts,  that  is  at  550*  of 
Fafartinhdt,  but  it  then  loses  its  transparency ; 
projected  on  burning  coals,  it  bums  with  a 
whirish  flame,  and  a  whitish-yellow  smoke, 
but  gives  very  little  soot,  and  leaves  browtiish 
ashes;  it  is  insoluble  in  water  and  alcohol. 
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thoQgh  the  latter,  when  highly  nctifled,  ex. 
tracts  a  reddish  colour  from  it ;  but  it  is  soliu 
ble  in  the  sulpbuiic  add,  which  then  acquires 
a  nddiah-purpk  colour,  and  is  precipkahle 
from  it  by  water.  No  other  add  dissolves  it» 
nor  is  it  soluble  in  essential  or  eicpressed  oils, 
without  some  decomposition  and  long  diges* 
tion ;  but  pure  alkali  dissolves  it.  By  distil- 
lation  it  affords  a  small  quantity  of  water,  with 
a  little  acetic  add,  an  oil,  and  a  peculiar 
add.  See  Acii>(SocciKic).  TbeoHrises 
at  first  colourless ;  but,  as  the  heat  increases, 
becomes  brown,  thick,  and  empyreuraatie. 
The  oil  may  be  rectified  by  succesdve  distil, 
lations,  or  it  may  be  obtained  very  light  and 
limpid  at  once,  if  it  be  put  into  a  glass  alem- 
bic with  water,  as  the  elder  Roudle  directs, 
and  distilled  at  a  heat  not  greater  than  212* 
Fahr.  It  requires  to  be  kept  in  stone  bottles, 
however,  to  retain  this  state ;  for  in  glass  ves- 
sels it  becomes  brown  by  the  action  of  light 

Amber  is  met  with  plentifully  in  r^ular 
mines  in  some  parts  of  Prussia.  The  upper 
surface  is  composed  of  sand,  under  which  is  a 
stratum  of  loam,  and  under  this  a  bed  of  wood, 
prtly  entire,  but  chiefly  mouldered  or  changed 
mto  a  bituniinous  snbstance.  Under  the  wood 
is  a  stratum  of  sulphuric  or  rather  aluminous 
mineral,  in  which  the  amber  is  found.  Strong 
sulphurous  exhalations  are  often  perodved  in 
the  pits. 

Detadied  pieces  are  also  found  occuionally 
on  the  sea-coast  m  various  countries.  It  has 
been  found  in  gravd  beds  near  London.  In 
the  Royal  Cabinet  at  Berlin  there  is  a  mass  of 
18  lbs.  weight,  supposed  to  be  the  largest  ever 
found.  Jussieu  asserts,  that  the  deUcate  in- 
socta  in  amber,  which  prove  the  tranquillity  of 
ito  formation,  are  not  European.  M.  Hauy 
has  pointed  out  die  following  distinctions  be- 
tween mellite  and  copal,  the  bodies  which  most 
dosdy  resemble  amber.  Mellite  is  infusible 
by  heat.  A  bit  of  copal  heated  at  the  end  of 
a  knifo  takes  fire,  mdtiog  into  drops,  which 
flatten  as  they  fall ;  whereas  amber  bums  with 
spittmg  and  ftothing ;  and  when  its  liquefied 
paitidiM  drop,  they  rebound  fbom  the  plane 
whidi  reodves  them.  The  origin  of  amber  is 
at  present  involved  in  perfect  obscuritT,  though 
the  rapid  progress  of  vcsetaUe  chemistty  pro- 
mises soon  to  throw  ligfat  on  it.  Various 
frauds  are  practised  with  this  substance.  Neu- 
mann states  as  the  ooounon  practices  of  work- 
men the  two  following :  The  one  consists  in 
surrounding  the  amber  with  sand  in  an  iron 
pot,  and  cementing  it  with  a  gradual  fire  for 
forty  hoars,  some  small  pieces  placed  near  the 
ndes  of  the  vessel  bdng  occsdonally  taken  out 
for  judging  of  the  effect  of  the  operation :  the 
second  mtShody  which  he  says  is  that  most 
generally  practised,  is  by  dimting  and  boil- 
ing the  amber  about  twenty  hours  with  npe^ 
seed  oil,  by  which  it  is  rendered  both  dear  and 
haid. 

Werner  has  divided  it  into  two  sub-spcdcs, 


the  white  and  the  tcIIdw  ;  but  there  is  little 
advantage  in  the  distfaictkxu  Its  ultimate  oon- 
sdtuenta  are  csrbon,  hydrogen,  and  oxygen. 
Although  my  experiments  on  the  ultimate 
analysis  of  amber  were  conducted  carefhllj 
with  re-trituration  and  re-ignition,  no  good 
atomic  configuration  oi  it  occurred  to  me.  It 
yielded  in  100  parts,  70l68 carbon,  11.62  hy- 
drogen,  and  17*77  oxygen ;  or  of  the  elements 
of  water  20  -j-  hydrogen  in  excess  94,  inde- 
pendently  of  the  csrbon.  PMU  Ttohm,  1822. 
In  the  second  volume  of  tiie  Edinboigfa 
Philosophical  Journal,  Dr.  Brewster  has  | ' 
an  account  of  some  optiod  properties  • 
ber,  from  whidi  he  oomiden  it  estol 
beyond  a  doubt  that  amber  is  an  indmvted  ve- 
getable Juice;  and  that  the  traces  of  a  regular 
structure,  indicated  by  itt  action  upon  pola- 
rized light,  are  not  the  eflfect  of  the  oidinaiy 
laws  of  crystallization  by  which  tneilUe  has 
been  formed,  but  are  produced  by  die  same 
causes  which  influence  the  mecfaaniesl  condi. 
tion  of  gum  aiabic,  and  odicr  gums,  iHiidi 
are  known  to  be  fbnned  by  the  successive  de- 
podtkm  and  induration  of  vegetable  fluids. 

Amber  is  also  used  in  varnishes.  See 
Varxish  and  Oil  of  Amber. 

AMBERGRIS  is  found  hi  the  sea,  near 
the  coasts  of  various  tropical  countries ;  and 
has  also  been  taken  out  of  the  intestines  of  the 
physetermacrocephalus,  diespermaced  whale. 
As  it  has  not  been  fbond  in  any  wliales  but 
such  as  are  dead  or  nek,  itt  prodnctlflQ  is 
genersUy  supposed  to  be  owing  to  diseue, 
though  some  tiave  a  little  too  peremptorily 
affinned  it  to  bo  the  cause  of  the  moriiid  afibc- 
tion.  As  no  large  piece  has  ever  been  found 
without  a  greater  or  less  quantity  of  the  beaks 
of  the  sepia  octopodia,  die  common  ibod  of  tiie 
spermaced  whale,  interspersed  throngliout  its 
substance,  there  can  be  little  doubt  of  its  ori. 
ginating  in  the  intesdnes  of  the  whale;  ibr  if 
it  were  occasionally  swallowed  by  it  only,  and 
then  caused  disease,  it  must  much  more  fre- 
quent^ be  found  without  these,  when  it  is  met 
with  floatmg  in  the  sea,  or  thrown  upon  the 
shore. 

Ambergris  is  found  of  various  dies,  gene- 
ally  in  small  fragmenta,  but  sometimes  so 
large  as  to  wdgh  near  two  hundred  pounds. 
When  taken  Aom  the  whale  it  is  not  so  hard 
as  it  becomes  afterward  on  exposure  to  the 
air.  Its  specific  gravity  rsnges  fhim  780  to 
926.  Ifgoiod,  it  adheres  like  wax  to  die  edge 
of  a  knife  with  which  it  is  scraped,  retains  the 
impresnon  of  the  teeth  or  nails,  and  emtto  a 
&t  odoriferous  liquid  on  bdng  penetrated  with 
a  hot  needle.  It  is  generally  brittle ;  but,  on 
rubbing  it  with  the  nail,  it  becomes  smooth 
like  hud  soap.  Ito  odour  is  dther  white, 
black,  ash-coloured,  ydlow,  or  blackish «  or 
it  is  variegated,  namely,  grey  with  Uadc 
specks,  or  grey  with  ydlow  spens.  Its  smell 
is  peculiar,  and  not  easy  to  bo  counleiftited. 
At  144»  it  mdts,  and  at  212*is  voladlissd  in 
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the  fimn  of  a  white  vapour.  But,  oo  a  nd* 
hot  coal,  it  bonis,  and  is  endiely  dissipated. 
Water  has  oo  action  on  it;  acids,  excq>t 
nitric,  act  laebly  on  it ;  alkaUs  combine  with 
it,  mad  Sam  a  soap$  ether  and  the  volatile 
eUs  diswdve  it ;  so  do  the  €xed  oils,  and  alae 
ammonia/when  aaaistod  by  heat ;  alcohol  difr> 
Hives  a  postion  of  it,  and  is  of  great  use  in 
analyxing  it,  by  separating  its  constituent 
parts.  Aeoording  to  Boaillon  Is  Orange,  wlio 
liss  ^fcn  the  latest  analysts  of  it,  3820  parts 
cfambogria  consist  of  adipoeere  2016  parts, 
a  reainoos  substance  1167i  benaoic  add  425, 
and  ooal  212.  But  Bucholz  could  find  no 
bcoflnc  add  in  it.  I  examined  two  different 
spedmens  with  considerable  attention.  The 
one  yidded  benaoic  add,  the  other,  equally 
geooiae  to  aU  appearance,  affinded  none.  See 
Aditocerk  and  Intestikal  Cokcks- 

TIOW. 

An  akohdlic  solution  of  ambergris,  added 
in  mionte  qaantity  to  lavender  water,  tooth 
powder,  hair  powder,  wash  balk,  &c.  com- 
moniestes  its  peculiar  fragrance.  Its  retail 
price  being  in  JLondon  so  high  as  a  guinea  per 
OS.  leads  to  many  a^lulterations.  These  con- 
sist of  various  mixtures  of  benzoin,  labdanum, 
meal,  &c.  scented  with  musk.  The  greasy 
sppeannoe  and  smell  which  heated  ambergris 
exhibits,  afibrd  good  eriteria^  joined  to  its 
solability  in  hot  ether  and  akohol. 

It  has  occasionally  been  employed  in  me- 
diiae,  but  its  use  is  now  confined  to  the 
Dr.  fiwediaur  took  Uiirty  grains 


of  it  without  perceiving  any  sensible  efiScL 
AMBLYGONITK.    a  greenish-coloured 


of  diffisreDt  pale  shades,  marked  on 
the  smfine  with  reddish  and  yellowish-brown 
spots.  It  occurs  massive  and  crystallised  in 
oUique  four-aided  prisms.  Lustre  vitreous ; 
deainige  parallel  with  the  sides  of  an  oblique 
fonr-saded  prism  of  10e»  l<K  and  71^  6(K; 
ftaetnre  uneven ;  fragments  rhomboidal ;  trans- 
benit ;  hardness,  as  felspar ;  brittle ;  sp.  gr. 
3L0.  Iniumesces  with  the  blowpipe,  and  fuses 
widi  a  reddish-yeUow  phasphoresccnce  into  a 
white  enamd.  It  occurs  in  granite,  along 
with  green  topaz  and  tourmaline,  near  Pinig 
in  Snooy.  It  seems  to  be  a  species  of 
tpodnmene. 

AMBREINE.  By  digesting  ambergris  in 
hot  aloohol,  sp.  gr.  0.827*  the  peeoliar  sub- 
stance caDed  ambreine  by  Pellstier  and  Ca- 
venton  is  obtained.  The  aloohd,  on  cooling, 
deposits  the  ambreine  hi  very  balky  and 
irregular  crystals,  which  still  retain  a  very 
eoBsideniUe  portion  of  aloohoL  Thus  ob- 
tained, it  has  the  foUowing  properties :  It  is 
of  a  brilliant  white  colour,  has  an  agreeable 
odour,  of  which  it  is  deprived  by  rep»ted 
sohitioas  and  crystallisations.  It  is  destitute 
of  taste,  Mid  does  not  act  on  vegetable  blues. 
It  is  insolttble  in  water,  but  disrolves  readily 
insloohol  and  ether;  and  in  much  greater 
qaantity  in  these  liquids,  when   liot,   than 


when  cold.  Itmdtsat  the  temperetureofS^*, 
softening  at  770.  It  is  partly  volatili2ed  and 
decompMcd  into  a  white  smoke  when  heated 
above  212<>.  It  does  not  seem  capable  of 
combining  with  an  alkali,  or  of  being  saponi- 
fied. When  heated  with  nitric  acid,  ic  becomes 
green  and  then  yeOow,  while  nitrous  gas  is  / 
exhaled.  By  this  absorption  of  oxygen,  it  is  « 
converted  into  an  add,  which  has  been  called  ' 
omhnie  add.  This  acid  b  yellowish  white, 
has  a  peculiar  smell,  reddens  vegetable  blues, 
does  not  mdtat  212»,  and  evolves  no  ammonia 
when  decomposed  at  higher  temperatures.  1 1 
is  soluble  in  alcohol  and  ether ;  but  sli^tly 
so  in  water.  Ambreate  of  potash  gives  yellow 
predpitates  with  muriate  of  lime,  muriate  of 
barytes,  sulphate  of  copper,  sulphate  of  iron, 
nitrate  of  silver,  acetate  of  lead,  coirouve 
■ubUmate,  muriate  of  tin,  and  muriate  of 
gold.    Jaum,  ie  Pharm.  v.  49. 

AMETHYST.  The  amethyst  is  a  gem 
of  a  violet  colour,  and  great  brilliancy,  said 
to  be  as  hard  as  the  ruby  or  sapphire,  from 
which  it  only  differs  in  colour.  This  is  called 
the  oriental  amethyst,  and  is  very  rare.  When 
it  indines  to  the  purple  or  rosy  colour,  it  is 
more  esteemed  than  when  it  is  nesrer  to  the 
blue.  These  amethysts  have  the  same  figure, 
hardness,  specific  gravity,  and  other  qualities, 
as  the  best  sapphires  or  rubies,  and  come  firom 
the  same  places,  particularly  from  Persiii, 
Arabia,  Armenia,  and  the  West  Indies.  The 
occidental  amethysts  are  merdy  coloured  crys- 
tad  or  quarts.  8ee  Quabtz  and  Sapphire. 

AMIANTilOIDE.  A  mmeral,  in  long 
capillary  filaments,  of  an  olive  green  odour, 
flexiUe  and  dastic  Lustre,  brilliant  silky. 
It  is  composed  of  silica  47 ;  lime  1 1 ;  mag. 
nesia  7 ;  oxide  of  iron  20 ;  manganese  10. 
FauqueHn.  It  is  found  at  Oisans  in  France. 
FhiUip*'*  Minerahgy, 

AMIANTHUS,     mountain     flax.      Sec 

ASBESTUS. 

AMIATITE.     FiouTE,    or    Peabl- 

SINTEB. 

AMIDINE.  This  is  a  suhstanoe produced, 
according  to  M.  de  Saussure,  when  we  aban- 
don the  paste  of  starch  to  itsdf,  at  the  ordinary 
tempenture,  with  or  without  the  contact  of 
air.    See  Stakch. 

AMMONIA,  caUed  also  voktHe  alkali. 
We  shall  first  consider  this  substance  in  its 
purdy  sdeotific  relatkins,  and  then  detail  its 
manufacture  on  the  great  scale,  and  its  uses  in 
the  arts.  There  is  a  sslioe  body,  formerly 
brought  from  Egypt,  where  it  was  separated 
from  soot  bv  sublimation,  but  which  is  now 
made  abundantly  in  Europe,  called  sal  am- 
moniac. From  this  salt  pure  ammonia  can 
be  readily  obtained  by  the  fallowing  process : 
Mix  unslaked  quicklime  with  its  own  wdght 
of  sal  ammoniac,  each  in  fine  powder,  and 
introduce  them  into  a  glass  retort.  Join  to 
the  beok  of  the  retort,  by  a  collar  of  caoutchouc, 
(a  neck  of  an  India  rubber  bottle  answers 
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weil)«  a  gkuH  tube  about  18  indies  kmg,  ooli« 
taining  pieces  of  ignited  muriate  of  lime.  Tliis 
tube  should  lie  in  a  horisontid  position,  and 
its  free  end,  previously  bent  obliquely  by  the 
blowpipe,  stiould  dip  into  diy  mereufy  in  a 
pneumatic  trough.  A  slip  or  porous  paper, 
as  an  additional  precaution,  may  be  tied  round 
the  tube,  and  kept  moist  with  ether.  If  a 
gentle  heat  from  a  charcoal  diauffer  or  lamp 
be  now  applied  to  the  bottom  of  the  retort,  a 
gaseous  body  will  bubble  up  through  the 
mercury.  Fill  a  little  glass  tube,  sealed  at  one 
end,  with  the  gas,  and  Ixansfier  it,  closely 
stopped  at  the  other  end,  into  a  basui  contain* 
ing  water.  If  the  water  rise  instantly  and  fill 
the  whole  tube,  the  gas  is  pure,  and  may  be 
received  for  examination. 

Ammonia  is  a  transparent,  colourless,  and 
consequently  invisible  gas,  possessed  of  eU»* 
ticity,  end  the  o^er  mechanical  properties  of 
the  abnospherical  air.  Its  spediic  gmvity  is 
an  important  daftun  in  diemical  researches 
and  has  been  rather  differently  stated.  Yet, 
as  no  aeriform  body  is  more  easUy  obtained 
in  a  pure  state  than  ammonia,  this  diversity 
among  accurate  experimentaUsta,  shows  the 
nicety  of  this  statical  operation.  MAI.  Blot 
and  Arsgo  make  it  =  0.59669  by  experiment, 
and  by  calculation  from  its  elementsry  gases, 
they  make  it  =  0.69438.  Kirwan  says,  that 
100  cubic  inches  weigh  18.16  gr.  at  30  inches 
of  bar.  and  6lo  F.  which  compared  to  air 
reckoned  30.519,  gives  0.59540.  Sir  H.  Davy 
determines  its  density  to  be  =  0.590,  with 
which  estimate  the  theoretic  cslculations  of 
Br.  Prout,  in  the  6th  volume  of  the  Annals 
of  Philosophy,  agree. 

This  gas  has  an  exceedingly.pungent  smell, 
well  known  by  the  old  name  of  spirits  of 
hartahom.  An  animal  plunged  into  it  speedily 
dies.    It  extinguishes  combustion,  but  being 


itself  to  a  ctftlahi  degrae  oombtutible,  tte 
flame  of  a  taper  immersed  hi  it,  is  enlarged 
before  going  out.  By  exposing  this  gas  to  a 
very  low  tempetatuxe  M*  Bussy  succeeded  In 
liquifying  it.  See  Acid  (Sulfhukoub)* 
It  has  a  veryacrid  taste.  Water  condenses  it 
very  rapidly.  The  following  valraUe  tabW 
of  its  aqueous  combinations  haB  been  given  by 
Sir  U.  Davy. 


Sp»  Gr. 

Ammonia, 

Water. 

08750 

32.50 

67.50 

0.8875 

29.25 

70.75 

0.9000 

26.00 

74.00 

0.9054 

25.37 

74.63 

0.9166 

22.07 

77.93 

0.9255 

19.54 

80.46 

0.9326 

17.52 

82.48 

0.9385 

15.88 

84.12 

0.9435 

14.53 

85.47 

a9476 

13.46 

86.54 

0.9513 

1240 

87.60 

0.9545 

11.56 

88.44 

0.9573 

10.82 

89.18 

0.9597 

10.17 

89.83 

0.9619 

9.60 

90.40 

0.9692 

9.50 

90,50 

Water  is  capable  of  dissolving  easUy  about 
one- third  of  its  weight  of  ammoniacal  gas,  or 
460  times  its  bulk.  Hence,  when  placed  in 
•ootact  with  a  tube  filled  with  thia  gas,  water 
rushes  into  it  with  explosive  velocity.  Pnw 
bably  the  quantity  of  amn^^nia  steted  in  the 
above  table  is  too  high  by  shout  one  per  cent. 

The  following  table  of  the  quantity  of  am* 
moaia  in  100  parts,  by  weight,  of  its  aqneooa 
combinations  at  suooosive  dendties,  wis  pab. 
lished  by  me  in  the  Pliilosophical  M agsaine 
for  Maxch  1821. 


Water 

of 
0.900. 


100 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 


Ammo- 
nia in 
100. 


2ft500 

25.175 

23.850 

22.625 

21.200 

19.875 

ia550 

17225 

15.900 

14.675 

13.250 

11.925 

10.600 

9.275 

7.960 

6.625 

5.300 

3.975 

2.650 

1.325 


Water 
in 

loa. 


73.500 

74.825 

76.150 

77.475 

78.800 

80.125 

81.450 

82.775.0. 

84.100 

85.425 

8^750 

8a075 

89.400 

90.725 

92.050 

93.375 

94.700 

9&025 

97.350 


iyp.gr, 
by  expe- 
riment 


0.9000 
0.9046 
0.9090 
0.9133 
0.9177 
0.9227 
0.9275 
1.9320 
0-9363 
0.9410 
0.9455 
0.9510 
0.9564 
0.9614 
0.9662 


specific 
gravity. 


Equivalent  primes. 


0.90452 
0.90909 
0.91370 
0.91838 
0.92308 
0.92780 
0.93264 
0.93760 
0.94241 
0.94737 
0.95238 
0.95744 
0.96256 
0.96774 


21.25  +  78.76,     7  to  1 


0.9716{0.97297 


0.9768 
0.9828 
0.9887 


9a676)a0945ie.99447 


0.97826 
a98360 
0.9890 


24+76, 


wat  amm. 
6tol 


19.1+80.9, 
17.35  +  82.66, 
16.9+84.1 
14.66  +  86.34, 
13.60  +  86.40, 
11.9  +  88.1, 
11.2  +  88,8, 

a63+ 91.37, 

7  +  93, 
6  +  94, 
4.5+96.5 
8+»7, 


8tol 

9tol 

lOtol 

11  tol 

12tol 

14  tol 

15  to  I 

20  tol 
25t^l 
30  tol 
40  to  1 
GO  tol 
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TW  icmttkable  expaofllranB  which  am^ 
moniB  eanies  into  its  fint  condeiiMtian  with 
wwba,  cootiniies  in  the  lobeequeDt  dilutions 
flf  its  aqaeoos  oombinatioDs.  Tliis  curious 
{Boperty  is  not  peculiar  to  pure  ammonia.,  but 
bdoogs,  as  I  have  found,  to  some  of  its  aalls. 
Thus  isl  snunoninc*  by  its  union  with  water, 
eaoaes  sn  enlargemeot  of  the  total  volume  of 
the  oomponnd,  b^ond  the  volume  of  the  con- 
atitucnts  of  the  solution.  Or  the  specific  grs- 
vitj  of  the  ssftiTatfd  sdution  is  less  than  the 
UMan  ipw  gmvi^of  thesaltaod  wster.  I  know 
of  no  nils  with  which  this  phenomenon  occuzsy 
except  the  annnoniacsL 

Hear  die  two  eztzemities  of  the  table,  the 
experimental  and  computed  specific  gravities 
agree;  the  reetprocsl  affinity  thus  balancing 
die  peculiar  expansiveneu  communicated  by 
the  Mimwnia,  which  becomes  conspicuous  in 
the  intennediate  proportions  of  water  and  gas. 
This  fact  is  m  unison  with  the  genual  laws  of 
rhrmital  oombioation. 

Since  73-5  gmins  of  distilled  water  exist  in 
100  water  of  ammonia,  specific  gravity  0.900, 
vhich  occupy  the  volume  of  1.111,  one  part 
of  water  in  bulk  will  be  converted  into  almost 
exactly  one  and  a  half  of  such  water  of  am- 
moBtt.  100  grains  of.thts  water  contain  147.2 
enbie  inches  of  gas.  Hence  1  grain  of  water 
holds  eondcnsed  in  such  aqueous  ammonia  3 
cabtc  indies  of  the  gas,  or  one  volume  ot  dis- 
tilled water  is  united  to  505  volumes  of  gss. 

It  is  a  remarkable  coincidence,  that  one 
vofame  of  water,  when  converted  into  aqueous 
moristic  acid»  spedfie,  gravity  1.200,  or  mto 
aqsesos  ammonia,  sp.  grav.  0.900,  expands  in 
ciikcr  ease  into  a  volume  and  a  hal£ 

If  fiom  998  we  deduct  the  specific  gravi^ 
of  water  of  ammonia,  expressed  in  thxee  in. 
tegeis,  the  remainder,  divided  by  4,  will  give 
a  quotient  repiGsenting  the  quantity  of  real 
a&aii  present.  This  role  is  exact  for  all  such 
fiqaid  amrnonia  as  Is  commonly  used  in  che- 
QBcal  reacBrcfaes  and  ia  medidne,  viz.  be- 
tveea  wa.  gravities  936  snd  980,  water  being 
1000. 

liquid  ammonia,  as  the  aqueous  compound, 
is  tenocd,  may  thoefine  like  spirits  be  very 
BCCBBidy  valued  by  its  specific  gravity.  But 
it  differs  remarkably  from  alcoholic  mixtures 
is  this  re^tect,  that  the  strongest  ammoniacal 
fiqaor,  when  it  ia  diluted  with  water,  suffers 


Sale  eondensation  of  volume.  The  specific 
gtmty  of  the  dilute,  is  not  far  from  that  of  its 
csuipuucuia.  Hence  having  one  point  accu- 
■skfy,  we  can  oompateall  bdow  it,  by  pajring 
sttemioii  to  the  nile  given  under  Specific 
GsariTT.  To  procure  aqueous  ammonia, 
aemay  use  cither  a  commoD  still  and  rdrl. 
^aaioty  or  a  Woolfe*s  apparatus.  The  latter 
dioald  be  pfcfttred.  Into  a  retort  we  put  a 
aiixtBre  of  two  ports  of  slaked  lime,  snd  one 
pit  of  pulverized  sal  anmuMiiac,  and  having 
oonected  the  besk  of  the  retort  with  the 
Wooife's  apparatus,  containing  pure  water, 


we  then  disengage  the  ammoiiia,  by  the  appli^ 
cation  of  heat.  When  aas  ceases  to  beev<dve4, 
the  additionof  a  little  hot  water  will  renew  its 
disengagement,  and  ensure  complete  decom^ 
position  of  the  salt.  Since  sal  ammoniac  con- 
tains neariy  4  its  weight  of  ammonia,  ten 
pounds  of  it  should  yield  by  economical  treat- 
ment 30  pounds  of  liquid,  whose  spedfic  gra- 
vity is  0.960,  which  is  as  strong  as  the  ordi^ 
nsj^  purposes  of  diemistry  and  medidne  le- 
quire ;  and  it  will  form  twice  that  quantity,  or 
60  pounds  of  the  cmnmon  water  of  amm<niia 
sold  by  apoAecaiies,  which  has  rarely  a  sooaller 
densi^  than  a978  or  0.900.  Then  is  no 
temptation  to  make  it  with  the  ammnniacal 
carboiuite ;  but  if  this  salt  be  accidentally  pre- 
sent, it  is  instantly  detected  by  ita  causing  a 
miUdness  in  lime  water. 

Ammoniacal  gaa,  perfectly  dry  when  mixed 
with  oxygen,  explodes  with  the  dectric  spark, 
and  is  converted  into  water  and  nitrqgen,  as 
has  been  shown  in  an  ingenious  paper  by  Dr. 
Henry.  But  the  simplest,  and  perhaps  most 
accurate  mode  of  resolving  ammonia  into  its 
elementsiy  constituents,  is  that  first  practised 
by  M.  Bttthollet,  the  celebrated  disoovcier  of 
its  compositkiQ.  This  consists  in  making  the 
pure  gas  traverse  very  slowly  an  ignited  por* 
oeUin  tube  of  a  small  diameter.  The  process, 
as  latdy  repeated  by  M.  Gay  Lusaac,  yielded 
from  100  cubic  inches  of  ammonia,  200  cubic 
inches  of  constituent  gases ;  of  which,  by  sub. 
sequent  analysis,  50  were  found  to  be  nitnK 
gen,  and  IfiO  hydrogen.  Hence  we  see,  that 
the  redprocal  affinity  of  the  ammoniacal  ele- 
ments had  efiected  a  condensation  equal  to  one- 
half  of  the  volume  of  the  f^  gases.  It  ap^ 
pean  by  the  most  recent  determinations,  that 
the  specific  gravity  of  hydrogen  is  0.0694, 
compared  to  air  as  unity,  and  that  of  nitro- 
gen 0.9722.  Three  volumes  of  tlie  former 
will  therefore  weigh  a2082,  and  one  of  the 
latter,  0-9722;  the  sum  of  which  numbers, 
1.1804,  divided  by  2,  ought  to  coindde  with 
the  experimental  density  of  ammonia.  Now, 
it  is  0.5902,  being  an  exact  coire^xudence. 
And  the  ratio  of  the  two  weights,  reduced  to 
100  parts,  will  be  82.36  nitrogen  to  17.64 
hydn^^.  To  reduce  ammonia  to  the  system 
of  equivalents,  or  to  find  its  saturating  ratio 
on  that  scale  where  oxygen  represents  unity, 
we  have  this  proportion  ;  9722  :  1.75  :  : 
1.1804  :  2.125;  so  that  2.125  may  be  called 
its  prime  eouivalenL  We  shall  find  this  num. 
her  deduced  from  analysis,  confirmed  by  the 
synthesis  of  all  the  anunoniacal  salts. 

Dr.  Prout,  in  an  able  memoir  on  the  rela- 
tion between  the  specific  gravities  of  gaseo^is 
bodies,  and  the  waghts  of  their  atoms,  pub- 
lished m  the  6th  voL  of  the  Annals  of  Philo- 
sophy,  Doakes  the  theoretical  wdghtof  the  atom 
of  axnmonia  to  be  only  1.9375,  considering  it 
as  a  compound  of  1  atom  of  azote,  and  l^ 
atoms  of  hydrogen.  This  statement  appears 
to  be  a  Ici^cal  inference  from  Mr.  Dalton's 
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hypothesis  of  atomical  oombiDatian.  For 
water,  the  great  gmundwork  of  his  atomic 
stractore,  is  represented  as  a  compound  of 
^ne  atom  of  oxygen  with  one  atom  of  hydro- 
gen ;  and  this  atomical  miit  of  hydrogen  con. 
sists  of  two  volumes  of  the  gas.  Hence  three 
▼olumes  of  the  gas  must  represent  an  atom 
and  a  half.  But  an  atom  is,  hy  its  very  de- 
finition,  hidivisible.  Dr.  Prout,  in  the  38th 
number  of  the  Annals,  restores  the  true  pro- 
portions of  3  atoms  hydrogen  -\- 1  aaote.  Our 
doctnne  of  equivalent  primes,  resting  on  the 
basis  of  experimental  induction,  claims  no 
knowledge  of  the  atomical  constitution  of 
bodies. 

The  alkaline  nature  of  ammonia  is  demon- 
strated, not  only  by  its  neutralizing  acidity, 
and  changing  the  vegetable  reds  to  purple  or 
green,  but  tSao  by  its  being  attracted  to  the 
negative  pole  of  a  voltaic  arrangement.  When 
a  pretty  strong  electric  power  la  applied  to  am- 
monia in  its  liquid  or  solid  oombinationB,  sim- 
ple decomposition  is  effected ;  but  in  contact 
with  mercury,  very  mysterious  phenomena  oc- 
cur. If  a  globule  of  mercury  be  surrounded 
with  a  little  water  of  ammonia,  or  placed  in  a 
little  cavity  in  a  piece  of  sal  ammoniac,  and 
then  subjected  to  the  voltaic  power  by  two 
wires,  the  negative  touching  the  mercury,  and 
the  positive  the  ammoniacal  compound,  the 
globule  is  instantly  covered  with  a  circulating 
iilm,  a  white  smoke  rises  from  it,  and  its 
volume  enlarges,  whilst  it  shoots  out  ramifica- 
tions of  a  semi-solid  consistence  over  the  salt; 
The  amalgam  has  the  consistence  of  soft  but- 
ter, and  may  be  cut  with  a  knife.  Whenever 
the  electrization  is  suspended,  the  crab-like 
,  fibres  retract  towards  the  central  mass,  which 
soon,  by  the  constant  formadon  of  white  saline 
films,  resumes  its  pristine  globular  shape  and 
size.  The  enlargement  of  volume  seems  to 
amount  occasioniJly  to  ten  times  Uiat  of  the 
merauy,  when  a  small  globule  is  employed. 
Sir  H.  Davy,  Berzelius,  and  MM.  Gay  Lus- 
sac,  and  Thenaid,  have  studied  this  singular 
phenomenon  with  great  care.  They  produced 
the  very  same  substance  by  putting  an  amal- 
gam of  mercury  and  potassium  into  the  moist- 
ened cupel  of  sal  ammoniac  It  becomes  five 
or  six  times  larger,  assumes  the  consistence  of 
butter,  whilst  it  retains  its  metallic  lustre. 

What  takes  place  in  these  experiments  ?  In 
the  second  case,  the  substance  of  metallic  aspect 
which  we  obtain  is  an  ammoniacal  bydrurct 
of  mercury  and  potassium.  There  is  formed, 
besides,  muriate  of  potash.  Ck>nsequent]y  a 
portion  of  the  potassium  of  the  amdgam  de- 
composes  the  water,  becomes  potash,  which 
itself  decomposes  the  muriate  of  ammonia. 
Thence  result  hydrogen  and  ammonia,  which, 
in  the  nascent  state,  unite  to  the  undcoomposed 
amalgam.  In  the  first  experiment,  the  sub- 
stance which,  as  in  the  second,  presents  the 
metallic  aspect,  is  only  an  ammoniacal  hy- 
druret  of  mercury ;  its  formation  is  accompa- 


nied by  the  perceptible  evolutloa  of  a  certain 
quantity  of  chlorine  at  the  positive  pole.  It 
is  obvious,  therefore,  that  tne  salt  is  decom- 
posed by  the  dedzicity.  The  hydrogen  of 
the  lanriatic  add,  and  the  ammonia,  both 
combine  with  the  mercury.  These  hydmreta 
possess  the  following  properties  :— 

Thehr  sp.  gravity  is  in  genenl  bdow  3.0  ; 
exposed  for  some  time  to  the  temperature  of 
S29  F.  they  assume  considerable  hardness, 
and  crystalUze  in  cubes,  which  aie  often  as 
beautiftil  and  large  as  those  of  bismuth. 
Ether  and  alcohol  histantly  destroy  these 
amalgams,  excitine  a  brisk  effervescence  with 
them,  and  reprodudng  the  pure  mercurial 
globule.  These  amalgams  are  slightly  per- 
manent  in  the  air,  if  undisturbed;  but  the 
least  agitation  is  fatal  to  their  existence.  MM. 
Gay  Lussac  and  Thenud  found,  by  immer- 
sion in  water,  that  mercury,  in  passing  to  the 
state  of  a  hydruret,  absorbed  3^  times  its 
volume  of  hydrogen.  The  ammoniacal  by- 
druret  of  mercury  and  potassium  may  exist 
by  itself;  but  as  soon  as  we  attempt  to  sepa- 
rate or  oxidize  the  potassium,  its  other  consti- 
tuent principles  uso  separate.  Hence  this 
hydruret  is  speedily  decomposed  by  the  air, 
by  oxygen  gals,  and  in  general  by  all  bodies 
tliat  act  upon  potassium.  It  is  even  affected 
by  mercury,  so  that  in  treating  it  with  this 
metal,  we  may  easily  determine  the  islative 
quantity  of  ammonia  and  hydrogen  which  it 
contains.  We  need  only  for  Uiis  purpose 
take  up  the  interior  parts  of  the  hydruret  with 
a  little  iron  spoon,  nH  up  with  it  a  little  glass 
tube,  already  neariy  full  of  mercury ;  and 
closing  this  with  a  very  dry  stopper,  invert  it 
in  mercury  equally  dry.  The  hydruret  will 
rise  to  the  upper  part  of  the  tube,  will  be  de- 
composed,  especially  by  a  slight  agitation,  and 
will  give  out  hydrogen  and  ammonia  in  the 
rado  of  1  to  2.5. 

The  mere  ammoniacal  hydrurets  contain 
but  a  very  small  quantity  of  hydrogen  and 
ammonia.  By  supposing  that,  in  the  amnKi- 
niacal  hydruret  of  mercury,  the  hydrogen  is 
to  the  ammonia  in  the  same  proportion  as  in 
the  ammoniacal  hydruret  of  mocury  and  pot- 
assium*, it  will  appear  that  the  first  is  formed, 
in  volume,  of  I  of  mercury,  3.47  hydrogen, 
and  8.67  ammoniacal  gas,  at  the  mean  pres- 
sure and  temperature  of  30.  and  60^ ;  or  in 
freight,  of  about  1800  parts  of  mercury,  with 
1  part  of  hydrogen,  ana  1  of  ammonhk 

Ammonia  is  not  affected  by  a  cherry-red 
heat  According  to  Guyton  de  Morveau,  it 
becomes  a  liquid  at  about  40«->0>»,  or  at 
the  freezing  point  of  mercury  ;  but  it  is  un- 
certain whether  the  appearances  he  observed 
may  not  have  been  owing  to  hygrometric 
water,  as  happens  with  chlorine  gas.  The 
ammoniacal  liquid  loses  its  pungent  smell  as 
its  temperature  sinks,  till  at  ~£0»  it  gelati- 
nizes, if  suddenly  cooled ;  but  if  slowly  cooled, 
it  crystallizes. 
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Ozyg^  by  meuis  of  doctricity,  or  a  mere 
nd  heat,  renlves  ammoma  into  water  and 
nitrogen.  When  there  is  a  considerable  ex- 
oess  of  oxygen,  it  addifies  a  portion  of  the 
Bitiogen  into  nitrous  acid,  whence  many  faUa- 
des  in  analysis  have  arisen.  Chlorine  and 
annmnia  ezerdse  so  powerful  an  action  on 
each  other,  that  when  mixed  suddenly,  a  sheet 
of  wlute  flame  pervades  them.  The  simplest 
way  of  making  this  fine  experiment,  is  to  in- 
vert a  matass,  with  a  wide  mouth  and  conical 
nedc,  over  ancMher  with  a  taper  neck,  contain- 
i;^  a  mixture  cH  sal  ammoniac  and  lime, 
hated  by  a  lamp.  As  soon  as  the  upper  vea. 
ad  aecms  to  be  mil  of  ammonia,  by  the  over- 
Bow  of  the  pangent  gas,  it  is  to  be  cautiously 
lifted  up,  and  inserted,  in  a  perpendicular  di> 
rection,  into  a  wide-mouthed  glass  decanter  or 
iask,  fSkA  with  dilorine.  On  seizing  the  two 
veaads  thus  ioioed  with  die  two  hands  covered 
widi  g^es,  and  suddenly  inverting  diem,  like 
a  wmd-glafs,  the  heavy  chlorine  and  light 
ammoaia,  rashing  in  opposite  directions,  unite 
TCth  the  evolation  of  flame.  Aa  one  volttrae 
of  aamMQia  cootaina,  in  a  condensed  state, 
see  and  a  half  of  hydrogen,  which  requires 
for  its  falnration  just  one  and  a  half  of  chlo. 
lioe,  dik  quantity  should  resolve  the  mixture 
ima  murialie  add  and  nitrogen,  and  thereby 
pn  a  icadj  analysis  of  the  alkaline  oas.  If 
the  yroportam  of  chlorine  be  less,  aalammo- 
oiac  and  nitrogen  are  the  results.  The  same 
tUDg  happena  on  mixing  the  aqueous  solu* 
tioos  of  ammonia  and  chlorine.  But  if  large 
bobbles  of  chlorine  be  let  np  in  ammoniacal 
valcr  of  moderate  strength,  luminous  streaks 
sie  seen  in  the  dark  to  pervade  the  liquid, 
sad  die  same  reciprocal  change  of  the  ingre- 
dintii  is  effected. 

M31.  Gay  Lussac  and  Thenard  state  that 
whm  diroe  parts  of  ammoniacal  gas  and  one  of 
chlorine  are  mixed  together,  they  condense 
ioto  sal  ammoniac,  and  azote  equal  to  1-lOth 
the  whole  volume  is  glvea  out.  This  result 
is  St  variance  with  thehr  own  theory  of  volumes. 

Three  of  ammoniacal  gas  consist  of  4^  hy- 
drogen, and  1^  nitrogen  in  a  condensed  state ; 
1  of  chknne  seiases  1  of  hydrogen,  to  form  2 
of  cturiadc  add  gas,  which  precipitate  with  2 
cf  ammoDia,  in  a  pulverulent  muriate.  But 
the  third  volume  of  ammonia  had  parted  with 
1  volume  of  ita  hydrogen  to  the  chlorine,  and 
nodicr  half-volume  of  hydrogen  will  unite 
viih  0.166  of  a  volume  of  nitrogen,  to  form 

0jG6 

~-  =  0.33  ofredundantammonia,  while  0.33 

of  a  folume  of  nitrogen  is  left  unemployed. 
Heaee  2.3ds  of  a  volume,  or  1.6di  of  the  ori- 
CBsl  bulk  of  the  mixed  gases,  ought  to  remain ; 
Ottisting  oi  equal  parts  of  ammonia  and  ni- 
'  inigen,  instead  of  I -10th  of  azote,  as  the  French 
«bnnj«f  atate. 
Iodine  baf  an  aiuJogoos  action  on  ammo- 


nia ;  seizing  a  portion  of  its  hydrogen  to  ihnn 
hydriodic  add,  whence  hydriodate  oif  ammonia 
results ;  while  another  portion  of  iodine  unites 
with  the  liberated  nitrogen,  to  form  the  explo- 
sive pulverulent  iodide. 

Cyanogen  and  ammoniaoJ  gaa  begin  to  act 
upon  eac£  other  wlienever  they  come  into  con- 
tact, but  some  hours  are  requisite  to  render  the 
effect  complete.  They  unite  in  the  praportioii 
nearly  of  1  to  1^  forming  a  compound  which 
sives  a  dark  orange  brown  oohmr  to  watery  but 
dissolves  in  only  a  very  small  quantity  of  water. 
The  soludon  does  not  produce  pruasian  blue 
with  the  salts  of  iron. 

By  transmitting  ammoniacal  ^  through 
charcoal  isnited  in  a  tubci  prussic  or  hydro- 
cyanic add  is  formed. 

The  action  of  the  alkaline  metals  on  gase- 
ous ammonia  is  very  curious.  When  potas- 
sium is  fused  in  that  gas,  a  very  fusible  olive- 
green  substance,  consisting  of  potassium, 
nitrogen,  and  ammonia,  is  formed;  and  a 
volume  of  hydrogen  remains,  exacdy  equal  to 
what  would  result  from  the  action  on  water  of 
the  quandty  of  potassium  employed.  Hence, 
according  to  M.  Thenard,  the  ammonia  is 
divided  mto  two  portions.  One  is  decomposed, 
so  that  its  nitrogen  combines  with  the  potas- 
sium, and  its  hydrogen  remains  free,  whilst 
the  odier  is  absorbed  in  whole  or  in  part  by 
the  nitroguret  of  potassium.  Sodium  acts  in 
the  same  manner.  The  olive  substance  is 
opaque,  and  it  is  only  when  in  plates  of  ex- 
treme thmness  that  it  appears  semitransparent; 
it  has  nothing  of  the  metallic  aj^iearance ;  it 
is  heavier  than  water ;  and  on  mmute  inspec- 
tion seems  imperfecdy  crystallized.  When  it 
is  exposed  to  a  heat  progressivdy  increased,  it 
melts,  disengages  ammonia,  and  hydrogen, 
and  nitrogen,  in  the  proportions  constituting 
ammonia;  then  it  becomes  solid,  still  pre. 
serving  its  green  ookmr,  and  is  converted  into 
a  nitroguret  of  potassium  or  sodium.  Exposed 
to  the  air  at  the  ordinary  temperature,  it 
attracts  only  its  humidity,  but  not  its  oxygen, 
and  is  slowly  transformed  mto  ammoniacal 
gas,  and  potash  or  soda.  It  bums  vividly 
when  projected  into  a  hot  crudblCf  or  when 
heated  in  a  vessd  containing  oxygen.  Water 
and  acids  produce  alflo  sudden  decomposidon, 
with  the  extrication  of  heat  Alkalis  or  alka- 
line salts  are  produced.  Alcdiol  likewise  de- 
composes it  with  similar  results.  The  pre- 
ceding description  of  the  compound  of  ammonia 
with  potassium,  as  prepared  by  MM.  Gay 
Lussac  and  Thenard,  was  controverted  by  Sir 
H.  Davy. 

The  experiments  of  this  accurate  diemist 
led  to  the  condusion,  that  the  presence  of 
moisture  had  modified  their  results.  In  pro- 
portion as  niore  precautions  are  taken  to  keep 
every  thing  absolutely  dry,  so  in  proportion  is 
less  ammonia  regenerated.  U  e  seldom  obtained 
as  mudi  as  1-lOth  of  the  quantity  abaoibcd; 
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ind  ht  new  enld  procnic  hjdf^geo  md  ni* 
tngcB  ID  the  pnportioiis  eoDidmtiiig  ammo- 
nia;  tlicR  was  always  an  exoev  of  nitipgen. 
The  foDbwiiig  experiment  was  oondueted  with 
die  atmoBt  nieety.  3}  gr.  of  potaaahim  wete 
healed  in  12  oabic  indies  of  ammooiacal  gas ; 
7.6  were  aboortied,  and  3.2  of  hydrogen  erolred. 
On  distilling  the  oliTO-eoloiired  sohd  in  a  tube 
of  phrtina,  9  cubiGal  inches  of  gss  were  given 
off,  and  half  a  cobical  indi  temained  in  the 
tnbe  and  adapten.  Of  the  9  cubical  indiea, 
one-fifth  of  a  cabical  indi  only  was  ammonia; 
10  meararcs  of  the  pennanent  gss  mixed  with 
7*5  of  oxygen,  and  acted  upon  by  iSbe  electri- 
cal Bpaik,  left  a  lesidunm  of  7*5.  He  infers 
that  the  results  of  the  analysis  of  ammonia,  by 
dectxictty  and  potassium,  are  the  same. 

On  the  whfde  we  may  Intimately  infer, 
that  there  is  something  yet  unexplained  in 
these  phenomena.  The  potaanum  separates 
ftom  ammonia  as  nmch  hydrogen  as  an  equal 
weight  of  it  would  from  water.  If  two  volumes 
of  hydrogen  be  thus  detached  from  the  aika- 
fiiie  gas,  the  remaining  volume,  with  the 
volume  of  nitrogen,  wiU  be  left  to  combine 
with  the  potassium,  forming  a  triple  compound, 
somewhat  analogous  to  the  cyanides,  a  com- 
pound capable  of  condensing  ammonia.  For 
an  account  of  a  singular  combination  of  am- 
monia, by  which  its  volatility  seems  destroyed, 
see  Chlorike, 

When  ammoniacal  gas  is  transmitted  over 
icnited  wires  of  iron,  copper,  platina,  &c.  it  is 
£oomposed  completely,  and  though  the  me- 
tals  are  not  increased  in  weight,  they  have  be- 
come extremdy  brittle,  lifon,  at  the  same 
temperature,  decomposes  the  ammonia,  with 
double  the  rapidity  that  platinum  does.  At 
a  high  temperature,  the  protoxide  of  nitrogen 
decomposes  ammonia. 

Of  the  ordinary  metals,  zinc  is  the  only 
one  which  liquid  ammonia  oxidizes  and  dien 
dissolves.  But  it  acts  on  many  of  the  metallic 
oxides.  At  a  high  temperature  the  gas  deoxi- 
dizes all  those  whidi  are  reducible  by  hydrogen. 
The  oxides  soluble  in  liquid  ammonia  are,  the 
oxide  of  sbic,  the  protoxide  and  peroxide  of 
copper,  the  oxide  of  sflvet,  the  third  and  fourth 
omes  of  antimony,  the  oxide  of  tellurium, 
the  protoxides  of  nickel,  cobalt,  and  iron,  the 
peroxide  of  tin,  mercury,  gold,  and  platinum. 
The  first  five  sre  very  soluble,  the  rest  las  sa 
These  combinations  can  be  obtained  by  eva- 
poration, in  the  dry  state,  only  with  copper, 
antimony,  mercury,  gold,  platmum,  and  sil- 
ver ;  the  four  last  of  which  are  very  remarkable 
for  their  detonating  property.  8ee  the  parti- 
cular metals. 

All  the  acids  are  susceptible  of  combining 
with  aii6nM>nia,  and  they  almost  all  form  with 
it  o^utml  conqpoonda.  M.  Oay  Lussac  made 
the  fanportsnt  discovery,  that  whenever  the 
Aod  is  gaseous,  its  combination  with  ammo- 
nlAcal  gas  takes  pUux  in  a  simple  ratio  of  de. 


terminate  volumes,  iHielher  a  nettlial  ^  a 
snbsalt  be  formed^ 

AMMONIACAL  SALTS  have  the  fol- 
lowing general  characters — 

liif  When  treated  with  a  caustic  fixed  al- 
kali or  earth,  they  exhale  the  peculiar  amdl 
of  ammonia. 

2i,  They  are  generslly  soluble  in  water, 
sod  crystallizable. 

Sd,  They  are  all  decomposed  at  a  modecste 
red  heat;  and  if  die  add  be  fixed,  as  the  phos- 
phoric or  bondc,  iht  ammonia  oomes  away 
pure. 

ithf  When  they  are  dropped  into  a  eola- 
tion of  muriate  of  platma,  a  yeUow  precipitate 
foils. 

1.  Acetate,  This  ssline  compound  was 
fonnerly  called  the  spirit  of  Mindererus,  who 
introduced  it  into  medicine  as  a  fobrifoge 
sudorific.  By  saturating  a  pretty  strong  acedc 
acid  with  subcsrbonate  of  ammonia,  endosing 
die  liquid  under  the  receiver  of  an  ab-pump, 
along  with  a  nuoerful  of  sulphuric  aad,  and 
exhausting  the  air,  the  salt  will  concrete  in 
adcukr  crystals,  which  are  nearly  neutnL  It 
may  abo  be  madie  very  conveniently,  by  mixing 
hot  nturated  solutions  of  acetate  of  lead,  and 
sulphate  of  ammonia,  talring  100  of  the  first 
salt  in  its  ordinary  state  to  34.4  of  theaeoond, 
well  dried  at  a  heat  of  212<».  Or  even  muriate 
of  ammonia  will  answer  in  the  proportion  of 
27.9  to  100  of  the  acetate.  Acetate  of  ammo- 
nia has  a  cooling  sweetish  taste.  It  is  delique- 
scent,  and  volatfle  at  all  temperatures ;  but  it 
sublimes  in  the  solid  state  at  250«.  It  oonsista 
of  7&I  of  dry  acetic  acid,  and  24f  ammonia. 
When  intendisd  for  mcdicfaie,  it  should  always 
be  prepared  from  pure  acetic  add,  and  subcar- 
bonate  of  ammonia. 

Arteniate  of  ammonia  may  be  formed  by 
saturating  the  arsenic  add  with  ammonia, 
and  evaporating  the  liquid.  Crystals  of  a 
rhomboidal  prismatic  fonn  are  obtained.  A 
binarseniate  mav  also  be  made  by  using  an  ex- 
cess of  add.  At  a  red  heat,  the  ammonia  of 
both  salts  is  decomposed,  and  the  add  isreduced 
to  the  metallic  state.  Under  the  respective 
adds,  an  account  of  several  ammoniacal  aalla 
will  be  found.  As  the  muriate,  however,  con- 
stitutes an  extensive  manufacture,  we  diall 
epter  here  into  some  additional  details  oon- 
oeming  its  production. 

Sal  ammoniac  was  originally  fabricated  in 
Egypt.  The  dung  of  camels  and  other  *»«"Tilf 
constitutes  the  chief  foel  used  in  that  country. 
ThesootiscareftdlycoDected.  Olobular  glass 
vessels,  about  a  foot  b  diameter,  are  filled 
within  a  few  inches  of  their  mouth  with  it, 
and  are  then  arranged  in  an  oblong  fomace, 
where  they  are  exj^ised  to  a  heat  gradually 
increased.  The  upper  part  of  the  gbaa  bal- 
loon stands  out  of  the  fomaoe,  and  ia  kept 
rdatively  ood  by  the  air.  On  the  3d  day  tiie 
opentioii  Is  eompleisdy  at  which  tfant  they 
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tti  iraii  Tod  occanooatty  into  the 
I  df  itafc  globes,  to  piereiit  them  ftom 
donng  up,  and  thus  eDdanger  the  buntiiig 
of  the  glass. 

Hie  fire  is  allowed  to  go  out;   and  on 

iReaking  die  cooled  gbbes»  thdr  upper  part 

it  found  to  be  lined  with  sal  ammoniac  in 

benusphericBl  lumps,  aboiit  2^  inches  thicic,  of 

a  greyish-vbite  odour,  semitranspaient,  and 

posaeased  of  a  degree  of  dastidty.    26  pounds 

of  aooc  yidd  6  of  sal  ammoniac.  The  ordinary 

mode  of  mana&ctaring  sal  ammoniac  in  £u. 

rope,  is  by  combininff  with  muriatic  add  ihe 

ammonia  lesnlting  mm  the  igneous  deoom- 

positiOD  of  animal  matters  in  close  Tesaels. 

Cyfinden  of  cast  iron,  fitted  up  as  we  have 

described  under  Acetic  Acid,  are  diarsed 

widi  bones,  horns,  parings  of  hides,  and  other 

animal  matters ;  and  bong  exposed  to  a  full 

red  beat,  an  brnnense  quantity  of  an  impure 

liquid  caxbooate  of  ammonia  mstils  over.  Mr. 

M  Jnish  contrived  a  Aesp  method  of  conyeHang 

this  liquid  into  sal  ammoniac.    He  digested 

it  widi  polTerized  gypsum,  or  dmply  made  it 

percolate  through  a  stratum  of  bruised  gypsum ; 

viicDee  resulted  a  liquid  sulphate  of  ammonia, 

sad  an  insoluble  carbonate  of  lime.  The  liquid, 

eTS|ioiated  to  dryness,  was  mixed  with  muriute 

of  nda,  pat  into  large  glass  balloons,  and  de- 

oxniiosea  by  a  subliming  best    Sal  immoniac 

WIS  fimnd  above  in  its  distacterisdc  cake, 

vbfle  solpbate  of  soda  remained  bdow. 

9f .  Ldilanc  of  St  Denis»  near  Paris,  in- 
rented  BSo&er  method  of  much  ingenuity, 
vidcfa  b  described  by  a  commission  of  eminent 
Fiendi  diemists  in  the  19th  volume  of  the 
Afinales  de  Chinde,  and  In  the  Journal  de 
Fhynqoe  for  the  year  1794.  He  used  tight 
brick  kilns,  instead  of  iron  cylinders,  for  hold- 
ing die  materials  to  be  decomposed.  Into  one 
be  pot  a  mixture  of  common  salt  and  oil  of 
ritiial;  into  another,  animal  matters.  Heat 
extricated  from  die  first  muriatic  add  gas, 
and  from  the  second  ammonia ;  which  bodies 
befaig  conducted  by  their  respective  flues  into 
adrird  dumber  lined  with  lead,  and  containing 
a  stratum  of  water  on  its  bottom,  entered  into 
eombination,  and  predpitated  in  solid  sal  am- 
noniae  on  the  roof  and  sides,  or  in  liquid  at 
die  bottom. 

In  the  20th  volume  o^the  Annales,  a  plan 
for  employing  bittern  or  muriate  of  magnesia 
to  fasmsh  the  add  ingredient  b  described.  An 
ingenions  process  on  the  same  prindples  was 
■ome  time  sgo  oommeooed  at  Borrowstouness 
in  SootUmd,  by  Mr.  Astky.  He  unbued  in  a 
stove-room,  healed  by  brick  flues,  parings  of 
ikins,  horns,  and  other  animal  matters,  with 
the  muriate  of  magnesia,  or  mother  water  of  the 
■ea-Mlt  works.  The  matters  thus  impregnated 
ssd  dried  were  subjected  in  a  close  kiln  to  a 
Rd  heat,  when  the  sal  ammoniac  vapour  sub- 
limed, and  was  condensed  dther  in  a  solid 
torn,  into  an  adjdning  diamber  or  chunney, 
m  die  inio  a  atiatDm  of  water  on  its  bottom. 


Muriate  of  magneda  at  a  red  beat  evolves 
muriatic  add  gas;  an  evolution  mobably 
aided  in  the  present  case  by  the  ailSnity  of 
ammonia. 

From  coal  soot  likewise  a  ooosiderable 
quantity  of  ammonia,  in  the  state  of  carbo- 
nate and  sulphate,  may  be  obtained,  dther  by 
sublimation  or  lixiviadon  with  water.  These 
ammoniacal  products  can  afterwards  be  r»dily 
converted  into  the  muriate,  as  above  described 
M.  Lefalanc  used  a  kettle  or  eolipile  for  pro- 
jecting steam  into  the  leaden  chamber,  to  pro- 
mote the  combination.  It  is  evident,  that  die 
exact  neutralization  essential  to  sal  ammoniac 
might  not  be  hit  at  first  in  these  operations ;'  but 
it  could  be  afterwards  afibcted  by  the  separate 
addition  of  a  portion  of  alkidine  or  add  gas. 
As  the  mother  waters  of  the  Cheshire  ult- 
works  contain  only  3}  per  cent  of  nnuiate 
of  magnesia,  they  are  not  suitable,  like  those 
of  sea-salt  works,  for  the  above  manujbcture. 
See  Salt. 

AMMONIAC  (GUM).  This  is  a  gum 
xesm,  which  consnts,  according  to  Braconnot, 
of  70  resin,  18.4  gum,  4.4  glutinous  matter, 
6  water,  and  1.2  loss  in  100  parts.  It  forms  a 
milky  solution  with  water ;  is  partially  soluble 
in  alcohol ;  eotirdy  io  ether,  nitric  add,  and 
alkalies.  Sp.  gr.  1.200.  It  has  rather  a  heavy 
smdl,  and  a  bitter-sweet  taste.  It  is  in  smafi 
agglutinated  pieces  of  a  yeUowish-white  colour. 
It  IS  used  in  medicine  aa  an  expectorant  and 
antispasmodic. 

AM  MON ITES.  These  petrifactions,  whidi 
have  likewise  been  distinguished  by  the  name 
of  comua  amtnonUy  and  tee  called  inake»st<m€9 
by  the  vulgar,  consist  chiefly  of  lime-stone. 
They  are  found  of  aU  sizes,  nrom  the  breadth 
of  half  an  inch  to  more  than  two  feet  in  dia- 
meter; some  of  them  rounded,  others  gready 
compressed,  and  lo^ed  in  difikent  stmta  of 
stones  and  days.  They  appear  to  owe  their 
origin  to  shells  of  the  nautilus  kind. 

AMOMUM.    See  Pihekto. 

AMPELITE.  The  aluminous  ampdite, 
ia  the  alum  slate,  and  the  graphic,  the  graphic 
abue. 

AMPHIBOLE.   See  Ho&nblekde  and 

ACTYMOLITE. 

AMFHIBOLITES.  In  geology,  trap 
rocks,  the  basis  of  which  is  amphibole  or  horn- 
blende. 

AMPHIGENE.    See  Vesuviak. 

AMYGDALOID.  A  compound  mhsersl, 
consisting  of  spheroidal  particles  or  vesides  of 
Udiomarge,  green  earth,  calc  spar,  steatite, 
imbedded  in  a  basis  of  fine-grained  green  stone, 
or  WBcke,  containing  sometimes  sdso  crystals 
of  hornblende, 

AMYLINE  or  AMYDINE.  Sauasure 
exposed  a  solution  of  starch  in  twdve  times  ita 
weight  of  water  to  the  air  in  a  shallow  capsule 
for  two  years.  It  had  then  become  a  gnj 
liquid,  covered  witii  mould,  free  from  smdl, 
and  without  action  on  vegetable-  blue  eolooit. 
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The  starch  had  lost  nearly  one-fborth  of  its 
weidit,  and  the  remainder  was  oon?erted  into 
the  following  substances.  1,  Sugar,  amounting 
to  one  half  of  the  starch ;  2,  gum,  or  a  sub- 
stance analogous  to  it,  obtainol  by  roasting 
starch ;  3,  amyline ;  4,  starchy  lignine ;  5, 
llgnine  mixed  with  charcoaL  Amyline  is  in- 
termediate  between  gum  and  starch.  It  is 
soluble  in  boiling  wate^  and  the  solution 
affords  by  evaporation  a  p«le  semi-transparent 
brittle  substance,  insoluble  in  alkohol,  but 
soluble  in  ten  times  its  weight  of  cold  water, 
and  to  any  extent  in  water  at  144^  The 
solution  becomes  a  white  paste,  with  subacetate 
of  lead.  With  iodine  it  becomes  blue.  It  is 
precipitated  by  barytes  water,  but  not  by  lime 
water,  potash,  soda,  or  galls.  Phil.  Trans, 
1819. 

ANACARDIUM,  cashew  nut,  or  mark- 
ing nut  At  one  extremity  of  the  fruit  of  the 
cawew  tree  is  a  flattish  kidney-shaped  nut, 
between  the  rind  of  which  and  the  thin  outer 
shell  is  a  small  quantity  of  a  red,  thickish, 
inflanunable,  and  very  caustic  liquor.  This 
liquor  forms  an  usefiil  noarking  mk,  as  any 
thing  written  on  linen  or  cotton  with  it  is  of  a 
brown  colour,  which  gradually  grows  blacker, 
and  is  very  durable. 

ANALCIME.  Cubic  leoUte.  This  mi- 
nend  is  generally  found  in  aggregated  or  cubic 
crystals,  whose  solid  angles  are  replaced  by 
thvee  planes.  External  lustre  between  vitreous 
and  pearly ;  fracture,  flat  conchoidal ;  colours, 
white,  grey,  or  reddish;  translucent  From 
its  becoming  fieUy  electrical  by  heat  it  has 
got  the  name  analcime.  Its  sp.  gr.  is  less  than 
2.6.  It  consisto  of  58  silica,  18  alumma,  2  lime, 
iO  soda,  8A  water,  and  3^  loss  in  100  parts. 
It  is  founa  in  granite,  gneiss,  trap  rocks  and 
lavas,  at  Gallon  UOl  Edinbarsh,  at  Talisker 
in  Sky,  in  Dumbartonshire,  m  the  Hartz, 
Bc^emia,  and  at  the  Ferroe  Islands.  The 
variety  found  at  Somma  has  been  called  saroo- 
lite,  horn  its  flesh  colour. 

ANALYSIS.  Chemical  analysis  consists 
of  a  great  variety  of  operations,  performed 
for  the  purpose  of  separating  the  component 
parts  of  bodies.  In  these  operations  the  most 
extensive  knowledge  of  such  properties  of  bodies 
as  are  already  discovered  must  be  applied,  in 
order  to  produce  simplicity  of  effect,  and  cer- 
tainty in  the  results.  Chemical  analysis  can- 
not be  executed  with  success,  by  one  who  is 
not  in  possession  of  a  considerable  number  of 
aunple  substances  in  a  state  of  fl;reat  purity, 
which,  from  their  effects,  are  called  reagents. 
The  word  analysis  b  applied  by  chemists  to 
denote  that  series  of  operations  by  which  the 
component  parts  of  bodies  are  determined, 
whether  they  be  merely  separated,  or  exhibited 
apart  from  each  other;  or  whether  these  di- 
stinctive properties  be  exhibited  by  causing 
them  to  enter  into  new  combinations.  The 
forming  of  new  combinations  it  called  synthe- 
sis; and,  in  the  chemical  examiiuition  of 


bodies,  analysis  or  sepantioa  can  acafody  ever 
be  effected,  without  synthesis  taking  pboe  at 
the  same  time. 

As  most  of  the  improvements  in  the  sdenoe 
of  chemistry  consist  in  brin^g  the  art  of 
analysis  nearer  to  perfection,  U  is  not  easy  to 
give  any  other  rule  to  the  learner  than  the 
general  one  of  consulting  and  remarking  the 
processes  of  the  best  chemists,  sudi  as  Scfaeelp, 
Bergman,  Klaproth,  Kirwan,  Vauqueliu,  and 
Berzelius.  The  bodies  which  present  them- 
selves  more  frequently  for  examination  than 
others  are  minerals  and  mineral  waters.  In 
the  examination  of  the  former,  it  was  the  habit 
of  the  earlier  chemists  to  avail  themselves  of 
the  action  of  fire,  with  very  few  humid  pro- 
cesses, which  are  such  as  might  be  perfinned 
in  the  usual  temperature  of  the  atmosphere. 
Modem  chemists  have  improved  the  process  by 
fire,  by  a  very  extensive  use  of  the  blowpi^ 
(aee  Blowpipe);  and  have  succeeded  in 
oetermining  the  component  parts  of  minenda 
to  great  accuracy  in  the  humid  way.  For  the 
method  of  analyzing  mineral  waters,  see 
Watebs  (Mikebal)  ;  and  for  the  analysis 
of  metallic  ores,  see  Obes. 

Several  authors  have  written  on  the  exami. 
natbn  of  earths  and  stones. 

The  first  step  in  the  examination  of  consist- 
ent earths  or  stones  is  somewhat  different  fmsa 
that  of  such  as  are  pulverulent  Their  specific 
gravity  should  first  be  examined ;  also  their 
hardness,  whether  they  will  strike  fire  with 
steel,  or  can  be  scratched  by  the  nail,  or  only 
by  crystal,  or  stones  of  still  greater  hardness : 
auo  their  texture,  pervioosness  to  light,  and 
whether  they  be  manifestly  homogeneous  or 
compound  spedes,  &c. 

2i,  In  some  cases,  we  should  try  whether 
they  imbibe  water,  or  whether  water  can  ex- 
tract aqy  thing  from  them  by  ebullition  or 
digestion. 

3d,  Whether  they  be  soluble  in,  or  effervesce 
with  adds,  before  or  after  pulverisation;  or 
whether  decomposable  by  boiling  in  a  strong 
solution  of  potash,  &c.,  as  gypsums  and  pan- 
derous  spars  are. 

4thy  Whether  they  detonate  with  nitre. 

5l/i,  Whether  they  yidd  the  fluor  add  by 
distillation  with  sulphuric  add,  or  ammonia 
by  distilling  them  with  potash. 

ethy  Whether  they  be  fusible  per  te  with 
a  blowpipe,  and  how  they  are  affected  by  soda, 
borax,  and  microcosmic  salt;  and  whether 
they  decrepitate  when  gradually  heated. 

7th,  Stones  that  mdt^r  se  with  the  blow- 
pipe are  certainly  compound,  and  contain  at 
least  three  species  of  earth,  of  which  the  cal- 
careous is  probably  one ;  and  if  they  give  fire 
with  sted,  the  siliceous  is  probably  another. 

The  seneral  process  prescribed  by  the 
cdebrated  Vauquelin,  in  the  30th  volume 
of  the  Annates  de  Chimie,  is  the  dearcs* 
which  has  yet  been  offered  to  the  chemical 
student 
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If  the  mineral  be  very  haid,  it  is  to  be 
wmed  in  «  corcred  crucible  of  platinum,  and 
men  planned  into  cold  water,  to  render  it 
biittle  ana  eaaily  pnlverizable.  The  weight 
dhoold  be  noted  before  and  after  tliis  opera:ion, 
in  Older  to  aee  if  any  Tolatfle  matter  has  been 
emitted.  For  the  purpose  of  reducing  stones 
to  an  impalpabie  powder,  little  mortars  of 
highly  haidened  sted  are  now  made,  consisting 
of  a  cylindricBl  case  and  pestle.  A  mortar  of 
■gate  is  also  used  for  subsequent  Icvigation. 
About  ten  grains  of  the  mineral  should  be 
iieatedatonce;  and  after  the  whole  100  grains 
hsfe  been  reduced  in  succession  to  an  impal- 
psUe  powdff,  they  should  be  weighed,  to  find 
what  increase  may  have  been  ^ved  fiora 
ibe  s&bstanee  of  the  agate*  This  addition  may 
be  regarded  as  silica. 

of  ihe  primaiy  earths,  only  four  are  usually 
met  wid&  in  minerals,  viz.  silica,  alumina, 
magnesia,  and  lime,  associated  with  some  me- 
tallie  oxides,  which  are  commonly  iron,  man- 
ganese, nickei,  copper,  and  chromium. 

If  neitfacr  add  nor  alkali  be  expected  to  be 

picsent,  the  noinenl  is  mixed  in  a  silver  cru- 

afak,  wiifa  thrice  its  weight  of  pure  potash 

sod  a  little  water.    Heat  is  gradually  applied 

to  die  cofcred  crucible,  and  is  finally  raised  to 

ledneM ;  at  which  temperature  it  ought  to  be 

■ainfaiiied  for  an  hour.    If  the  mass,  on  in- 

^Kction,  be  a  perfect  glass,  silica  may  be  re- 

(pffded  as  tile  chief  constituent  of  the  stone ; 

bat  if  the  vitrification  be  very  imperfect,  and 

dx  balk  much  increased,  dumina  may  be 

s^sposed  to  predominate.    A  brownish  or  dull 

gm  eaiour  indicates  the  presence  of  iron  ; 

a  bt^fat  gnas-green,  which  is  imparted  to 

wiier,«faat  of  manganese ;  and  from  a  greenish. 

yellow,  diromlum  may  be  expecteo.      The 

OBcible,  still  a  little  hot,  being  first  wiped,  is 

pat  into  a  capule  of  porcelain  or  platinum ; 

when  warm  distilled  water  is  poured  upon  the 

slkalkie  earthy  mass,  to  detach  it  mm  the 

aQdbl&     Having  transferred  the  whole  of  it 

■ifo  the  capsule,  muriatic  add  is  poured  on, 

sod  a  gentle  heat  applied,  if  necessary,  to  ae- 

eompfish  tta  solntiaii.    If  die  liqoid  be  of  an 

ennge-ied  colour,  we  infer  the  presence  of 

ixoB ;  if  of  a  golden-ydlow,  that  of  chromium ; 

sod  if  of  a  purplish-red,  that  of  manganese. 

"nie  solution  is  next  to  be  evaporated  to  dry- 

nca,  on  a  sand  bath,  or  over  a  lamp,  taking 

esse  so  to  icgnlate  the  heat  that  no  particles 

be  thrown  out.    Towards  the  end  of  the  eva- 

poBttiflo,  it  MBumes  a  gdatinous  consistence. 

At  dds  period  it  must  be  stirred  frequently 

vith  a  putinum  spatula  or  g^ass  rod,  to  pro- 

noie  the  disengagement  of  die  muriatic  add 

{M.    After  this,  die  heat  may  be  raised  to 

folly  212*  F.  for  a  few  minutes*    Hot  water 

ii  now  to  be  poured  on  in  considerable  abund- 

snoe,  vluGh  dissolves  every  thing  except  the 

afics.    By  filtration,  this  earth  is  separated 

Ado  tbe  liquid ;  and  bdng  edokorated  with 

iioc  nkr^  it  is  then  dried,  ignited,  and  weighed. 


It  constitutes  a  fine  white  powder,  Insoluble 
in  adds,  and  feeling  gritty  between  the  teeth. 
If  it  be  coloured,  a  little  dilate  muriadc  add 
must  be  digested  on  it,  to  remove  the  adhering 
metallic  parddes,  which  must  be  added  to  the 
first  solution.  This  must  now  be  reduced  by 
evaporation  to  the  bulk  of  h&lf  a  pint  Car- 
honate  of  potash  bdng  then  added,  till  it  hi- 
dicates  alkaline  excess,  the  liquid  must  be 
made  to  boil  for  a  litde.  A  copious  predpi- 
tation  of  the  earth  and  oxides  is  thus  produced. 
The  whole  is  thrown  on  a  filter,  and  after  it 
is  so  drained  as  to  assume  a  semi-solid  con- 
sistence, it  is  removed  by  a  pladnum  blade, 
and  boiled  in  a  capsule  for  some  time,  with 
solution  of  pure  potash.  Alumina  and  glu- 
cina  are  thus  dissolved,  while  the  odier  earths 
and  the  metallic  oxides  remain. 

This  alkalino-earthy  solution,  separated  from 
the  rest  by  filtration,  is  to  be  treated  with  on 
excess  of  muriatic  aad ;  after  which  carbonate 
of  ammonia  being  added  also  in  excess,  the 
alumina  is  thrown  down  while  the  gludna  con- 
tinues dissolved.  The  first  earth  s^arated  by 
filtration,  washed,  dried,  and  ignited,  gives 
the  quantity  of  slumina.  The  nature  of  this 
may  be  further  demonstrated,  by  treating  it 
with  dilute  sulphuric  add,  and  sulphate  of 
potash,  both  in  equivalent  qusntities,  when  the 
whole  will  be  converted  into  alum.  (See 
Alum).  The  filtered  liquid  will  deposit  its 
glucina,  on  dissipating  the  ammonia,  by  ebul- 
lition. It  is  to  be  separated  bv  filtration,  to 
be  washed,  ignited,  and  wdghed. 

The  matter  undissolved  by  the  digestion  of 
the  liquid  potash  may  consist  of  lime,  ma^* 
neda,  and  metallic  oxides.  Dilute  sulphunc 
add  must  be  digested  on  it  for  some  time. 
The  solution  is  to  be  evaporated  to  dryness, 
and  heated  to  expd  the  excess  of  acid.  The 
saline  solid  matter  beuig  now  difiused  in  a 
moderate  quantity  of  water,  the  sulphate  of 
magnesia  will  be  dissolved,  and,  along  with 
the  metellic  sulphates,  may  be  separated  from 
the  sulphate  of  lime  by  die  filter.  The  latter 
being  washed  with  a  little  water,  dried,  ignited, 
and  wd^ied,  ghres,  by  the  «eale  of  equivalents, 
the  quantity  of  lime  in  the  mineral  The 
magnesian  and  metallic  solution  being  diluted 
with  a  large  quantity  of  water  is  to  be  treated 
with  bicarbonate  of  potash,  which  will  predpi- 
tate  the  nickel,  iron,  and  chromium,  but  retain 
the  magnesia  and  manganese,  by  the  excess  of 
carbonic  add.  Hydrosulphuret  of  potash  will 
throw  down  the  manganese,  from  the  mag- 
nesian sdution.  The  addition  of  pure  potash, 
aided  by  gentle  ebullition,  will  then  predpitate 
the  nwgnesia.  The  oxide  of  numganese  may 
be  freed  from  the  sulphuretted  hydrogen,  by 
ustulation. 

The  mingled  inetsllic  oxides  must  be  di. 

Ssted  with  abundance  of  nitric  add,  toaddify 
e  chromium.  The  liquid  is  next  treated 
with  potash,  which  forms  a  soluble  chromate, 
while  it  throws  down  the  iron  and  nickeL  The 
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civomic  add  inay  be  imrated  from  the  potash 
by  muziatic  add,  and  digestian  with  heat, 
washed,  dried  tiH  it  become  a  green  oxide, 
and  wdghed.  The  nickd  Is  separated  from 
the  iron,  by  treating  their  solution  in  muriatic 
add,  with  water  of  ammnnia.  The  latter 
oxide  whidi  falls  may  be  separated  by  the 
filter,  dried  and  weighed^  By  evaporating  the 
liquid,  and  exposing  the  dry  residue  to  a 
moderate  heat  the  ammoniactd  salt  will  sub- 
lime, and  leave  the  oxide  of  nickel  behind. 
The  whole  separate  weights  must  now  be  coL 
lected  in  one  amount,  and  iC  they  constitute  a 
sum  within  two  per  cent,  of  the  primitive 
wdght,  the  analysis  may  be  regarded  as  giving 
a  satisfoctory  account  of  the  composition  of 
the  mineral.  But  if  the  defidency  be  con- 
siderable, then  some  volatile  ingredient,  or 
some  alkali  or  alkaline  salt,  may  be  suspected. 

A  portion  of  the  mineral  broken  into  small 
fragments,  is  to  be  ignited  in  a  porcelain  re- 
tor^  to  which  a  refrigerated  recdver  is  fitted. 
The  water  or  other  volatile  and  condensable 
matter,  if  any  be  present,  wDl  thus  be  oh- 
tained.  But  if  no  loss  of  weight  be  sustained 
by  ignition,  alkali,  or  a  volatile  add,  may  be 
looked  for.  The  latter  is  usually  the  fluoric. 
It  may  be  expelled  by  digestion  with  sulphuric 
add.  It  b  exactly  characterized  by  its  pro- 
perty of  corroding  glass. 

Beside  this  general  method,  some  others 
may  be  used  in  particular  cases. 

Thus,  to  discover  a  small  proportion  of 
alumina  or  magnesia  in  a  solution  of  a  large 
miantity  of  lime,  p^re  ammonia  may  be  sff 
plied,  which  will  predpitate  the  alumina  or 
magnesia  (if  any  be),  but  not  the  lime.  Dis- 
tilled vinmr  ap|»U^  to  the  precipitate  will 
discover  whether  it  be  alumina  or  magnesia. 

2<//y,  A  minute  portion  of  lime  or  baiy tes, 
in  a  solution  of  slumina  or  magnesia,  may  hp^ 
discovered  by  the  sulphuric  acid,  which  pre-' 
dpUates  the  lime  and  barytes :  the  solution 
should  be  dilute,  else  the  alumina  also  would 
be  predpitatcd.  If  there  be  not  an  excess  of 
add,  the  oxalic  add  is  still  anioertestof  lime: 
100  grains  of  gypsum  contain  about  33  of 
lime;  100  gnuns  of  sulphate  of  barytes  con- 
tain G6  of  barytes;  100  grains  of  oxalate  of 
lime  contain  43.8  of  lime.  The  insolubility 
of  sulphate  of  barytes  in  500  times  its  weight 
of  boiling  water  sufficiently  distinguishes  it. 
From  these  data  the  quantities  are  easily  in- 
vestigated. 

Sdly,  A  minute  proportion  of  alumina  in 
a  large  quantity  of  magnesia  may  be  discovered, 
dther  by  precipitating  the  whole,  and  treating 
it  with  distillea  vin^ar;  or  by  heating  the 
solution  nearly  to  ebuUition,  and  adding  more 
carbonate  of  magnesia,  until  the  solution  is 
perfectly  neutral,  which  it  never  is  when  alu- 
mina  is  contamed  m  It,  as  this  requires  an  ex- 
cess of  add  to  keep  it  in  solution.  By  these 
means  the  alumina  is  predpitafeed  in  the  state 
ofembryon  alum,  which  contains  about  half 


its  weight  of  alonvna,  (oc,  for  gnater  exact- 
ness, it  may  be  decomposed  by  boiling  it  in 
volatile  alkali).  After  the  predpitation  the 
solution  should  be  largely  diluted,  as  the  saU 
phate  of  magnesia,  which  remained  in  solatioii 
while  hot,  would  precipitate  when  cold,  and 
mix  with  the  embryon  alum. 

Athly,  A  minute  portion  of  magnesia  m  a 
large  quantity  of  alumina  is  best  separated  by 
predpitating  the  wholc^  and  treating  the  pre- 
dpitate  with  distilled  vmegar. 

LatUy^  Lime  and  barytes  arc  separated  hj 
predpitating  both  with  the  sulphuric  add, 
and  evaporadng  the  solution  to  a  small  com- 
pass, pouring  off  the  liquor,  and  treatmg  the 
dried  precipitate  with  500  times  its  weight  of 
boiling  water;  what  remains  undissolved  ia 
sulphate  of  barytes. 

The  inconveniences  of  employins  much 
heat  are  obvious,  and  Mr.  Lowitz  informs  ua 
diat  they  may  be  avoided  without  the  least 
disadvantage.  Over  the  flame  of  a  spirit  lamp, 
that  will  hold  an  ounce  and  half,  and  is  placed 
in  a  cylindrical  tin  furnace,  four  inches  high 
and  three  in  diameter,  with  air-holes,  and  a 
cover  perforated  to  hold  die  crudble,  he  bmls 
the  stone  prepared  as  directed  above,  stirring; 
it  frequendy.  His  crudble,  which,  as  well 
as  the  spatula,  ia  of  very  fine  silver,  holds  two 
ounces  and  a  naif,  or  three  ounces.  As  soon 
as  the  matter  is  boiled  dry,  he  pours  in  as 
much  hot  water  as  be  used  at  first;  and  tliis 
he  repeats  two  or  three  times  more,  if  the  re- 
fractoriness  of  die  fossil  require  it.  Large 
tough  bubbles  arising  during  the  boiling  are 
in  general  a  sign  that  the  process  will  be  au 
tended  with  success.  Even  the  sapphire, 
though  the  most  refractory  of  all  Mr.  Lowitz 
tried,  was  not  more  so  in  this  than  in  the  dry 
way. 

Sir  H.  Davy  observes,  that  boracic  add  is 
very  useful  in  analyzing  stones  that  contain  a 
£xed  alkali ;  as  its  attraction  for  the  different 
earths  at  tbe  heat  of  ignition  ia  considerable, 
and  the  compounds  it  forms  with  them  are 
easily  decomposed^  by  the  mineral  adds,  dis- 
solved in  water.  His  process  ia  aa  follows: 
Let  100  grains  of  the  stcme  to  be  exammed  be 
reduced  to  a  fine  powder,  mixed  with  200 
grains  of  boradc  add,  and  fused  for  about 
half  an  hour  at  a  strong  red  heat  in  a  crudble 
of  platina  or  silver.  Digest  the  fused  mass  in 
an  ounce  and  half  of  nitric  acid,  diluted  with 
seven  or  eight  times  the  quantity  of  water, 
rill  the  whofe  is  deoompoera ;  and  then  eva- 
porate the  solution  till  it  is  reduced  to  an 
ounce  and  half,  or  two  ounces.  If  the  stone 
contained  silex,  it  will  separate  in  this  process, 
and  must  be  collected  on  a  filter,  and  edulco- 
rated with  distilled  water,  to  separate  the 
saline  matter.  The  fluid,  mixed  widi  all  the 
water  that  has  been  passed  through  the  filter, 
being  evaporated  till  reduced  to  about  half  a 
pint,  is  to  be  saturated  with  carbonate  of  am- 
monia, and  boiled  with  an  excess  of  this  salt, 
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tffl  an  thai  will  pwriniimg  has  ftUen  down. 
Tlie  ourtfas  snd  metaUic  oxides  beiiig  iepa« 
»GBd  by  filtmrion,  mix  nitrie  add  with  the 
deaz  fluid  till  it  haa  aatfoogly  sour  taste,  and 
Ukb  enanmte.tiU  the  boracic  add  remams 
fice.  Filter  the  fluid,  efs^wiate  it  to  dryness, 
and  espose  it  to  a  heat  of  460<»  F.  when  the 
nitata  of  ammonia  will  be  decomposed,  and 
the  nitate  of  potash  or  soda  will  remain  in  th£ 
Tcaad.  The  earths  aod  metallic  oxides,  that 
lemaioed  on  the  filter,  may  be  dudogaished 
by  theoommoo  proooses.  The  alumina  may 
be  separated  by  solution  of  potaah,  the  lime  by 
snlphniic  add,  the  oxide  of  mn  by  suodnate 
of  amnooDia,  the  manganese  by  hydrosulphuret 
of  potash,  and  the  magnesia  by  ptue  soda. 

Lately  carbonate  or  nitrate  of  barytes,  and 
GBxboiiaie  with  nitrate  of  lead,  have  been  in- 
tooducsd  into  mineral  analysis  with  great  ad. 
vantage,  for  the  fluxing  of  stones  that  may 
-«-*-5-  -^Wline  matter.  See  the  English 
of  M.    Tlienard's  volume   on 


M.  JBeneliiis  has/more  xeoently  employed 
flaoiic  add  in  a  very  in^ious  manner  for  the 
analysis  of  siliceous  nunerals.  In  extracting 
hthis*  for  example,  fiom  triphaoe  or  spodn- 
meoe,  he  mixes  the  mineral  in  powder,  with 
twice  its  wei^t  of  pulverized  fluor  spar,  and 
with  solphniic  add ;  he  then  heats  uie  mix- 
tore  io  mat  the  fluoric  add  shall  carry  off  the 
alia  in  the  form  of  fluo-silidc  add  gas,  and 
be  sfiberwards  separates  the  sulphate  of  lithia 
&nD  the  residuary  matter  by  sdution. 

Under  the  head  of  mineral  analysis,  nothiog 
is  of  so  much  general  importance  as  the  exa- 
Biaacion  of  sous,  with  a  view  to  the  improve- 
Bimt  of  such  as  are  less  productive,  by  sup- 
plying the  ingredients  they  want  in  due 
pnportiooa  to  increase  their  fertility.  To 
Lord  Dundooald  and  Mr.  Kirwan  we  are 
aracfa  indebted  for  their  labours  in  this  field 
of  inqoiiy ;  but  Sir  H.  Davy,  assisted  by  the 
labours  of  these  gentlemen,  the  facts  and  ob- 
terradons  of  Mr»  Young,  and  his  own  skill 
io  cheoiififery,  having  given  at  large,  in  a  man- 
ner  bett  adapted  for  the  use  of  the  practical 
teoer,  an  account  of  the  medu)da  to  be  pur- 
ned  for  this  purpose,  we  shsll  here  copy  them. 
The  substances  found  io  soils  sze  certain 
miiFtures  or  combinations  of  some  of  the 
primitive  earths,  animal  and  vegetable  matter 
ia  a  decomposing  state,  certain  saline  com- 
poQoda,  and  the  oxide  of  iron.  These  bodies 
always  retain  water,  and  exist  in  very  difierent 
proportions  in  difl&ient  lands,  snd  the  end  of 
SDsiyticsl  experiments  is  the  detection  of  their 
quantities  snd  mode  of  union. 

The  earths  commonly  found  in  8<m1s  are 
priocipofly  ailex,  or  the  earth  of  flints ;  alu- 
mina, or  the  pure  matter  of  day;  lime,  or 
edcsreous  earUi ;  and  magnesia:  for  the  cha- 
neteit  of  which  see  the  artides.  Silex  com- 
pncs  a  cottsidcnUe.part  of  hard  gravelly 
wSh  hard  sandy  soils,  and  hard  stony  lands. 


mt  in  cUftfmiht  and 
dayey  loams ;  but  even  in  tiie  smallest  par- 
tides  of  these  soils  it  is  gensnBy  united  with 
silex  and  oxide  of  iron.  lime  always  exists 
in  soils  in  a  state  of  comUnatioD,  and  chiefly 
with  carbonic  acid,  when  it  is  called  carbonate 
of  lime.  This  carbonate  in  its  hardest  state  is 
msrble ;  in  its  softest,  dudk.  Lime  united 
with  sulphuric  sdd  is  sulphate  of  lime,  or 
gypsum ;  with  phosphoric  sdd,  phosphate  of 
time,  or  the  earth  of  bones.  CsrbOTSte  of 
lime,  mixed  with  other  subetsnces,  composes 
chalky  sbils  and  marks,  and  is  found  in  soft 
sandy  soilsL  Magnesia  is  rard^r  found  in 
soils ;  when  it  is,  it  is  combined  with  csrbonio 
sdd,  or  with  silex  snd  alumina.  Animal 
decomposing  mstter  exists  in  difibent  states, 
contamsmuch  carbonaceous  substanoe,vdbtile 
alkali,  inflammable  aeriform  producta,  and 
carbonic  add.  It  is  found  chiefly  in  lands 
latdy  manured.  Vegetable  decompodng  mst- 
ter usually  contains  still  more  cazbonaoeoos 
substsnce,  uod  differs  from  the  preceding, 
prindpally  in  not  producing  vtdatile  alkali 
It  forms  a  great  proportion  of  all  peats, 
abounds  in  ridi  mould,  snd  is  found  in  laiger 
or  smaller  (juantities  in  all  lands.  The  selhie 
compounds  are  few,  and  in  small  quantity : 
they  are  chiefly  muriate  of  soda,  or  common 
salt,  sulphate  of  magnesia,  muriate  and  suL. 
pbate  of  potash,  nitrate  of  lime,  and  the  mild 
alkdis.  Oxide  of  iron,  which  b  the  semo 
with  the  rust  produced  by  exposing  bron  to  air 
and  water,  ia  found  in  all  soils,  but  most 
abundantly  in  red  and  vdlow  days,  and  red 
and  veUow  siliceous  sands. 

The  instruments  requidte  for  the  analysis 
of  soils  sre  few.  A  pair  ci  scales  e^wblo  of 
holding  a  quarter  of  a  pound  of  common  soil, 
and  turning  with  a  single  gram  when  loaded : 
a  set  of  weights  iiom  a  quarter  of  a  pound 
troy  to  a  grain :  a  wire  sieve,  coarse  enough  to 
let  a  pepperoom  pass  through:  an  Argand 
lamp  and  stand :  a  few  glass  bottles,  Hessian 
crudbles,  and  diina  or  queen*s  ware  evapo. 
rating  buins :  a  Wedgwood  pestle  and  mortar : 
some  filters  made  of  half  a  sheet  of  blotting 
paper,  folded  so  as  to  contam  a  pint  of  liquid, 
and  greased  at  the  edges :  a  bone  knife ;  and 
sn  apparatus  for  ooSecting  and  measuring 
aeriform  fluids. 

The  reagents  necessary  are  muriatic  add, 
sulphuric  add,  pure  volatile  alkali  dissolved  in 
water,  solution  of  prussiate  of  potash,  soap 
lye,  and  solutions  of  carbonate  of  ammonia, 
muriate  of  ammonia,  neutral  carbonate  of  pot- 
ash, and  nitrate  of  ammonia. 

1.  ^^lien  the  general  nature  of  the  soil  of  a 
Add  is  to  be  ascertained,  specimens  of  it  should 
be  taken  from  different  places,  two  or  three 
inches  below  the  surface,  and  examined  as  to 
the  simihirity  of  their  properties.  It  some* 
times  happens,  that  on  plains  the  whole  of  the 
upper  stratum  of  theland  is  of  the  same  Und, 
and  in  this  case  one  analysis  will  be  sulBdent* 
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But  in  ▼alleyB,'  and  oev  the  bedi  of  rifoi, 
there  Bze  very  great  diffiaences,  and  it  now  and 
then  oocuia,  that  one  part  of  a  field  is  cal« 
careoua,  and  another  part  ailiceoos ;  and  in 
thia  and  aoalagous  cases,  the  portioDs  different 
from  each  other  should  be  analyzed  separately. 
Sdls  when  oodlected,  if  they  cannot  be  ex. 
andned  immediately,  should  be  preserved  in 
phials  quite  filled  with  them,  and  closed  with 
ground  glass  stopples.  The  most  convenient 
quantity  for  a  perfect  analysis  b  from  two 
hundred  grains  to  four  hundred.  It  should 
be  collected  in  dry  weather,  and  exjxwed  to 
the  air  till  it  feels  dry.  Its  specific  gravity 
may  be  ascertained,  by  introducing  Into  a 
phiial,  which  will  contain  a  known  quantity 
of  water,  equal  bulks  of  water  and  of  the  soil ; 
which  may  easily  be  done,  by  pouring  in 
water  till  the  phial  is  half  fuU,  and  then  add- 
inff  the  soil  till  the  fluid  rises  to  the  mouth. 
The  dUfferenoe  between  the  weight  of  the 
water,  and  that  of  the  soil,  will  give  the  re- 
ault.  Thus  if  the  bottle  will  contain  four 
hundred  grains  of  water,  and  gains  two  bun* 
dred  grains  when  half  fiUed  with  water  and 
half  with  soil,  the  specific  gravity  of  the  soil 
will  be  2 ;  that  is,  it  will  be  twice  as  heavy 
as  water :  and  if  it  gained  one  hundred  and 
sixty-five  grains,  its  specific  gravity  would  be 
1825,  water  being  1000.  It  is  of  importance 
that  the  specific  gravity  of  a  soil  should  be 
known,  as  it  aStaSs  an  indication  of  the  quan- 
tity of  animal  and  vegetable  matter  it  contains, 
these  substances  being  always  most  abundant 
in  the  lighter  soils.  The  other  physical  pro- 
perties  of  soils  should  likewise  be  examined 
before  the  analysis  is  made,  as  they  denote,  to 
a  certain  extent,  their  composition,  and  serve 
'  as  guides  in  directing  the  experiments.  Thus 
silwKus  soils  are  generally  roush  to  the  touch, 
and  scratch  glass  when  rubbed  upon  it:  alu- 
minous soils  adhere  strongly  to  the  tongue, 
and  emit  a  strong  earthy  smdl  when  breathed 
upon ;  and  calcareous  soils  are  soft,  and  much 
las  adhesive  than  aluminous  soils. 

2.  Soils,  when  as  dry  as  tbey  can  be  made 
by  exposure  to  the  air,  still  retain  a  consi- 
derable  quantity  of  water,  which  adheres  with 
great  obstinacy  to  them,  and  cannot  be  driven 
off  without  considerable  heat:  and  the  fint 
process  of  analysis  is  to  free  them  from  as 
much  of  this  water  as  possible,  without  afiect. 
Sng  their  composition  in  other  respects.  This 
may  be  done  by  heating  the  soil  for  ten  or 
twdve  minutes  in  a  china  basin  over  an 
Argand  lamp,  at  a  temperature  equal  to 
300<>  F. ;  and  if  a  thermometer  be  not  used, 
the  proper  degree  of  heat  may  easily  be  ascer- 
tained by  keeping  a  piece  of  wood  in  the  basin 
in  contact  witn  its  bottom ;  or  as  long  as  the 
colour  of  the  wood  remains  unaltered,  the  heat 
is  not  too  hig^ ;  but  as  soon  as  it  begins  to  be 
diarred,  the  process  must  be  stopped.  In 
acTeial  experiments,  in  which  Sir  H  Davy 
collected  the  water  that   came  over  at  this 


degree  of  heat,  he  found  it  pure,  wItfaoM  any 
sensible  quantity  of  other  volatile  natter 
being  produced.  The  loss  of  weight  in  (his 
process  must  be  careftilly  noted;  and  if  it 
amount  to  50  grains  in  400  of  the  soil,  tfab 
may  be  considered  as  in  the  greatest  decree 
absorbent  and  retentive  of  water,  and  will 
generally  be  found  to  contain  a  large  prapor- 
tion  of  aluminous  earth :  if  the  loas  be  net 
more  than  10  or  20  grams,  the  land  may  be 
considered  as  slightly  absorbent  and  ictentiTe^ 
and  the  siliceous  earth  as  most  abandanL 

a  None  of  the  loose  stones,  gravel,  or  laioe 
vegetable  fibres,  should  be  squurated  from  tbe 
soil,  till  the  water  is  thus  expelled ;  for  these 
bodies  are  often  highly  absorbent  and  relos. 
tive,  and  consequently  influence  the  fertility  of 
the  land.  But  after  the  soil  has  been  heated 
as  above,  these  should  be  separated  by  the 
sieve,  after  the  soil  has  been  g^tly  bruised  in 
a  mortar.  The  weights  of  the  vegetable  fibres 
or  wood,  and  of  the  sravel  and  stones,  should 
be  separately  noted  down,  and  the  nature  of 
the  latter  ascertained :  if  they  be  cakareows. 
they  will  effervesce  with  adds ;  if  siliceous, 
th^  will  scratch  glass;  if  aluminotts,  tfaey 
will  be  soft,  easUy  scratched  with  a  knife,  and 
incapable  of  effervescing  with  adds. 

4.  Most  soils,  besides  stones  and  gravel, 
contain  larger  or  smaller  proportions  of  sand 
of  different  degrees  of  fineness ;  and  the  next 
operation  necessary  is  to  separate  this  sand 
from  the  parts  more  minuidy  divided,  audi  as 
day,  loam,  marl,  and  vegetable  and  animal 
matter.  This  may  be  done  suffidcntiy  by 
mixing  the  soil  weU  with  water;  as  the  ooaiae 
sand  will  generally  fall  to  the  bottom  m  tbe 
space  of  a  minute,  and  the  finer  in  two  or 
three ;  so  that  by  pouring  the  water  off  after 
one,  two,  or  three  minutes,  the  sand  wiH  be 
for  the  most  part  separated  from  the  other 
substances ;  which,  with  the  water  containing 
them,  must  be  poured  into  a  filter.  After  the 
water  has  passed  through,  what  remaina  on 
the  filter  must  be  dried  and  wdgbed ;  as  must 
also  the  sand ;  and  their  respective  quantities 
must  be  noted  down.  Hie  water  muai  be 
preserved,  as  it  will  contain  the  saline  matter, 
and  the  soluble  animal  or  vi^taUe  matter,  if 
any  existed  in  the  soiL 

5.  A  minute  analyslB  of  the  sand  thus  ae-. 
parated  is  sddom  or  never  necessary,  and  its 
nature  may  be  detected  in  the  same  way  as 
that  of  the  stones  and  graveL  It  is  always 
siliceous  sand,  or  calcareous  sand,  or  both 
together.  If  it  consist  wholly  of  carbonate  of 
lime,  it  will  dissdve  rapidly  in  muriatic  acid 
with  effervescence ;  but  if  it  oondsts  partly  of 
this  and  partly  of  stlioeous  matter,  a  reaidnum 
will  be  left  after  the  add  has  ceased  to  act  on 
it,  the  acid  being  added  UIl  the  mixture  has  a 
sour  taate,  and  has  ceased  to  efiisrvesee.  This 
residuum  is  the  siliceous  part ;  which  being 
waahed,  dried,  and  heated  strongly  in  a  cru- 
dble,  the  difference  of  its  weight  from  that  of 
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,  win  mdiaile  the  quantity  of  the 
akueoas  nnd. - 

6L  The  finely  divided  matter  of  the  soil  is 
imaUy  Tery  oompoond  in  its  nature;  it 
MBM^mn  contains  aQ  the  four  prinutiye 
esidia  of  sofls,  as  well  as  animal  and  vege- 
tahle  matter  ;  and  to  ascertain  the  proportions 
of  these  with  tolczable  aocoracy  is  the  most 
difficalt  part  of  the  subject.  The  first  process 
to  be  petftmed  in  this  part  of  the  analysis  is 
die  czpoBme  of  the  fine  matter  of  the  soil  to 
die  scdoa  of  muriatic  add.  This  add,  di. 
loSed  with  double  its  bulk  of  water,  should  be 
poured  upon  theearthy  matter  in  anevaporat. 
mg  baan,  in  a  quantity  equal  to  twice  the 
w^ht  of  the  ewthy  matter.  The  mixture 
iboiild  be  often  atined,  and  sufi^nd  to  remain 
kr  an  bo«,  or  an  hour  and  half,  befcte  it  is 
ciammfd-  If  any  cszbonate  of  lime,  or  of 
magnfsiai  exist  in  the  soil,  ther  will  have  been 
diasolved  in  this  time  by  the  add,  wluch 
sometimes  takes  up  likewise  a  little  oxide  of 
iiOD,  bat  Toy  seldom  any  alumina.  The  fluid 
shoiJd  be  passed  through  a  filter^  the  solid 
soatter  collected,  washed  with  distilled  or  rain 
vatcr,  dried  at  a  moderate  heat,  and  weighed. 
Ito  loss  win  denote  the  quantity  of  solid  mat- 
ter  taken  npi.  The  washings  must  be  added 
to  the  solurion ;  which,  if  not  sour  to  the  taste, 
Bust  be  made  so  by  the  addition  of  fresh  add ; 
•ad  a  little  aolution  of  pnissiate  of  potash 
aasK  be  mixed  with  the  liquor.  If  a  blue 
piedpitate  occur,  it  denotes  the  presence  of 
eddeof  iron,  and  the  solution  of  the  pnissiate 
most  be  dropped  in,  till  no  further  effect  is 
indaoed.  To  ascertain  its  quantity,  it  must 
be  celkcfBd  on  a  filter  in  the  same  manner  as 
lbs  other  solid  pcedpitates,  and  heated  red : 
tbe  mok  win  be  oxide  of  iron.  Into  the  fluid 
And  from  oxide  of  iron,  a  solution  of  car. 
iKsste  of  potash  must  be  poured,  till  aU  efibr. 
i«MBice  ceases  in  it,  and  till  its  tsste  and  smell 
Bdicaie  a  considerable  excess  of  alkaline  salt 
^hepredpitate  that  falls  down  is  carbonsteof 
liBDe,  which  must  beeoQected on  a  filter, dried 
St  a  heat  bdow  that  of  redness,  and  aftoward 
wd^ied.  The  lemainiog  fluid  must  be  boiled 
Ik  a  quarter  of  an  hour,  when  the  magnesia, 
if  there  be  any,  will  be  predpitated  combined 
viih  cartxioic  acid,  and  its  quantity  must  be 
sseenained  in  the  same  manner  m  that  of  the 
eobeoale  of  lime.  If  any  minute  proportion 
of  alumina  should,  from  peculiar  ciicum- 
stsnees,  be  dissolved  by  the  add,  it  wiU  be 
fiDund  in  tbe  predpitate  widi  the  carbonate  of 
iJme,  and  it  noay  be  sepsrated  from  it  bv 
boihiig  for  a  few  minutes  with  soap  lye  sufn- 
oeat  10  cover  the  solid  matter :  for  this  lye 
diMohes  alumina,  without  acting  upon  car- 
boaateoflime.  Should  the  findy  divided  sofl 
be  sidBdcntly  calcareous  to  effervesce  very 
ttrsngly  with  adds,  a  simple  method  of  ascer- 
tsitiiy  the  quantity  of  carbonate  of  lime,  sufii- 
Qeotly  aocorate  in  aU  common  esses,  may  be 


adopted.  As  carbonate  of  Ume  in  aU  its  states 
contains  a  determinate  quantity  of  add,  which 
is  about  44  parts  in  a  hundred  by  weight,  the 
quantity  of  this  add  given  out  during  the 
eflfervescenoe  occasioned  by  its  solution  in  a 
stronger  add  will  indicate  the  quantity  of 
carbcmate  of  lime  present.  Thus,  if  you 
weigh  separstdy  one  part  of  the  matter  of  the 
soil,  and  two  parts  of  the  add  diluted  with  an 
equal  quantity  of  water,  and  mix  the  add 
slowly  m  small  portions  with  the  soil,  till  it 
ceases  to  occasion  any  effervescence,  by  weigh- 
ing the  mixture,  and  the  add  that  remains, 
you  will  find  the  quandty  of  carbonic  add 
lost ;  and  for  every  four  grains  and  hslf  so 
lost,  you  will  estunate  ten  grains  of  carbonate 
of  lime.  You  may  also  collect  the  carbonic 
add  in  the  pneumatic  apparatm  pr  tke 
onalytii  ofioUt,  described  in  the  srticle  La- 
bobatort;  and  allow  for  every  ounce 
measure  of  the  carbonic  add,  two  grains  of 
carbonate  of  lime. 

7.  The  quantity  of  insoluble  animal  and 
vegetable  matter  may  next  be  ascertained  with 
sumdent  preddon,  by  heating  it  to  a  stnmff 
red  heat  in  a  crucible  over  a  common  fire,  tifl 
no  blackness  remains  in  the  mass,  stirring  it 
fluently  meanwhile  with  a  metallic  wire. 
The  loss  of  wdght  will  ascertain  the  quantity 
of  animal  and  vegetable  matter  there  was,  but 
not  the  proportions  of  each.  If  the  smeU 
emitted,  during  this  process,  resemble  that  of 
burnt  feathers,  it  is  a  certain  indication  of  the 
presence  of  some  snimal  matter ;  and  a  copious 
blue  flame  almost  always  denotes  a  consider- 
able  proportbn  of  vegetable  matter.  Nitrate 
of  ammonia,  in  the  proportion  of  twenty 
grains  to  a  hundred  of  the  residuum  of  the 
soil,  wiU  greatly  acceloate  this  process,  if  the 
operator  be  in  hsste;  snd  not  s&ct  the  resilt, 
as  it  will  be  decomposed  and  evaporate. 

8.  What  remains  after  this  uecompodtion 
of  the  vegetable  and  aiumal  nuttter  consists 
genersHy  of  minute  psrtides  of  earthy  matter, 
which  are  usually  a  mixture  of  mlumina  and 
silex  with  oxide  of  iron.  To  separate  these, 
boO  them  two  or  three  hours  in  sulphuric 
add  diluted  with  four  times  iu  weight  of  wa- 
ter, allowing  a  hundred  and  twenty  grains  of 
add  for  every  hundred  grains  of  the  residuum. 

If  any  thing  remain  undissolved  by  this 
add,  it  may  be  considered  ss  sUex,  and  be 
separated,  washed,  dried,  and  weighed  in  the 
usual  manner.  Carbonate  of  ammonia  b^ing 
added  to  the  solution  in  quantity  more  than 
sufficient  to  saturate  the  and,  the  sluminawiU 
be  predpitated ;  and  the  oxide  of  iron,  if  any, 
may  be  separated  ftom  the  remabing  liquid 
by  boiling  it  It  scarcely  ever  happens  that 
any  magnesia  or  lime  escapes  solution  in  the 
muriatic  add;  but  if  it  should,  it  will  be 
found  in  the  sulphuric  add ;  from  which  it 
may  be  separated  as  directed  above  for  the 
muriatic.    This  method  of  analysis  is  sufii' 
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tSmikf  pwehi  fix  all  eoBmoa  paipoioi  s  bm 
if  very  great  accuracy  be  an  object,  the  xesi. 
cUmm  afiex  the  iodnexation  must  be  treated 
with  potaih,  and  in  the  manner  in  which 
stooef  are  analyaed,  aa  given  in  the  first  part 
of  this  article. 

9.  If  the  soil  contained  any  salts,  or  soluble 
vegetable  or  animal  matter,  they  will  be  found 
in  the  water  used  for  separatiDg  the  sand. 
This  water  must  be  evaporated  to  dryness  at  a 
heat  below  boiling.  If  the  solid  matter  left 
be  of  a  brown  colour,  and  inflammable,  it  may 
be  considered  ss  paitly  vegetable  extract.  If 
its  smell,  when  expoaedtoheat,  be  strong  and 
fetid,  it  contains  animal,  mucilaginous,  or  ge. 
latinooB  matter.  If  it  be  white  and  trans- 
parent, it  may  be  considered  as  principally 
saUne.  Nitrate  of  potash  or  of  lime  is  indicated 
in  this  saline  matter  by  its  sparkling  whea 
thrown  on  burning  coals :  sulphate  Si  mag- 
nesia may  be  detected  by  its  bitter  taste ;  and 
sulphate  of  potssh  produces  no  alteration  in  a 
solution  of  carbonate  of  ammonia,  but  pre- 
cipitates a  solution  of  muriate  of  barytes. 

10.  If  sulphate  or  phosphate  of  lime  be 
suspected  in  the  soil,  a  particular  process  is 
requisite  to  detect  it  A  given  weight  of  the 
entire  soil,  as  four  hundred  grains  for  instance, 
must  be  mixed  with  one-third  as  much  pow- 
dered charcoal,  and  kept  at  a  red  heat  in  a 
crucible  for  half  an  hour.  The  mixture  must 
then  be  boiled  a  auarter  of  an  boiir  in  half  a 
pint  of  water,  and  the  solution,  being  filtered, 
exposed  some  days  to  the  open  air.  If  any 
notable  quantity  of  sulphsle  of  lime,  or  gyp- 
sum, existed  in  the  soil,  a  white  precipitate 
will  graduallv  form  in  the  fluid,  and  the  weight 

.  ai  it  will  indicate  the  proportion. 

Phosphate  of  lime,  if  any  be  present,  may 
be  ieparated  fitom  the  soil  aAcr  the  procesafor 
gypsum.  Muriatic  acid  must  be  digested  upon 
the  soil  in  quantitv  more  than  sufficient  to 
saturate  the  sdluble  earths.  The  solution 
must  be  evaporated,  and  water  poured  upon 
the  solid  matter.  This  fluid  will  dissolve  the 
compounds  of  earths  with  the  muriatic  add, 
and  leave  the  phosphate  of  lime  untouched. 

11.  When  the  examinarion  of  a  soil  is  com- 
pleted,  the  products  should  be  dassed,  and 
their  quantities  added  together ;  and  if  they 
nearly  equal  the  original  quantity  of  soil,  the 
analjfsu  may  be  considered  ss  accurate.  It 
must  however  be  observed,  that  when  phos- 
phate or  sulphate  of  lime  is  discovered  by  the 
independent  process,  Na  10,  just  mentioned, 
a  correction  must  be  made  for  the  general  pro- 
cess by  subtxactiDg  a  sum  equ^  to  then; 
weight  from  the  quantity  of  carbonate  of  lime 
obtained  by  predpitation  from  the  muriatic 
add.  In  arranging  the  products,  the  form 
should  be  in  the  order  of  the  eiqieriments  by 
which  th^  are  obtained.  Thus  400  grains  of 
a  good  silioeotts  sandy  soil  maybe  supposed  to 


OfwaterofabsorptioB,        ...     18 
Of  loose  stones  and  gam^  prinripaWy 

siliceous, 42 

Of  undecompounded  vegetable  fibres,    •    lO 
Of  fine  siliceous  ssnd,  .        •        •  900 

Of  minutdy  divided  matter,  separated  by 
filtration,  and  consisting  of  ^- 
Carbonate  of  lime,    .        .        .26 
Carbonate  of  magnesia,  4 

Matter  destructible  by  heat,  prin. 
dpally  vqietable^  19 

Silex, 40 

Alumina,         ...        .32 
Oxideof  iron,  ...      4 

Soluble  matter,  prindpally  sul- 
phate of  potesh  snd  vqgelabk 
extract,         ....      5 
Oypeum,  .        .        .        •      S 

Phosphate  of  lime,    ...      2 

—  125 

Amount  of  all  the  pradocla,      386 
Loss,        ....  6 

400 

In  this  instance  the  loss  is  snppOMd  mall; 
but  in  genersli  in  actual  experiments,  it  will 
be  found  much  greater,  in  consequence  of  the 
difficulty  of  collecting  the  whole  quantities  of 
the  different  predpitales ;  and  when  it  ia  within 
thirty  for  four  hundred  grains,  there  is  no  rea- 
son to  suspect  any  want  of  due  precision  in  the 
processes. 

12.  When  the  experimenter  ia  become  ac- 
quainted with  the  use  of  tibe  difiereot  instru- 
ments, the  properties  of  the  reagents,  and  the 
reUtions  between  the  external  and  chemical 
qualities  of  soils,  he  will  seldom  find  it  neces- 
sary to  perform,  in  any  one  caae*  all  the 
prooesses  that  have  been  described.  Whenhia 
soil,  for  instance,  contains  no  notable  pro- 
portion  of  calcareous  matter,  the  action  of  the 
muriatic  add.  No.  6.  may  be  omitted :  in 
examining  peat  soils,  he  will  priodpaUy  have 
to  attend  to  the  operation  by  fire  and  air. 
No.  7* ;  Aod  in  the  analysis  of  chalks  and 
loams,  be  will  often  be  sble  to  omit  the  expe- 
riment with  sulphuric  add.  No.  8* 

In  the  first  trials  that  are  made  by  pensona 
unacquainted  widi  chemistry,  they  must  not 
expect  much  precision  of  result.  Many  dif- 
ficulties will  be  met  with ;  but  in  overcoming 
them  the  most  useftil  kind  of  practical  know- 
ledge will  be  obtained ;  and  nothing  ia  so  in- 
structive in  experimental  sdence  as  the  detec- 
tion of  mistakes.  The  corrBCt  analyst  ought 
to  be  well  grounded  in  general  chemical  in* 
formation;  but  perhi^M  there  is  no  better 
mode  of  gaining  it  than  that  of  attemptog 
original  investigations.  In  pumiiog  hia  ex- 
periments,  he  will  be  continually  obliged  to 
Isam  fiom  books  the  history  of  the  subotanoes 
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kebcniBlojii^oractiDgiipoii;  andhbtbeo* 
vecical  ioew  will  be  more  -rafaubU  in  being 
ooBneeled  with  pncdcal  opomtioo,  and  ac- 
^oixed  fior  the  purpote  of  diaooroy. 

Tlie  mulifMis  qf  vegetahla  lequiras  varioui 
manipnlafiona,  and  peculiar  attendon,  aa  their 
prindples  are  eztrsmely  liable  to  be  iJtered  bv 
the  proefeSMa  to  which  they  are  aubjected.  it 
waa  kmg  befine  thia  aoalTBis  waa  brought  to 
any  degne  of  perfectioo. 

Some  of  the  immediate  materiala  of  vcge. 
taUea  are  separated  to  oar  bandi  by  Nature  in 
a  state  of  greater  or  leas  purity,  as  tlie  guma, 
sesxDft,  and  balsams,  that  exude  from  plants. 
The  expressed  juices  contain  yarious  matters, 
that  maj  be  separated  by  the  appropriate  re- 
agents.  Maceration,  infusion,  and  deooctioo 
in  water,  take  up  certain  parts  soluble  in  this 
menatruum;  and  alcohol  will  extract  others 
that  water  will  not  diasoWe.  The  mode  of 
acparating  and  distinguishing  these  materiala 
will  easily  be  collected  from  their  characten, 
as  gireo  nnderthe  head  Vegetable  Kma- 
i>ojf,  and  under  the  different  articles  them- 
sdves. 

As  the  altimate  constituents  of  all  Tegetable 
sabstaneea  are  carbon,  hydrogen,  and  oxysen, 
vith  oocaadooally  axote,  the  problem  of  meii 
final  analyais  resolves  into  a  method  of  asoer- 
taining  the  proportion  of  these  dementaiy 
bodies.  MM.  Oay  Lussac  and  Thenard  con- 
triTed  a  very  elegant  apparatus  for  vegetable 
and  animal  analysis,  in  which  the  matter  in  a 
dcied  state  waa  mixed  with  chlorate  of  potash, 
aod  formed  into  minute  pellets.  These  pellets 
beiog  projected  through  the  intervention  of  a 
itop-eock  of  peculiar  structure  into  an  ignited 
Slus  tube,  were  instantly  resolved  into  carbonic 
add  and  water.  The  former  product  was  re- 
eeived  over  mercury,  and  estimated  by  its  oon- 
deosatioo  with  potash ;  the  latter  waa  inter, 
ccpted  by  ignited  muriate  of  lime,  and  waa 
nocasured  by  the  increase  of  weight  which  it 
eommunicates  to  this  substance.  By  previous 
tiiali,  the  quantity  of  oxygen  whidi  a  given 
veight  of  toe  chhwate  ti  potaah  yidd^  by 
ignition  waa  known;  and  hence  the  carbon, 
hydrogen,  and  oxygen,  derived  from  the  or. 
gmic  substance,  as  well  as  the  residual  aaote, 
of  the  gaseous  productis. 

H.  Berzelius  modified  the  above  i^paimtus, 
and  cniploved  the  organic  product  in  combi- 
nation with  a  base,  generally  oxide  of  lead. 
He  mixed  a  certain  weight  of  this  neutral  com- 
pound with  a  known  quantinr  of  pure  chlorate 
of  potaah,  and  triturated  the  whole  with  a 
W^  quantity  of  muriate  of  soda,  for  the  pur- 
pose  of  modemting  the  subsequent  combustion. 
This  mingled  dry  powder  is  put  into  a  glass 
bibe  about  half  ui  inch  diameter,  and  eight  or 
ten  inehea  long,  which  is  partially  endoscd  in 
a  fold  of  tin-plate,  hooped  with  iron  wire. 
One  end  of  the  tube  is  hermetically  sealed 
bdbidMDd,  the  other  is  now  drawn  to  a  pretty 
Hoc  point  by  the  blowpipe.    Thia  termfaiation 


la  maertfld  Into  a  ^bn  gjlobt  abovt  n  inch 
diameter,  which  joins  it  to  a  loiig  tube  con- 
taining dry  nuniate  of  lime  in  its  middle,  and 
dipping  at  iu  other  extremity  into  the  mercury 
of  a  pneumatic  trough.  The  first  tube,  with 
its  protecting  tin  case,  being  exposed  gradually 
to  ignition,  the  endosed  materials  are  resolved 
into  carbonic  add,  water,  and  asote,  which 
come  over,  and  aro  estimated  as  above  de- 
scribed.  M.  Gay  Lussac  has  more  recently 
employed  peroxide  of  copper  to  mix  with  tlie 
organic  substance  to  be  analyzed;  because 
while  it  yields  its  oxygen  to  hydrogen  and 
carbon,  it  is  not  acted  on  by  azote ;  and  thus 
the  errors  resulting  from  the  formatian  of  nitric 
add  with  the  chlorate  of  potash  are  avoided. 
Berselius  has  afforded  satisfactory  evidence  bv 
hia  analyses,  that  the  dmple  apparatus  which 
he  employed  is  adequate  to  every  purpose  of 
cfaemiad  research.  Dr.  Prout  has  described, 
hi  the  Annals  of  Philosophy  for  March  1820, 
a  very  neat  form  of  apparatus  for  completing 
analysis  of  organic  substances  with  the  heat  S 
a  hunp.  Hydrogen  bavins  the  power  in 
minute  Quantities  of  modifymg  the  constitu* 
tion  of  me  oiganic  bodies,  requires  to  be  esti- 
mated with  corresponding  minuteness.  Mr. 
Porrett  has  very  ingeniously  suggested,  that 
its  quantity  mav  be  more  accuratdy  determined 
by  the  proportion  of  oxide  of  copper  that  iB 
revived,  than  by  the  product  of  water.  Dilate 
sulphuric  add  being  dieted  on  the  residual 
cupreous  powder  will  mstantly  dissolve  the 
oxide,  and  leave  the  reduced  metal;  whose 
wei^t  will  indicate,  by  the  scale  of  ecjuivalents, 
theliydrogen  expended  in  its  reduction.  One 
of  hydrogen  corresponds  to  9  of  water,  and  to 
32  (tt  copper. 

From  my  experiments,  I  find  that  this  pro- 
posal ^  Mr.  Pooett  will  not  suit  in  pr^^nioe, 
for  much  of  the  peroxide  of  copper  ia  occa- 
sionally reduced  merdy  to  the  state  of  prot- 
oxide. 

Under  the  difibrent  vegetable  and  animal 
products,  we  shall  take  care  to  state  their 
ultimate  constitoents  by  the  most  correct  and 
recent  analysis.  The  peculiar  substancea  which 
water,  alcohol,  ether,  and  other  solvents,  can 
separate  from  an  orgMiic  body,  may  be  called 
the  unmediate  products  of  the  vegetable  or 
animal  kingdom ;  while  the  carbon,  hydrogen, 
oxygen,  and  azote^  disooveiable  by  igneous 
analysis,  are  the  ultimate  constituent  dements. 
To  itit  former  class  belong  sugar,  gum,  staxch. 
oils,  resins,  gelatin,  urea,  oi^anicadds,  ana 
alkalies,  &c.  which  see. 

The  following  account  of  my  mode  of  exe- 
cuting the  ultimate  analysis  of  organic  pro- 
ducts is  extracted  from  a  paper  which  the 
Royal  Sodety  did  me  the  honour  to  insert  in 
their  Transactions  for  1822. 

The  improvemento  latdy  introduced  into 
the  analysis  of  vegetable  and  animal  com- 
pouiHlf,  with  the  investiffation  of  the  equi« 
Talent  ratios^  in  whidi  their  constituent  de- 
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nmtii  oMboD,  hydngen^  oxygcOy  and  uote 
«ie  Miodiited,  bafie  thiown  an  unexpected 
light  into  this  fbnneiiy  obsciue  province  of 
chemical  tdence.  While  the  subetittttion  by 
M.  Gay  liussac,  of  black  oxide  of  copper  for 
the  dilorate  of  potash,  has  given  peculiar  fa- 
cilitT  and  eleeance  to  anhnal  analysis,  it  may 
be  doubted  whether,  in  those  cases  where  the 
main  object  of  inqairy  is  the  proportion  of 
carbon,  it  has  not,  frequently,  led  to  fallacious 
results.  As  the  quantity  of  this  dement  is  in- 
ftrred  from  the  volume  of  carbonic  add  evolved 
in  the  decomposition  of  the  organic  matters, 
mch  of  their  particles  as  happen  not  to  be  in 
immediate  contact  with  the  cupreous  oxide, 
win  lemain  unconverted  into  carbonic  acid; 
and  thus  the  proportion  of  carbon  will  come  to 
be  underrated ;  an  accident  which  cannot  occur 
with  chlorate  of  potash,  since  the  carbonaceous 
matter  is  here  plunged  in  an  ignited  atmo- 
rohere  of  oxygen.  It  is  probably  to  this  cause 
that  we  must  refer  the  discrepant  results  in  tfie 
analysis  of  pure  sugar,  between  MAI.  Gay 
Lttssac,  Thenard,  and  Berzelius,  on  the  one 
hand,  and  Dr.  Prout,  on  the  other ;  the  foimer 
sentlemen  assigning  about'  43  parts  in  the 
nundred  of  carbon,  while  the  latter  states  the 
carbon  at  only  40. 

The  objects  of  the  present  paper  are,  first, 
to  indicate,  and  endeavour  to  remove  several 
Boorces  of  fallacy  attending  the  method  with 
peroxide  of  copper ;  and  next,  to  exhibit  the 
results  of  its  application  to  a  considerable 
series  of  vegetable  and  animal  compounds. 

Peroxide  of  copper,  prepared  by  igniting 
the  pure  nitrate  of  this  metal,  is,  like  yellow 
oxioe  of  lead,  and  many  other  metallic  oxides, 
veadily  absorbent  of  a  small  portion  of  hu- 
midity fiom  the  air,  the  quantity  of  which  de- 
pend!, in  some  measure,  on  the  length  of  time 
during  which  it  has  snared  isnition.  If  ex- 
posed to  a  red  heat,  merdy  tiU  the  vapours  of 
nitric  add  are  expelled,  100  grains  of  the 
oxide  will  absorb,  in  the  ordinary  state  of  the 
atmosphere,  from  one-tenth  to  two-tenths  of  a 
grain  of  moisture  in  the  space  of  an  hour  or 
two ;  and  about  one-half  of  the  above  quan> 
tity  in  a  very  few  minutes.  The  French  die- 
mists,  who  have  operated  most  with  this  agent, 
seem  to  be  weU  aware  of  this  drcumstance,  for 
th^  dheet  the  peroxide  to  be  used  dbmedi- 
atay  after  ignition,  and  to  be  triturated  with 
the  organic  matter  in  a  hot  mortar  of  agate  or 
glass.  Yet  this  precaution  will  not  entirely 
prevent  the  fallacy  arising  from  the  hygromc- 
tiic  actioD ;  for  I  find  that  peroxide  thus  treated 
does  absorb,  during  the  long  trituration  es- 
sential to  the  pocess,  a  certain  quantity  of 
moisture,  which,  if  not  taken  into  account, 
will  produce  serious  errors  in  the  analytical 
results.  It  is  better  therefore  to  leave  die 
powdered  peroxide  intended  for  research  ex. 
poaed  for  sudi  time  to  the  air  as  to  bring  it  to 
hTgrometric  repose,  then  to  put  it  up  in  a 
phfil,  and  by  igniting  one  hundred  gnuns  of 


it  in  a  proper  glass  tube,  sealed  at  one  end,  and 
loosdy  dosed  with  a  ^ass  plug  at  the  odxr,  to 
determine  the  proportion  of  moisture  which  it 
contains.  This,  then,  indicates  the  constant 
quantity  to  be  deducted  from  the  loss  of  weight 
which  die  peroxide  suffers  in  die  comse  of  the 
experiment  The  mortar  diould  be  perfectly- 
dry,  but  not  warm. 

Experimenters  have  been  at  great  palna  to 
bring  the  various  organic  objects  of  researdi  to 
a  state  of  thorough  desiccation  before  mixing 
them  with  the  peroxide  of  copper ;  but  thi« 
pracdoe  introduces  a  nmilar  fallacy  to  diat 
above  described.  We  ought,  dierelbre,  afber 
having  made  them  as  dry  as  possible  by  the 
joint  agendes  of  heat,  and  an  absorbent  anr- 
iaoe  of  sulphuric  add  in  vacua,  to  expose  them 
to  the  air  till  they  slso  come  into  hygiomctric 
repose,  noting  the  quantity  of  moisture  which 
they  imbibe,  that  it  may  be  afterwards  allowed 
for.  The  plan  which  I  adopt  for  the  purpose 
of  desiocadon  seems  to  answer  very  wdL 
Having  put  the  pulverulent  animal  or  vcge- 
table  matter  into  diort  phials,  ftirnished  with 
ground  glass  stoppers,  I  place  the  open  phials 
in  a  large  quantity  of  sand,  heated  to  212*  F. 
in  a  poicdain  capsule,  and  set  this  over  a  aur- 
faoe  of  sulphuric  add  in  an  exhausted  reedver. 
After  an  hour  or  more  the  receiver  is  removed, 
and  the  phials  instandy  stopped.  The  loss  of 
weight  shows  the  total  moisture  whidi  each  of 
them  has  parted  with ;  while  die  subsequent 
increase  of  thdr  weight,  after  leaving  them 
unstopped  for  some  time  in  tlie  open  air,  indi- 
cates  the  amount  of  hygrometric  abso^on. 
This  is  consequendy  the  quanti^  to  be  de- 
ducted in  calculating  experimental  results. 

Alany  chemists,  particularly  in  this  coun- 
try,  have  employed  the  heat  of  a  spirit-Iampi, 
instead  of  that  produced  by  the  combustion  of 
charcoal,  for  igniting  the  tube  in  which  the 
mixed  materials  are  placed.  I  have  compared 
verr  careftiUy  both  methods  of  heating,  and 
find  that  for  many  bodies,  such  as  coal  and 
resin,  which  sbound  in  carbon,  the  flame  of  the 
lamp  is  insufiident ;  wliile  its  application  being 
confined  at  once  toa  small  portion  of  the  tube, 
that  uiiiform  ignition  of  the  wliole,  desirable 
towards  the  dose  of  the  experiment,  cannot  be 
obtained.  I  was  hence  l«i  to  contrive  a  pe- 
culiar form  of  fomace,  in  which,  with  a  hand- 
fol  of  charcoal,  reduced  to  bita  about  the  size 
of  small  filberts,  an  experiment  may  be  com. 
pleted  without  anxiety  or  trouble,  in  the  spaee 
of  half  an  hour.  Since  I  have  operated  with 
this  instrument,  the  results  on  the  same  body 
have  been  much  more  consistent  than  those 
previously  obtained  with  the  lamp ;  and  it  is 
so  convenient,  that  I  have  sometimes  finished 
dght  experiments  in  a  day. 

Fig.  1.  (Phite  VI.)  represenu  die  whole 
apparatus,  as  when  in  action.  Fig.  2.  is  a 
horizontal  section  of  the  furnace,  in  which  we 
percdve  a  semi-qrllnder  of  thin  sb6ec-inii» 
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iiifalMlB%  andKsdBgonUiedfgeofahonow 
■rim  «f  rin-platf,  lepicKDted  more  dislincdT 
mSg,3,  wboe  u  shows  a  slit,  through  which 
die  aeakd  end  o£  the  gUwi  tube  may  be  made 
to  pnject.  oo  oocasjon.  i  isahandle attached 
to  the  lemi-cylinder,  by  which  it  may  be  slid 
bickvaida  or  forwards,  and  removed  at  the  end 
of  the  pneess.  d  is  tk  sheath  of  platinum  foil, 
vhich  serres,  by  aid  of  a  wire  laid  across,  to 
nppoit  the  middlff  of  the  tube,  when  it  is 
aofteoed  by  ignitiOD.  At  >?,  the  nlates  which 
doe  the  eaoB  of  the  semi-erUoder  and  tin- 
plate  pdsm,  rise  ap  a  few  inches  to  screen  the 
|HK'!FT»^«i»  i^porattts  ficom  the  heat.  A  third 
ftfiTiiflnal  scveen  of  tin-plate  is  hung  on  at  /• 
An  dwse  are  fumiabed  with  slits  for  the  pass. 
Me  of  the  glass  tube.  This  is  made  of  crown 
l^us,  sod  is  generally  about  9  or  10  inches 
long,  sod  S-lOtbs  of  internal  diameter.  It  is 
rt^tjf^im^  with  the  mercurial  dstem  by  a  nar- 
row tobe  and  caoutchouc  collar.  This  tube 
hss  a  syphon  form,  and  rises  about  an  indi 
wilhin  the  graduated  reodver  at  e*  By  this 
snaagnnent,  should  the  collar  be  not  abso- 
lolciy  air.tigiht»  the  pressure  of  the  column  of 
merany  causea  the  atmospheric  air  to  enter  at 
the  aerioe,  and  bubbles  of  it  will  be  sera 
risbg  up  without  the  application  of  heat  At 
the  end  of  the  operation,  the  point  of  the  tube 
e  h  slways  left  above  the  sunace  of  the  mer- 
eoiy,  the  quantity  of  organic  matter  employed 
faciagsud  as  to  produce  from  G  to  7  cubic 
indM  of  gaseous  product,  the  volume  of  the 
gn^MtH  receiver  being  7  cubic  inches. 

As  the  tubes  widi  wnich  I  operate  have  all 
die  some  capacity,  viz.  half  a  cubic  inch ;  and 
ss  the  balk  of  matfrials  is  the  same  in  aU  the 
cacpcrimentsy  one  experiment  on  the  analysis 
of  agar  or  xesin  gives  the  volume  of  atmo- 
splKric  air  due  to  the  appaiatus ;  which  volume 
■  a  constant  quantity  in  the  same  circum- 
staofoea  of  ignidon.  And  since  the  whole  ap- 
paratns  is  always  allowed  to  cool  to  the  atmo- 
spfccxic  temperature,  the  volume  of  residual  gas 
in  the  tabes  comes  to  be  exacdy  known,  being 
equal,  very  nearly,  to  the  primitive  volume  of 
atmospheric  air  left  after  the  absorption  of  the 
carbonic  acid  in  the  sugar  or  resin  experi- 
ment *.  Thus  this  quantity,  hitherto  ill  appre- 
ciated or  neglected  in  many  experiments, 
thoo^  it  is  of  very  great  consequence,  may  be 
accoiately  found.  At  X:,  fig.  2.  a  little  tin- 
plate  screen  is  shown.  It  is  perforated  for  the 
passage  of  the  tube,  and  may  be  slid  along, 
and  left  at  sny  part  of  the  wmi^cylindric  cage, 
ao  aa  to  preserve  from  the  influence  of  the  heat 
any  requirite  portion  of  the  sealed  end  of  the 
^be.     At  fi^  4.  is  seen  the  shape  of  the  little 


*  If  a  he  die  capacity  of  the  graduated  re- 
ceiver, and  b  the  spare  capacity  of  the  tubes, 

tbeo  tiiesbofe  foinine  is  6—  — --. 
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balh,  into  which  I  introdace  tfaepioper  weight 
of  ether,  alcohol,  naphtha,  or  other  volatile 
liquids,  which  are  destined  for  analysis.  After 
weighing  it  exactly,  it  is  immediately  sHd  down 
to  the  bottom  of  the  tube,  and  covered  with 
150  or  200  grains  of  peroxide  of  copper.  The 
bulb  has  a  capacity  equal  to  3  grain  measures 
of  water,  and  its  capiUary  point  is  sometimes 
dosed  with  an  inappreciably  small  quantity  of 
bees-wax,  to  prevent  the  exhahrtion  of  the 
liquid,  till  the  peroxide  be  ignited. 

6  is  a  cover  to  the  furnace,  with  an  oblong 
orifice  at  its  top.  It  serves  for  a  chimney,  and 
may  be  iq>plied  or  removed  by  means  of  its 
handle,  according  as  we  wish  to  increase  or 
diminish  the  heat*  cc  are  tin  cases  enclosfaiir 
corbsthrough  which  the  iron  winaaie  paassC 
that  supjport  the  whole  furnace  at  any  conve- 
nient height  and  angle  of  inclination. 

The  tightness  of  the  apparatus  at  the  end 
of  the  process  is  proved  by  the  rising  of  the 
mercury  in  the  graduated  receiver,  by  about 
one  tenth  of  an  inch,  as  the  tube  beoonaes 


[y  mode  of  operating  with  the  pcnndde  of 
copper  is  the  following : 

T  triturate  very  carefully  in  a  dry  g^aas 
mortar,  from  1  to  2}  grains  of  the  matter  to 
be  analyzed,  with  fitom  100  to  140  grama  of 
the  oxide.  I  then  transfer  it,  by  means  of  a 
platinum-foil  tray  and  small  glass  funnel,  into 
the  glass  tube,  clearing  out  ue  mortar  with  a 
metallic  brush.  Over  that  mixture  I  put  20 
or  30  grains  of  the  peroxide  itself^  and  next, 
50  or  $0  grains  of  clean  copper  filines.  The 
remaining  part  of  the  tube  is  loosdy  closed 
with  10  or  12  grains  of  amianthus,  by  whdie 
capillary  attraction  the  moisture  evolved  in  ihe 
eiq)eriment  is  rapidly  withdrawn  from  the 
hot  part  of  the  tube,  and  the  rule  of  its  ^ac- 
lure  thus  completely  obviated.  The  amian- 
thus serves  moreover  as  a  plug,  to  prevent  the 
projection  of  any  minute  particles  of  filingSi 
or  of  oxide,  when  the  filings  are  not  present. 
The  tube  is  now  weighed  in  a  very  delicate 
balance,  and  its  weight  is  written  down.  A 
little  cork,  channelled  at  its  side,  is  next  put 
inlo  the  tube,  to  prevent  the  chance  ef  mcicui^ 
being  forced  badcwards  into  it,  bv  any  acci- 
dental cooling  or  condensation.  The  collar  of 
caoutchouc  is  finally  tied  on,  and  the  tube  is 
placed,  as  is  shown  in  fig.  2.  but  without  the 
plate  k,  which  is  employed  merely  in  the  case 
of  snalyzing  volatile  liquids.  A  few  fragments 
of  ignited  charcoal  are  now  placed  under  the 
tube,  at  the  end  of  the  furnace  next  to  the  ds- 
tem, and  the  remaining  space  in  the  semi- 
cylinder  u  filled  up  with  bits  of  cold  charcoal* 
The  top,  by  may  then  be  put  in  its  plsoe,  when 
the  operation  w31  proceed  spontaneously,  the 
progressive  advance  of  the  ignition  from  one 
end  to  the  other  being  proportioned  to  the  ex- 
pansion of  glass,  so  that  the  tube  very  seldom 
cracks  in  the  process.  Indeed  I  have  onen  used 
the  same  tube  for  a  dozen  experiments,  in  the 
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of  whidi  it  benme  oooYerted  into  die  wiil  fauywn  fomnibi  fram  my  tdile  «f  tfie 
vUrUe,  at  Reaumm^B  porcdain.  elastic  force  of  steam,  wfaicfa  the  Royal  Sode^ 
Since  the  evolved  gas  is  satarated  with  did  me  the  honoar  to  publish  in  their  Trans- 
moisture,  I  reduce  it  to  the  volume  of  dry  gas,  actions  for  the  year  1818. 
by  help  of  the  following  table,  computed  by 


Tempera- 
ture. 

HttltipUer. 

Tempenp 
ture. 

MultipUer. 

Tempers- 
ture. 

HttUipUer. 

53PF. 

64 

55 

56 

57 

58 

59 

0.9870 
0.9864 
0.9858 
0.9852 
0.9846 
a9839 
0.9833 

60«F. 

61 

62 

63 

64 

65 

66 

0.9827 
9a20 
9ai3 
9a06 
9799 
97.93 
97.86 

670  F. 

68 

69 

70 

71 

72 

73 

97.79 

9772 

97.65 
0.9758 
0.9751 
0.9743 
0-9735 

In  certain  cases,  where  the  quantity  of  hy- 
drogen is  smal],  or  where,  as  in  Ac  example  of 
Indigo,  its  presence  has  been  denied,  I  employ 
pulverulent  protochbride  of  mercury  (calomel) 
instead  of  peroxide  of  copper.  The  organic 
compound  being  intimately  mixed  with  that 
powder,  and  gently  heated,  the  muriatic  add 
sas  obtamed  demonstrates  the  presence,  though 
half  of  its  volume  will  not  give  the  total 
auantity,  of  hydrof^n;  for  a  proportion  of 
wis  dementsry  body  continues  assodated  with 
oxygen  in  the  state  of  water.  Dry  oxalate  of 
lead,  treated  in  this  way,  yidds  not  the  slight- 
est trace  of  muriatic  acid ;  for,  on  passing  the 
disengaged  gas  through  a  dilute  solution  of 
nitrate  of  silver,  no  predpitation  or  even  cloud 
of  chloride  is  produced.  But  5  grains  of  in- 
digo,  prepared  from  the  deoxidized  solution  of 
the  .dyer's  vat,  and  freed  from  its  lime  and 
redh  by  the  successive  appUcation  of  dilute 
muriatic  add  and  alcohol,  gave  5  cubic  inches 
<^  muriatic  add  gas  when  heated  along  with 
150  grains  of  calomd.  Here  we  have  a  quan- 
tity of  gas  equivalent  to  2^  cubic  inches  of 
hydrogen.  By  means  of  peroxide  of  copper, 
however,  nearly  4  tunes  the  above  quantity  of 
hydrogen  may  be  obtained  from  the  same 
wdght  of  indigo. 

I  shall  now  give  in  detail  one  example  of 
the  mode  of  computing  the  relation  of  the 
constituents  from  the  experimental  results, 
and  shall  then  state  the  other  analyses  in  a 
tobular  form,  subjoining  a  few  remarks  on  the 
habitudes  of  some  pecuuar  bodies. 

1.4  grains  of  sulphuric  ether,  spedfic  gra- 
vity 0.70,  bdng  dowly  passed  in  vapour  from 
the  glass  bulb  through  200  grains  of  ignited 
peroxide  of  copper,  yielded  6.8  cubic  mches  of 
carbonic  add  gas  at  66'*  F.  which  are  equiva- 
lent to  6U^7)28  of  dry  gas  at  60«.  This 
number  bdng  multiplied  by  0.127  =  the 
carbon  in  1  cubic  inch  of  the  gas,  the  product 
0.8345256,  is  the  carbon  in  1.4  gndns  of  ether ; 
and  0.8345256  X  |  =  2.2264  =  the  oxygen 
•quinlent  to  the  carbonic  add.     The  tube 


was  found  to  have  lost  4.78  grains  in  weight, 
0.1  of  which  was  due  to  the  hygrometric  moist- 
ure  in  the  oxide,  and  1.4  to  the  ether.  The 
remainder,  3.28,  is  the  quantity  of  oxygen 
abstracted  from  the  oxide  by  the  combustible 
dements  of  Uie  ether.  But  of  these  3.28 
grains,  2.2254  went  to  the  formation  of  the 
carbonic  add,  leaving  1.0546  of  oxygen,  eqni. 
valent  to  0.1318  of  hydrogen.  Hence,  1.4 
ether,  by  this  experiment,  winch  is  taken  aa 
the  most  satisfactory  of  a  great  nnmber,  seem 
to  consist  of 

Carbon,  0.8345 

Hydrogen,      0.1318 

Water,  a4337 


1.4000 

And  in  1  grain  we  shall  have,— 

Carbon,         0.5960      3  atoms  2.25 

Hydrogen,    0.1^30      4  atoms  0.50 

Oxygen,       0.2710      1  atom  1.00 


60.00 

lass 

26.66 


1.0000  3.76    100.0 

Or,  3  vols  ole£  gas  »  3  X  0.9722  =  2.9166 
2  vap.  of  water      2  X  0.625    =  1.25 

4.1666 
The  proportion  of  the  constituents  of  sul- 
nhuric  ether,  deduced  by  M.  Oay  Lussac 
rrom  the  experiments  of  M.  Th.  de  Saossure, 
are  2  volumes  defiant  gas  +  1  volume  vapour 
of  water,  which  3  volumes  are  condensed  into 
1  of  vapour  of  ether,  having  a  spedfic  gravity 
=  2.58.  The  ether  whidi  I  used  hsd  been 
first  distilled  off  dry  carbonate  of  potash,  and 
then  digested  on  dry  muriate  of  lime,  from 
which  it  was  dinply  decanted,  according  to 
the  injunction  of  M.  de  Saussure.  Wh^er 
my  ether  contained  more  alcoholic  matter  than 
that  employed  by  the  Genevese  philosopher, 
or  whether  the  difference  of  result  ia  to  be 
ascribed  to  the  difference  in  the  mode  of  ana- 
lysis, must  be  dedded  by  fotme  researches. 

By  ansknoos  modes  of  redaction^  the  le- 
Sttlta  were  oMuced  from  my  expcrimcnti.    I 
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oagbc  Iwt  to  itstty  dm  In  iMiijr  OMet  tlM 
miii^ilw,  after  bdng  ig^ted  in  tii6  tnbCf  ond 
tiKB  eookd,  wete  again  triturated  in  the  mor- 
tar, and  aafajected  to  a  aeoond  ignition.  Thua, 
none  of  the  carbon  oould  escape  conTertion 
into  carbonic  acid.  I  waB  aeldom  content 
with  one  experiment  on  a  body :  freqaently 
six  or  eight  were  made. 

ANATASE.  Octohedrite,  oxide  of  tita- 
niam,  mtOe^  and  titane  rutile.  Hib  mineral 
•howB  a  TBriety  of  colonn  bj  reflected  hght, 
from  jadigo-blae  to  reddish-brown.  By  trans- 
micted  light  it  appears  greenish-yellow.  It  is 
fimnd  nsoany  in  small  crystals,  octohedrons* 
with  jaoocelca  triangular  faces.  Stmcture  la- 
mellar; it  18  semitransparent,  or  opaque, 
fragraeoti  aplendent,  adamantine,  scratches 
g^aaa,  Vrittle,  sp.  gr.  3.8&.  It  is  a  pure  oxide 
of  titaniinn.  It  has  been  found  only  in  Dau- 
pbiny  and  Norway ;  and  is  a  very  rare  mineral. 
It  oooon  in  gianite,  gneiss,  mica  slate,  and 


ANDALUSITE.    A  massive  minenO,  of 
a  flesh  and  sometimes  Tose-red  colour.    It  is, 
however,  occasionally  crystallised  in  rectangu- 
lar fbor-flided  prisma,  verging  on  rhomboids. 
The  scmctiire  of  the  prisms  is  lamellar,  with 
joiMa  poaUd  to  thdr  sides.    Translucent, 
seasches  quarts;  is  easfly  broken;   sp.  gr. 
X16S.     InliiaiblB  by  the  blowpipe;  in  which 
respect  il  difiera  from  fdspar,  tnough  called 
tispadi  apyre  by  Hauy.    It  is  composed  of 
92  afaimbm,  32  riUca,  8  potaah,  2  oxide  of 
iraii,  and  6  looa.     Fauq.    It  belong  to  pri- 
Bttttvc  conntriea>  and  was  first  ibund  in  Anda^ 
hiaa  in  Spain.     It  is  found  in  mica  slate  in 
Abcideen8hiie,anduithel9leofUn8t;  Dart- 
moat  m  Devooshiie ;  in  mica  shite  at  KiQiney, 
nor  Dublin,  and  at  Douce  Mountain,  county 
Willow. 
ANDREOLITE.    See  HarmotoHe. 
ANHYDRITE.      Anhydrous    gypsum. 
There  w9t  nz  varieties  of  it. 

1.  Compact  has  virions  shades,  of  white, 
bfau,  and  red ;  massive  and  kidney-shaped ; 
dnU  aspect ;  splintery  or  oonchoidal  fracture ; 
tianahicent  on  the  edges :  is  scratched  by  fluor, 
bat  scntdica  calc  spar;  somewhat  tough; 
specific  gravity  2.850.  It  is  drv  sulphate  of 
finte,  wiSi  a  tiaoe  of  sea  salt  It  is  round  in 
die  salt  mmea  of  Austria  and  Salzburg,  and  at 
the  foot  of  the  Han  mountahis.  2.  Granular, 
the  scaly  of  Jameson,  is  found  in  massive  con- 
aetiaoa,  of  which  the  structure  is  confusedly 
ftbated.  White  or  bluish  colour,  of  a  petf  ly 
lastre;  eomposition  as  above,  with  one  per 
eeuL  of  sen  salt.  It  ooonrs  in  the  salt  mines  of 
HaUe;  sp.  gr.  2.957-  3. Fibrous.  Massive; 
^unmering,  peariy  Instre ;  fracture  in  delicate 
pnalhl  flbrai;  scarcely  translucent;  easily 
broken.  Found  at  Halle,  Isdiel,  and  near 
Bnumridc  4.  Radiated.  Blue  sometimes 
ipDttod  wiUi  red ;  radiated,  splendent  fiac- 
ttn;  p«dy opUi^^VT;  tiansfaieent ;  nothard ; 


while  coloor,  passing  sometimes  into  greyish 
aod  leddiflh-wnite ;  short  four-sided  prisms, 
havinfi^  two  of  the  opposite  sides  mudi  broader 
than  the  otlier  two ;  and  occasionally  the  lateral 
edges  are  truncated,  whence  results  an  eight- 
sided  prism ;  lustre  splendent,  pearly.  Foil- 
atedfncture.  Threefold  rectangular  deavwe. 
Cubical  fragments.  Translucent.  Scrmtchea 
calc  spar.  Britde.  So.  gr.  2.9.  This  is  the 
muriacite  of  some  wnters.  It  is  doubly  re- 
fracting. It  is  said  to  contain  1  per  cent  of 
sea  salt.  It  is  found  at  Bex  in  Switzerland, 
and  Halle  in  the  Tyrol  6.  Silidferous,  or 
vulpinite.  Massive  concretions  of  a  laminated 
structure,  translucent  on  the  edges,  n>lendent 
and  brittle.  Greyish- white,  vein^  with  bluish- 
grey.  Sp.  gr.  2.8&  It  contains  eight  per  cent, 
silex.  The  rest  is  sulphate  of  lime.  It  it 
called  by  statuaries,  Marmo  bardiglio  di  Ber- 
gamo, and  takes  a  fine  polish.  It  derives  ita 
name  frxmi  Vulpino  in  Italy,  where  it  accom- 
panies lime. 

ANHYDROUS.    Destitute  of  water. 

ANIL,  or  NIL.  This  plant,  from  the 
leaves  of  which  indigo  is  pr^>aied,  grows  hk 
America. 

ANIMAL  KINGDOM.  Animal  bodiea 
may  be  considered  as  peculiar  apparatus  for 
carrying  on  a  determinate  series  of  chemical 
operations.  Vegetables  seem  capable  of  ope- 
rating with  Bm&  only,  and  at  the  temperature 
of  the  atmosphere,  as  we  have  just  noticed. 
But  most  animals  have  a  provision  for  me- 
chanically dividing  solids  by  mastication, 
which  answers  the  same  purpose  as  grinding, 
pounding,  or  levigation  does  in  our  expeo- 
ments ;  that  is  to  sav,  it  enlarges  the  quantity 
of  sur&oe  to  be  acted  upon  by  solvents.  ^Phe 
process  carried  on  in  the  stomach  appears  to 
be  of  the  same  kind  as  that  which  we  distin- 
guish by  the  name  of  digestion;  and  the 
bowels,  whatever  other  uses  they  may  serve, 
evidentiy  form  an  apparatus  for  filtering  or 
conveying  off*  the  fluids ;  while  the  more  8oUd 
parts  of  the  aliments,  which  are  probably  of 
such  a  nature  as  not  to  be  rendered  fluid,  but 
by  an  alteration  which  would  perhaps  destroy 
the  texture  of  the  machine  itself,  are  rejected 
as  useless.  When  this  filtered  fluid  passes 
Into  tiie  circulatory  vessels,  through  which  it 
is  driven  with  considerable  velocity  by  the 
mechanical  action  of  the  heart,  it  is  subjected 
not  only  to  all  those  changes  wldch  the  chemi- 
cal action  of  its  parts  is  capable  of  nrodudng, 
but  is  likewise  exposed  to  the  air  or  the  atmo- 
sphere in  the  lungs,  into  which  that  elastic 
fluid  is  admitted  by  the  act  of  respiration. 
Here  it  undergoes  a  change  of  the  same  naturo 
as  happens  to  other  combustible  bodies  when 
tiiey  combme  with  its  vital  part,  or  oxygen. 
This  vital  part  becomes  condensed,  and  com- 
bines  with  the  blood,  at  the  same  time  tiiat  it 
gives  out  a  large  quantity  of  heat,  in  oonae- 
qnence  of  its  own  capacity  for  heat  behig 
diminiflhed.    A  small  portion  of  asote  lik»- 
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wise  is  abflovbed,  and  carbonic  add  is  given 
out.  Some  curious  experiments  of  Spallan. 
sani  show,  that  the  lungs  are  not  the  sole 
oigans  by  which  these  dianges  are  effected. 
Wonns,  insects,  shells  of  land  and  sea  animals, 
egg  shells,  fishes,  dead  animals,  and  parts  of 
animals,  even  after  they  have  become  putrid, 
are  capable  of  absorbing  oxygen  from  the  air, 
and  giving  out  carbonic  add.  They  deprive 
atmospheric  air  of  its  oxygen  as  oompletdy  as 
phosphoms.  Shells,  however,  lose  this  pro- 
perty when  their  organization  is  destroyed  by 
age.  Amphibia,  deprived  of  their  lungs, 
lived  much  long^  in  the  open  air,  than  others 
in  air  destitute  of  oxygen.  It  is  remarkable, 
that  a  larva,  weighing  a  few  grains,  would 
consume  almost  as  much  oxygen  in  a  given 
time  as  one  of  the  amphibia  a  thousand  times 
its  bulk.  Fishes,  alive  and  dead,  animals, 
and  parts  of  aninuds,  confined  under  water  in 
jars,  absorbed  the  oxygen  of  the  atmospheric 
air  over  the  water.  Muscles,  tendons,  bones, 
bram,  fat,  and  blood,  all  absorbed  oxygen  in 
diffirent  proportions,  but  the  blood  did  not 
absorb  most ;  and  bile  appeared  not  to  absorb 
any. 

It  would  lead  us  too  far  from  our  purpose, 
if  we  were  to  attempt  an  explanation  d  Uie 
little  we  know  respecting  the  manner  in  which 
the  secretions  or  combinations  that  produce 
the  various  animal  and  vegetable  substances 
are  effected,  or  the  uses  of  uiose  substances  in 
the  economy  of  plants  and  animals.  Most  of 
them  are  very  diflerent  from  any  of  the  pro- 
ducts  of  the  mineral  kingdom.  We  shall 
therdbre  only  add,  that  these  organized  beings 
aie  so  contrived,  that  their  existence  continues, 
.  and  Sill  their  functions  are  performed,  as  long 
as  the  vessels  are  supplied  with  food  or  mate- 
ritJk  to  occupy  the  place  of  such  as  are  car- 
ried  off  by  evaporation  from  the  surface  or 
otherwise,  and  as  long  as  no  great  chacffe  is 
made,  dther  by  violence  or  disease,  in  tnose 
vessels,  or  the  fluids  they  contain.  But  as 
soon  as  the  entire  process  is  interrupted  in  any 
very  considerable  degree,  the  chemical  arrange- 
ments  become  altered,  the  temperature  in  laiid 
animals  is  changed,  the  minute  vessds  are 
acted  upon  and  destroyed,  life  ceases,  and  the 
admirable  structure,  bdng  no  longer  suffi- 
dently  perfect,  loses  it»  figure,  and  returns, 
by  new  combinations  and  decompositions,  to 
the  general  mass  of  unorganized  matter,  with 
a  rapidity  which  is  usu^y  greater  the  more 
daborate  its  construction. 

The  parts  of  vegetable  or  animal  substances 
may  be  obtuned,  for  chemical  examination, 
dther  by  simple  pressure,  which  empties  the 
vesads  of  thdr  contents ;  by  digestion  in  water, 
or  in  other  fluids,  which  dissolve  certain  parts, 
and  often  change  their  nature ;  by  destructive 
distillation,  in  which  the  application  of  a  strong 
heat  alters  the  combination  of  the  parts,  and 
causes  the  new  products  to  pass  over  into  the 
recdver  in  the  order  of  their  volatility;  by 


nKutaneous  <^fif(ffppf»«8taqn  or  frrmfntfltitwi 
wherein  the  component  parts  take  a  new  ar- 
rangement* and  form  compounds  which  did 
not  for  the  most  part  exist  in  the  oigniriawi 
substance;  or,  lastly,  the  judidoos  dienust 
will  avail  himself  of  all  these  several  methods 
singly,  or  in  combination.  He  will,  aoooid- 
ing  to  circumstances,  separate  the  parts  of  an 
animal  or  vegetable  substance  by  prcHine, 
assisted  by  heat;  or  by  digestion  or  boiling  in 
various  fluids  added  in  the  retort  which  oim-> 
tains  the  substance  under  examination.  He 
will  attend  particularly  to  the  products  wfaidi 
pass  over,  whether  they  be  permanently  eU»-> 
tic,  or  subject  to  condensation  in  the  tempera- 
tures we  are  able  to  produce.  In  some  nmn, 
he  will  suffer  the  spontaneous  decompodtiao 
to  precede  the  application  of  chemical  me- 
thods ;  and  in  others  he  will  attentively  mark 
the  changes  which  the  products  of  his  opcm- 
tions  undergo  in  the  course  of  time,  whether 
in  closed  vessds,  or  exposed  to  the  open  air. 
Thus  it  is  that,  in  surveying  the  ample  field 
of  nature,  the  philosophical  chcDoist  jpommwm 
numerous  means  of  making  discoveries^  if 

Stplied  with  judgment  and  sagadiy ;  thoQg)i 
e  progress  of  discoveiy,  so  far  from  biin^i^ 
us  nearer  the  end  of  our  pursuit,  appears  con- 
tinually to  open  new  scenes,  and,  by  enlarging 
our  powers  of  uavestigation,  never  fails  to 
point  out  additional  objects  of  inquiry. 

Animal  and  v^taUe  substances  appioach 
each  other  bv  insendble  gnidadoas ;  so  that 
there  is  no  simple  product  of  the  one  which 
may  not  be  found  in  greater  or  leas  quaatity 
in  the  other.  The  most  general  distinctive 
character  of  animal  substances  is  that  of  afford- 
ing volatile  alkali  by  destructive  distiHarion. 
Some  plants,  however,  afford  it  likewise. 
Neither  contain  it  ready  formed;  but  it  ap^ 
pears  to  be  produced  by  the  combination  of 
nydrogen  and  azote,  during  t}ie  chsnges  pro- 
duced dther  by  fire,  or  by  the  putrefactive 
process.    See  Ah3Ionia* 

Our  knowledge  of  the  products  of  the  ani- 
mal kingdom,  by  the  help  of  chemical  analysis, 
is  not  yet  suffidently  matured  to  enable  us  U> 
arrange  them  according  to  the  nature  of  theff 
component  parts;  which  appear  to  consist 
chiefly  of  hydrogen,  oxygen,  carboOf  and 
i^ote ;  and  with  these  sulphur,  phosphorus, 
linie,  magnesia,  and  soda,  are  frequently  com- 
bined in  variable  proportions. 

llie  following  arc  the  peculiar  chemical 
products  of  animal  organimtion.  Gelatin, 
albumen,  fibrin,  caseous  matter,  colouring 
matter  of  blood,  mucus,  urea,  picromd,  os- 
mazome,  sugar  of  milk,  and  sugar  of  diabetes. 
The  compound  animal  products  are  the  vari- 
ous solids  and  fluids,  whether  healthy  or  mor- 
bid, that  are  found  in  the  animal  body ;  such 
as  musde,  skin,  bone,  blood,  urine,  bue^  mor- 
bid concretions,  brain,  &c 

When  animal  substances  are  left  exposed 
to  the  air,  or  immersed  in  water  or  other  fluids. 
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dief  toiRr  a  spontaneous  change,  wfaicti  is 
more  or  lew  tapid  according  to  circumstances. 
The  apODtaneous  change  of  organized  bodies 
19  distinguished  by  the  name  of  fermentation. 
In  TegdAble  bodies  there  sie  distinct  stages 
or  periods  of  this  process,  which  have  been 
dirided  into  the  ▼inons,  acetous,  and  putre- 
lacti^e  fermentations.  Animal  substances  ate 
susceptible  onty  of  the  two  latter,  during 
which,  as  ID  aU  otiier  spontaneous  dianges, 
the  combinations  of  chemical  principles  be- 
oome  in  general  more  and  more  simple. 
There  is  no  doubt  but  much  instrucdon  might 
be  obtained  from  accurate  observations  of  the 
putrefiictiTe  processes  in  all  their  several  va- 
rieties and  situations ;  but  the  loathsomeness 
sand  danger  attending  on  such  inquiries  have 
bxthefto  greatly  retarded  our  progress  in  this 
department  of  chemical  science.     See  Fer. 

MMTATIOK  (PtTTHErACTIVE). 

ANIME,  improperly  called  gum  anime,  is 
»  resinous  snbstuce  imported  from  New  Spain 
and  the  Bnals.  There  are  two  kinds,  di- 
ttiBguisbed  by  the  names  of  oriental  and  ood- 
dentaL  The  former  is  dry,  and  of  an  uncer- 
tain odour,  some  spedmens  being  greenish, 
some  reddidh,  and  some  of  the  brown  colour 
of  mynh.  The  latter  is  in  yellowish. white, 
fnnspareot,  somewhat  unctuous  team,  and 
partly  in  larger  masses,  brittle,  of  a  light 
pleaamt  taste,  easily  melting  in  the  fire,  and 
boming  with  an  agreeable  smell.  Like  resins, 
it  is  totally  soluble  in  alcohol,  and  also  in  oiL 
Water  takes  up  about  l.l6th  of  the  wdght  of 
this  resin  by  decoction.  The  spirit,  drawn  off 
hf  dbtfllation,  has  a  considerable  degree  of 
the  taste  and  flavour  of  the  anime;  file  dis. 
tiOed  water  discovers  on  its  surface  some  small 
portioD  of  essential  oil. 

Thb  Tcafai  is  used  by  perfumers,  and  also 
IB  eatafai  plasters,  wherein  it  has  been  sup- 
pond  to  be  of  service  in  nervous  affections  of 
the  haA  and  other  parts;  but  there  are  no 
reasons  to  think  that,  for  medical  purposes,  it 
diAn  from  common  resins. 

ANNEAL.  We  know  too  little  of  the 
atwagcncDt  of  partides  to  determine' what  it 
is  that  eonstimtes  or  produces  brittleness  in 
say  sobatanee.  In  a  considerable  number  of 
"Tfirw  of  bodies  which  are  capable  of  un- 
deiwoiiig  ignition,  it  is  found  that  sudden 
eooKn^  Tcmers  diem  hard  and  brittle.  This 
is  a  real  inconvenience  in  glass,  and  also  in 
sled,  vhcn  this  metallic  substance  is  required 
to  be  aoft  and  flexible.  The  inconveniencies 
nt  Bvoldcd  by  cooling  them  veir  gradually, 
and  tirit  process  is  oSied  anneaung.  Glass 
i«nda,  or  odier  artides,  are  carri^  into  an 
0*01  or  apartment  near  the  great  furnace, 
aHed  the  leer,  where  they  are  permitted  to 
eool,  in  a  greater  or  less  time,  according  to 
thdr  Afrk**'—  and  bulk.  The  annealing  of 
sisd,  or  other  metallic  bodies,  consists  simply 
U  betdng  tbeot,  and  suflering  them  to  cool 
yffi  fjfi^  upon  the  hearth  of  the  furnace, 


or  in  any  other  situation  wheie  the  heat  is 
moderate,  or  at  least  the  temperature  is  not 
very  cold. 

ANNOTTO.  The  pellicles  of  the  seeds 
of  the  bixa  orellana^  a  liliaceous  shrub,  irom 
16  to  20  feet  high  in  good  ground,  afford  the 
red  masses  brought  into  Europe  under  the 
name  of  Annotto,  Orlean,  and  Houcou. 

The  annotto  commonly  met  with  among  us 
is  moderately  hard,  of  a  brown  colour  on  the 
outside,  and  a  dull  red  within.  It  is  diffi- 
cultly acted  upon  by  water,  and  tinges  the 
liquor  only  of  a  pale  brownish-ydlow  colour. 
In  rectified  spirit  of  wine  it  very  resdily  dis- 
solves, and  communicates  a  high  orange  or 
yellowish-red.  Hence  it  is  used  as  an  higre- 
dient  in  varnishes,  for  giving  more  or  less  of 
an  orange  cast  to  the  simple  yellows. 

Sulphuric  ethci  is  the  best  solvent  of  an- 
notto. Potash  and  soda,  either  caustic  or 
carbonated,  dissolve  annotto  in  great  quanti- 
ties;  from  which  solutions  it  is  thrown  down 
by  adds  in  small  flocks.  The  alkaline  solu- 
tions are  of  a  deep  red  cdour.  Chlorine  de- 
colours the  alcoholic  solution  of  annotto ;  the 
liquor  becoming  speedily  white  and  milky. 
If  strong  sulphuric  acid  be  poured  on  annotto 
in  powder,  the  red  colour  passes  immediatdy 
to  a  very  fine  indigo  blue;  but  this  tint  is  not 
permanent :  it  changes  to  green,  and  finally 
to  violet,  in  the  course  of  24  hours  thereafter. 
This  property  of  becoming  blue  belongs  also 
to  sanron.  Nitric  add,  slightlv  heated  on 
annotto,  sets  it  on  fire;  and  a  findy  divided 
charcoal  remains.  Annotto  is  soluble  both  in 
essential  oils,  as  oil  of  turpentine,  and  in  fixed 
oils.  Bcumngault  Ann,  de  Chim.  et  de  Pkg4, 
xxviii.  440. 

Beside  its  use  in  dydng,  it  is  employed  for 
colouring  cheese. 

ANORTHITE.  The  primitive  form  of 
this  mineral  is  a  doubly  obhque  prism.  The 
lustre  of  the  deavagcs  is  pearly,  and  that  of 
the  conchoidal  fracture  vitreous.  The  crystals 
of  anorthite  are  dear  and  transparent,  but 
snudl.  Sp.  grav.  2-763.  Strong  muriatic  add 
entudy  decomposes  it.  It  consists  of  silica, 
44.49;  alunihia,  34.46;  oxide  of  iron,  0.74; 
lime,  15.68;  magnesia,  5.26,— -Rote,  The 
name  anorthite,  signifying  without  right  an- 
gles, distinguishes  it  from  felspar,  two  of 
whose  deavages  are  at  right  angles  to  each 
other. 

ANTHOPHYLLITE.  A  massive  mine- 
ral of  a  brownish  colour ;  sometimes  also  crys- 
tallized, in  thin  flat  six-sided  prisms,  streaked 
lengthwise.  It  has  a  false  metallic  lustre, 
glistening  and  pearly.  In  crystals,  tnmspaient. 
Massive,  only  translucent  on  the  edges.  It 
does  not  scratch  gUss,  but  fluate  of  lime. 
Spedfic  gravity  a2.  Somewhat  hard,  but 
exceedln^y  brittle.  Infusible  alone  before 
the  bbwpipe,  but  with  borax  it  gives  a  grass- 
green  transparent  bead.  It  consists  of  66 
■ilica,  13.3  alumma,  14  magneiia,  3.33  lime, 
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6  oxide  of  iron,  3  oxide  of  oumgaiMse,  1.43 
water,  and  2.94  loss  in  100.  It  is  found  at 
Konigsberg  in  Norway. 

ANTHKACiTE.  Blind  coal,  Kilkenny 
coal,  or  glance  coaL  There  are  three  varieties. 
1.  Massive,  the  conchoidal  of  Jamemn.  Its 
colour  is  iron-hlack,  sometimes  tarnished  on 
the  surface  with  a  splendent  metallic  lustre. 
Fracture  conclioidal,  wiih  a  pseudo-nietallic 
lustre.  It  is  brittle  and  light  It  yields  no 
flame,  and  leaves  whitish  ashes.  It  is  found 
ip  the  newest  floctz  formations,  at  Aleissnerin 
Hesse,  and  Walsall  in  Staffordshire.  2. 
Slaty  anthracite.  Colour  black,  or  brownish- 
black.  Imperfect  slaty  in  one  direction,  with 
a  slight  metallic  lustre.  Brittle.  Speciflc 
gravity  1.4  to  1.&  Consumes  without  flame 
It  is  composed  of  Ti  carbon,  13  silica,  3.3 
alumina,  and  3.6  oxide  of  iron.  It  is  fbond 
in  both  primitive  and  secondary  rocks;  at 
Calton  Hill,  Edinburgh;  near  Walsall, 
Staffi>rdshixe ;  in  the  southern  parts  of  Breck- 
nockshjre,  Carmarthenshire,  and  Pembroke- 
shire,  whence  it  is  called  Welsh  culm ;  near 
Cumnock  and  Kilmarnock,  Ayrshire;  and 
most  abundantly  at  Kilkenny,  Ireland.  3. 
Columnar  anthracite.  In  small  short  prisma- 
tic concretions,  of  an  iron  black  cobur,  with 
a  tarnished  metallic  lustre.  It  is  brittle, 
soft,  and  light.  It  yields  no  flame  or  smoke. 
It  fonns  a  thick  bed  near  Sanquhar,  in  Dum- 
friesshire; at  Saltcoats  and  New  Cnnmock, 
in  Ayrshire.  It  occurs  also  at  Mcissner  in 
Hcs»e. 

ANTIMONY.  The  word  antimony  is 
med  in  commerce  to  denote  a  metallic  ore, 
.  oonsisting  of  sulphur  combined  with  the  metal 
which  is  properly  called  antimony.  Sometimes 
this  sulphuret  is  termed  crude  antimony,  to 
distinguish  it  from  the  pure  metal,  or  regulns, 
as  it  was  formerly  called. 

Antimony  is  of  a  dusky-white  colour,  very 
brittle,  and  of  a  plated  or  scaly  texture.  Its 
^Mcific  gravity,  according  to  Brisson,  is  6.702 1, 
but  Bergman  makss  it  6.86.  Soon  after  igni- 
tion  about  900^  F.  it  melts,  and  by  a  ooo- 
tinuance  of  the  heat  it  beoomes  oxidized,  and 
rise's  in  white  fumes,  which  may  afterward  be 
volatilu>^  a  second  time,  or  fused  into  a  hy». 
cjnthiae  glass,  according  to  the  management 
of  the  heat:  the  first  were  formerly  called 
argentine  flowers  of  regulus  of  antimony.  In 
clc»cd  vesMcIs  the  antimony  rises  totally  with- 
out decomposition.  This  metallic  substance 
is  not  subject  to  lust  by  exposure  to  air, 
tliough  its  sur&ce  becomes  tarnished  by  that 
nu'sns. 

There  are  certainly  three,  possibly  fonr, 
distinct  combinations  of  antimony  and  oxygou 
1.  The  protoxide  of  Berzelius  is  a  blackish- 
jirey  ^wder,  obtained  from  a  mixture  of  pow- 
der oi  antimony  and  water,  at  the  positive  poJe 
of  a  voluic  circuit.  Heat  enables  this  oxide 
*•.•**?'**  oxygen  rapidly,  converting  it  into  the 
tritoxidc.     Accoiding  to  Berzelius,  it  consists 


of  100  of  metal,  1114  4^  osyyeiv  Itnuntbi 
confessed,  however,  tfua  the  data  for  fixing 
these  proporCioDs  are  vary  doubtfuL  2.  The 
deutoxide  may  be  obtained  by  digesting  tfaw 
metal  in  powder  In  muriatic  acid,  and  ponrinc 
the  solution  into  water  of  potssh.  Wash  ana 
dry  the  precipitate.  It  is  a  powder  of  a  dirty 
white  odour,  which  melts  at  a  moderate  red 
heat,  and  aystalliaes  as  it  cools.  Aooording 
to  Berzelius,  it  consists  of  84.3  metal  -{-  1&  7 
oxygen.  3.  The  tritoxide,  or  antimonkiiis  acid, 
b  the  immediate  pmdact  of  the  eombastioo  of 
the  metal,  called  of  old,  from  its  fine  white 
colour,  the  argentine  flowen  of  aatimooj*  It 
may  also  be  formed  by  digesting  hot  nitric 
acid  on  sntimony.  When  fused  with  one- 
fourth  of  antimony,  the  whole  becomes  dettt- 
oxide.  It  forms  the  salto  called  anrimonitee 
with  the  diffoent  bases.  Aeoeiding  to  Bcr. 
zelius,  the  tritoxide  anuists  of  about  80  metal 
+  20  oxygen.  4.  Thepcnixide,  or  antiDianie 
add,  is  foraied  when  the  metal  in  powder  is 
ignited  along  with  six  times  iu  weightof  nttiw 
in  a  silver  crudbfei  The  excess  of  potash  and 
nitre  being  afterwards  sepsiated  by  hot  water, 
the  antimoniate  of  potash  is  then  to  be  deoom* 
pOMd  by  muriatic  add,  when  the  hisolnble 
antimonic  add  of  a  stnw  colour  will  be  oh. 
tained.  Nitro-mnriatie  add  likewke  coovetta 
the  melal  into  the  peroxide.  Thou^  insnhihle 
in  water,  it  reddens  the  vegetable  bines.  It 
does  not  comlnne  with  adds.  At  a  led  heat 
oxy^oi  Is  diacngiigBd,  and  antimoBious  acid 
vesttlta.  Bcnelins  iafors  its  eomposition  to  be 
78*34  metal  +  23.66  oxygen.  It  is  diflktUt 
to  reooodle  the  above  three  portions  of  oxygcii 
to  one  piime  equivak&t  for  antimoDy.  The 
number  11  gives  the  best  appwnrimarioa  «» 
Betsdins's  analyses.  We  shall  then  have  tbc 
In  100  parts, 
I>eutoxide  11  metal  -(-9ozy.or84.6-|-  1&4 
Tritoxide  11  +3  7&6  +  31.4 

Peroxide    U  -|-4  73.4 -|- 26.6 

The  first  oxide  is  too  impcrfeoUy  known  to 
enter  into  the  argument. 

Mr.  Rose  of  Berlin  has  asMttaiBed  the 
existence  of  three  snlphnrets  of  antmiea^c. 
The  native  mineral  dinolves  cntirdy  in  mn. 
riatic  add,  disengaging  only  sttlphuaMsd  hy- 
drogen. It  ia  also  formed  by  passix^  solpha. 
retted  hydrogen  through  solution  of  cmetie 
tartar,  or  through  butter  of  antimony  disMlved 
in  water  and  tartaric  add.  It  is  in  this  caae 
of  an  orange  ooloar,  but  is  a  simple  salphuet, 
as  is  also,  according  to  him,  kennes  minersL 
The  Uuter  substance  yidded  hun  inlOO  pans, 
72.32  antimony  +  27.68  sulphur.  Now  the 
native  sulphuret  by  Berxelius  omtams  ^%99 
+  27.14;  a  near  approximationr  Thiaseema 
to  consist  of  U  metal  -f  4  sulphur,  or  to  be 
a  bisalphuzet.  The  next  eulplnuct  hsa  aa 
onuige  colour,  which  resemhlea  a  good  deii 


the  soUen  su^hutet.  It  Is  forasd  by  |mcIbi^ 
•u^buretted  hydrogen  through  %  satatioit  of 
antiroonioua  add.    The  best  way  ef  proeadiHl 
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I  add  «  Mhttion,  k  to  dlMohmaiitU 
mmj'm  mfuar^gioy  and  toevaponte  the  wla^ 
tiM  to  diTDOso.  The  aodmoDic  add  thus 
fiRBcd  is  then  ignited  to  eanvat  it  into  antimo- 
BioMdIad ;.  wbicfa  is  to  be  melted  with  caustic 
petash;  and  the  fused  mass  is  to  be  treated 
with  hydrochloric  acid  sod  water^  till  a  deaz 
liquor  be  obtained.  The  snlpburet  formed  as 
above  from  this  sdlutioD  consists  of  6(».36 
nsBtal  +  33.65  sulfbur.  The  third  snlpburet 
is  the  nUfkmr  atUimonu  mtratwi^  of  which 
ao  aaalyiis  is  given.    Ann.  de  Chun.  1825. 

GUoriBe  gas  and  antimooy  combine  witb 
eambastioDv  and  a  bichloride  results.  This 
was  ftnnerij  prepared  by  dtstilUng  a  miztoie 
of  two  pacts  oif  conoHve  subliniate  with  one  of 
aoiimsay.  The  aubstaoce  which  came  over, 
hating  a  €itty  consistence,  wss  called  butter 
of  aniinaay.  Itii  frequently  crystallized  in 
fimr-odod  priaoA  It  is  fiisiUo  and  volatile  at 
a  Tnodrrtf  beatf  and  is  resolved  by  water 
alooe  into  the  white  oxide  and  muriatic  acid* 
Bei^g  •  faicfalonde,  it  is  eminently  ootrosive, 
like  the  bichloride  of  mercury,  from  which  it 
isfioaned.  It  oouMts  of  45.7  chlorine  +  M.3 
amimony,  aeeording  to  Dr.  John  l>avy*B  anv 
l|iis,  wboD  the  composition  of  the  sulphuret 
is  cMwUrd  by  its  recent  exact  aoi^l^nus  by 
Benciiiia.  But  1^  antimoDj  -f  2  prones 
chlorme  =  9.0,  give  the  proportioD  per  cent 
of  44.1  +  56.5 ;  «  good  coincideace,  if  we 
oiHider  the  circcdtirai  process  by  which  Dr. 
T>sfy's  tfudysis  wss  penbiBied«  Three  parts 
rf  conoaio  sublimatOi  and  ooe  of  metallic 
iDtiDoiiy,  aie  the  equivalent  proportions  for 
askisg  btttter  of  antimony. 

Iodine  and  antimony  combine  by  the  aid  of 
Watiaio  a  solid  iodide,  of  a  dark  red  colour. 

The  flMi^omof  this  metal  is  obtained  by 
&BBg  it  vUi  solid  phosphoric  add.  It  is  a 
tlite  seaiiaystalline  substance. 


8ee  O&cs.of  Avtimont.  It 
,  aacordiog  to  Berzelius,  of  100  soti- 
WAy -|^  37,25  sulphur.  The  proportion  given 
\ff  the  stole  equivalent  ratio  is  100  -^  36.5^ 
Other  aa^ysls  have  found  30  33,  and  35  to 
100  ai  nstal  BenRlins  adttiiu  that  there 
ai^  be  a  sligfat  cnor  in  his  numbers. 

Zhenoly  iropoitant  alloys  of  antimony  are 
Aoieof  lead  and  tin;  the  former  oonstimtes 
type  octal*  and  contains  about  ooe.sixteenth 
ifa/aatmyi  the  latter  alloy  is  employed  for 
Qsting  tiieplalea  on  which  music  is  engraved, 
.  The  s^ia  of  antimony  are  of  two  different 
ofdos:  in  the  fint,  the  onitoxide  acts  the  part 
efaniSfiable  bMB ;  in  the  second,  the  tritozide 
■ai  penoQciile  act  tba  psrt  of  adds,  neuti-alizing 
the  aUulJoa  and  other  bases,  to  coostitiite  itm 
MriinaaHws  and  antimoniates. 

The  mdr  dialiDpt  combination  of  die  first 
«ier  oitiund  to  oar  attention,  is  the  triple 
ttk  calbd  taftiate  of  potash  and  antimony,  or 
'  » aod  which,  by  M.  G»y  Lussac's 


new  views,  would  be  styled  oeam-tartrate  of 
antimony.  This  constitutes  a  valuable  and 
powerful  medicine,  and  therefore  the  mode  of 
prepsoog  it  sboiild  be  correctly  and  dearly 
defined.  As  the  dull  white  deutoxide  of 
antimony  is  the  true  basis  of  this  compound 
salt,  snd  as  that  oxide  readily  passes  by  mis*, 
management  into  the  tritoxide  or  antimonioua  ' 

add,  which  is  altoeetber  unfit  for  the  purpose, 
adequate  pains  should  be  tdien  to  guard 
i^gainst  so  capital  an  error.  In  former  edi. 
tions  of  the  British  Pharmacopcdas,  the  glass 
of  antimony  was  prescribed  as  the  basu  of 
tartar  emetic.  More  complex  and  precarioua 
fonnulsB  have  been  since  introduced.  The  new 
editbn  of  die  Fharmacopee  fWi^aise  has 
given  a  redpe,  which  appears,  with  a  slight 
change  of  proportions,  to  be  unexceptionable. 
Tfldce  of  the  sulphuretted  vitreous  oxide  of 
antimony,  levigated  and  addulous  tartrate  of 
potash,  equal  parts.    Form  a  powder,  whidL  ^ 

B  to  be  put  into  an  earthen  e«  diver  vessel, 
with  a  sufficient  quantity  of  pure  water. 
Boil  the  mixture  for  half  an  hour,  adding 
boiling  water  from  time  to  time ;  filter  the  hot 
liqucr,  and  evaporate  to  dryness,  in  a  poicdain 
capsule ;  dissolve  in  boiling  water  the  result 
of  the  evaporation,  evaporate  till  the  solution 
acquires  the  spec.  grav.  1.161,  and  then  let  it 
repose,  that  crystals  be  obtained,  which,  by 
this  procesq,  will  be  pure.    By  another  re-  i 

dpe,  coped,  with  some  alteration,  from  Mr. 
Phillip^  prescription,  into  the  appendix  of 
the  French  Pharmacopoeia,  a  sobsiilphate  of 
antimooy  is  formed  first  of  all,  by  digesting  two     ^ 

Cof  sulphuret  of  antimony  at  a  moderate 
.  with  three  parts  of  oil  of  vitrioL  This  i»* 
soluble  subsulphate  bdng  well  wadied^  is  then 
digested  in  a  quantity,  of  bdUog  water,  with 
its  own  weight  of  cream  of  tartar,  wd  evaiKiratal 
to  the  density  1.161,  after  which  it  is  filtered 
hot.  On  cooling,  crystals  of  the  triple  tartrate  '^  * 
are  obtained.  One  might  imagine,  that  there 
is  a  (^aoce  of  obtainbg  by  this  process  a 
mixture  of  su^hate  of  potash,  and  perhaps 
of  a  triple  sulphate  of  antimony,  alon^  with 
the  tartar  emetic  Probably  this  does  not  hap- 
pen,  for  it  is  said  to  yidd  crystals,  very  pure, 
very  white,  and  without  any  mixture  whatever. 

Pure  tartar  emetic  is  in  colourless  and  trans-  ^ 

parent  tetrah^rons  or  octohedrons.  It  red- 
dens littnus.  Its  taste  is  nauseous  and  caustic. 
Exposed  to  the  air,  it  effloresces  dowly. 
BoUing  water  dissolves  half  its  weight,  snd 
cold  water  a  fifteenth  part.  Sulphuric,  nitric, 
and  muriatic  acids,  when  poured  into  a  solu- 
tion of  this  8alt»  ptedpitate  ita  cream  of 
tartar ;  and  soda,  potash,  ammonia,  or  thdr 
carboiMites,  throw  down  its  oxide  of  antimooy. 
Barytes,  strontites,  and  lime  waters,  occasion 
not  only  a  precipitate  of  oxide  of  antimony, 
like  the  alkalis,  but  also  insoluble  tartrates  of 
these  earths.  That  produced  by  the  alkaline 
faydrosulphurets  is  wholly  fonned  of  kennes; 
x2 
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while  that  caused  by  sttlphoretted  hydrogeii 
contaiiis  both  kermes  and  cream  of  tartar. 
The  decoctions  of  several  varieties  of  cinchona, 
and  of  several  bitter  and  astringent  plants, 
equally  decompose  tartar  emetic;  and  the 
precipitate  dien  always  consists  of  the  oxide  of 
antimony,  combined  with  the  vegetable  matter 
and  cream  of  tartar.  Physicians  ought  there- 
fore to  beware  of  such  incompatible  mixtures, 
"^lien  tartar  emetic  is  exposed  to  a  red  heat, 
it  first  blackens,  like  all  organic  compounds, 
and  afterwards  leaves  a  residuum  of  metallic 
antimony  and  subcarbonate  of  potash.  From 
this  phenomenon,  and  the  deep  brownish>red 
precipitate,  by  hydrosulphurets,  this  antimonial 
combination  may  readily  be  reot^ized.  The 
precipitate  may  further  be  dried  on  a  filter, 
and  ignited  with  black  flux,  when  a  globule 
of  metallic  antimony  will  be  obtaine£  In- 
fusion of  galls  is  an  active  precipitant  of  tartar 
emetic. 

This  salt,  in  an  undue  dose,  is  capable  of 
acting  as  a  poison.  The  best  antidotes  are 
demulcent  drinks,  infusions  of  bark,  tea,  and 
sulphuretted  hydrogen  water,  which  instantly 
converts  the  energetic  salt  into  a  relatively 
mild  sulphuret:  anodynes  are  useful  after- 
wards. The  powder  of  tartar  emetic,  mixed 
with  hog*s  lard,  and  applied  to  the  skin  of  the 
human  body,  raises  smidl  vesications. 

The  composition  of  this  salt,  according  to 
M.  Thenard,  is  35.4  acid,  39.6  oxide,  16.7 
potash,  and  8.2  water.  The  presence  of  the 
latter  ingredient  is  obvious,  from  the  undis- 
puted phenomenon  of  efilorescenoe.  By  a  re- 
cent analysis  of  Mr.  Phillips,  this  salt  is  com. 
ptsedof; 

1  atom  bitartrate  of  potash  22.6  49.58 
Siuoms  protoxide  of  antimony  19.5  42.97 
3^toms  water  3.375       7.45 

100.00 
Dr.  Thomson,  however,  assigns  only  2 
atoms  of  water  from  his  researches  published 
in  his  work  on  the  first  principles  of  Che- 
mistry. Their  atomic  number  for  the  oxide 
of  antimony  is  one  half  of  mine. 

The  deutoxide  seems  to  have  the  property 
of  combining  with  sulphur  in  various  pro- 
portions.  To  this  spedes  of  compound  must 
be  referred  the  liver  dt  antimony,  class  of  anti- 
mony, and  crocus  inetaUorum  of  the  ancient 
apothecaries.  According  to  M.  Soubeiran, 
(^ass  of  antimony  contains — protoxide  (deut- 
oxide of  Berz.)  91.5 ;  silica,  4.5 ;  peroxide  of 
iron,  3.2;  sulphuret  of  antimony,  1.9.  Sul- 
phuretted hydrogen  forms,  with  the  deutoxide 
of  antimony,  a  compound  which  possessed  at 
one  time  great  celebrity  in  medicine,  and  of 
which  a  modification  has  lately  been  intro- 
duced into  the  art  of  calico  printing.  By 
dropping  hydrosulphuret  of  potash,  or  of  am. 
monia,  into  the  cream  tartrate,  or  into  mild 
snuriate  of  antimony,  the  hydrosulphuret  of 


the  metallic  oxide  predpitatea  of  a  beandfbl 
deep  orange  colour.  This  is  kermu  m&neraL 
Cluzel^s  process  for  obtaining  a  fine  kertHcM^ 
light,  velvety,  and  of  a  deep  purple>biowii,  ia 
the  following :  one  part  of  pulverized  sulphuret 
of  antimony,  22}  parts  of  crystallized  sub- 
carbonate  of  soda,  ud  200  parts  of  water,  are 
to  be  boiled  together  in  an  iron  pot.  Filter 
the  hot  liquor  into  warm  earthen  pans,  and 
allow  them  to  cool  very  slowly.  At  the  end 
of  24  hours  die  kermes  is  deposited.  Throw 
it  on  a  filter,  wash  it  with  water  wfaidi  had 
been  boOed  and  then  cooled  out  of  eontact 
with  air.  Dry  the  kermes  at  a  tempetBture  of 
85«,  and  preserve  in  corked  phials.  Whatever 
may  be  the  process  employed,  by  boUiB^  the 
liquor,  after  cooling  and  filtration,  on  new 
sulphuret  of  antimony,  or  upon  that  which 
was  left  in  the  fimner  operadon,  this  new 
liquid  win  deposit,  on  cooling,  a  new  quantity 
of  kermes.  Besides  the  hydrosulpnuretted 
oxide  of  antimony,  there  Is  fbimed  a  sul- 
phuretted hydrosulphuret  of  potash  or  aoda. 
ConsequenUy,  the  alkali  aelaes  a  portion  of  the 
sulphur  from  the  antimonial  sulphuret,  water 
is  decomposed,  and  whilst  a  portion  of  its 
hydrogen  unites  to  the  alkaline  sulphuret,  its 
oxygen,  and  the  other  portion  of  its  hydrogen, 
combine  with  the  sulphuretted  antiax>ny.  It 
seems,  that  the  resulting  kermes  remains  dis- 
solved in  the  sulphuretted  hydrosulphuret  of 
potash  or  soda ;  but  as  it  is  less  soluble  in  the 
coU  than  the  hot,  it  is  partially  pnelpitated  by 
refrigeration.  If  we  pour  into  the  suuenatant 
liquid,  after  the  kermes  is  depotitea  and  re- 
moved, any  add,  as  the  dilute  nitric,  sulphuric, 
or  muriatic  we  decompose  the  sulphuretted 
hydrosulphuret  of  potash  or  soda.  The  id. 
kaline  base  being  hud  hold  oi;  the  sulphuretted 
hydrogen  and  sulphur  to  which  tney  were 
united  are  set  at  liberty;  the  sulphur  and 
kermes  fall  togedier,  combine  with  it,  and  form 
^xi  orange- coloured  oompoand,  oiled  the 
gulden  svdphuret  of  antimony.  It  it  a  hydro- 
guietted  sulphuret  of  antimony.  Hence,  whoi 
it  is  digested  with  warm  muriatic  add,  a  largi 
residuum  of  sidphur  is  obtained,  amounting 
sometimes  to  12  per  cent  Keimes  is  com.! 
nosed,  by  Thenard,  of  20l3  aulphnretted 
hydrogen,  4.15  sulphur,  72.76  oxide  of  and* 
mony,  2.79  water  and  loas ;  and  the  gddeft 
sulphuret  consists  of  17<87  sulphuretted  hydro-' 
gen,  68.3  oxide  of  antimony,  and  12  sulphufi 
Mr.  Rose  apparently  proves  that  keRMs  li 
the  same  as  the  native  sulphuret  of  antimony. 
See  above. 

By  evaporating  the  supernatant  kettnii 
liquid,  and  cooling,  crystals  form,  whidi  havf 
been  lately  employed  by  the  cdico  printer  t^ 
give  a  topical  orange.  These  crystals  are  dia« 
solved  in  water,  ami  the  solution  being  thick* 
ened  with  paste  or  gum,  is  applied  to  doth  ii 
the  usual  way.  After  the  doth  is  dried,  it  ii 
passed  through  a  dihite  acid,  when  the  oiug^ 
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a&d  fixed  on  the  Tcge. 


An  empirical  ■ndmonud  medidne,  called 
Jama'*  powder^  has  been  mndi  need  in  thk 
cQontry.     The  inventor  OiDed  it  bia  fever 
fowtder^  a&d  was  ao  laooeasful  in  his  piactioe 
vith  it.  that  it  obtained  Tcrjr  gmt  reputation, 
irtueih  it^atill  in  aome  mearaze  retaina.    Flro-. 
bably  the  aueoeH  of  Dr.  James  waa  in  great 
mcasme  owing  to  his  free  uae  of  the  bark, 
which  be  alwajB  gave  as  largely  as  the  stomach 
would   bear,  as  aoon  as  he  had  completely 
araonnted  the  prims  ▼!»  by  the  nae  of  his 
antlmonial  pwpanition,  with  whidi  at  first  he 
used  to  combine  aome  merauiaL    His  sped- 
iication,  lodged  in  Chancenr,  is  as  follows  :— 
**  Talse  antimooy,  calcine  it  with  a  continued 
protracted  heat,  in  a  flat,  unglazecl,  earthen 
vessel,  addingtoit  firom  thne  to  time  a  sufficient 
quantity  of  any  aninud  oil  and  salt,  well  de- 
pUcgmated;  then  boil  it  in  mdted  nitre,  for 
m  oooaidenbk  time,  and  separate  the  powder 
ivom  tbe  nitie  by  disacdvinp  it  in  water.** 
The  real  redpe  lias  been  studiously  concealed, 
and  a  &lse  one  pnUiahed  in  iu  stead.    Dif- 
icccnt  fivmnla  have  been  ofleied  for  imitating 
it.    That  of  Dr.  Pearson  furnishes  a  mere 
mixtnxe  of  an  oxide  of  antimony,  with  phos- 
phate of  lime.    The  real  powder  of  James, 
soooiding  to  this  chemist,  consists  of  57  oxide 
of  sntimony,  widi  43  phosphate  of  lime.     It 
seems  higUy  probable  that  superphosphate  of 
liae  woiud  act  on  oxide  of  antimony  in  a  way 
somewhat  aimHar  to  cream  of  tartar,  and  pro- 
duce a  nvne  chemical  combination  than  what 
caa  be  derived  from  a  precarious  ustulation, 
and  calcination,  of  hailshom  shavings  and 
solphuretofantamony,  in  ordinary  hands.   The 
antimonial  medicines  are  powerful  deobstru- 
aita,  pRHDOting  particularly  the  cuticular  dis- 
cfaam.  The  union  of  this  metallic  oxide  with 
—ly^tTfttoJ  hydrosen  ought  undoubtedly  to 
finoqz  its  medidnaf  agency  in  chronic  diseases 
of  the  skin.     The  kcmiea  deserves  more  credit 
than  it  has  hitherto  leodved  from  Brhiah 


phytidaos. 
Thecomi 


nponnds  formed  by  the  antimonious 
and  antimonlc  adds  widi  the  bases  have  not 
been  applied  to  any  use.  Muriate  of  barytes 
may  be  employed  as  a  test  for  tartar  emetic. 
It  w31  ahow,  by  a  predpitate  insoluble  in 
nitiie  add,  if  sidphate  of  potash  be  present 
If  the  crystals  be  regulariy  fonned,  mere  tar- 
tnr  need  not  be  suspected. 

For  its  ores,  saline  compounda,  and  the  re- 
duction of  the  metals,  see  O&ES  and  Sai.t. 

A  fiilminating  antimooic  powder  has  been 
prepared  by  M.  8erullas  in  the  following  man. 


and  prevent  the  sabseaucnt  adherence  of  the 
carbonaceous  cone  whidi  remains  after  the  cal- 
cination.    The  above  mixture  being  intr<v 
duoed  into  the  crucible,  is  to  be  covered  with  a 
layer  of  powdered  diarcoal;  and  the  joinings 
of  the  cover  most  be  luted.    After  exposure 
for  3  hours  to  a  good  heat  in  a  reverberatory 
furnace^  the  crudble,  must  be  removed,  and 
left  to  cool  for  6  or  7  hours.     This  interval  of 
time  is  necessary  to   allow  the   air,  whidi 
always  penetrates  a  little  way  into  the  crudbles, 
to  bum  the  exterior  coat  of  the  falminating 
mass;  otherwise,  if  it  be  taken  out  too  r^ 
oently,   there  is  always  an  explosion.     We 
must  then  hastily  endoee  it,  without  breaking, 
into  a  glass  with  a  wide  openins.    After  some 
time,  it  spontaneously  breaks  down  into  frag- 
ments of  different  sizes,  retaining  all  its  pro- 
perties  for  years.    When  the  caldnation  has 
been  conducted  as  above,  the  product  is  ex- 
cessivdy  ftdminating,  so  that,   without  the 
least  compression,  it  gives  rise  to  a  violent 
detonation  on  contact  with  water.     100  parts 
of  antimony,  76  of  carburetted  cream  of  tartar, 
and  12  of  lamp  black,  triturated  togather,  form 
also  an  excellent  mixture.     A  piece  of  the 
size  of  a  pea  of  this  fulminating  compound 
introduced  into  a  mass  of  gunpowder  explodes 
it  when  thrown  into  water.    It  is  to  the  pre- 
sence of  potasdum  that  the  above  explosive 
properly  is  due.    60  parts  of  carburetted  cream 
of  tartar,   120  of  bismuth,  and  1  of  nitre, 
treated  as  above,  yield  an  alloy  very  rich  in 
potassium,  of  which  the  smallest  portion  cut 
with  sdssars  sparkles.    When  bruised  it  melts^ 
and  bums.— ^nn.  de  CMvu  Oct  1822. 
ANTS.     See  Acid  (Fohmic). 
APATITE.     Phosphate  of  lime.     This 
mineral  occurs  both  massive  and  trystallized. 
The  crystals  are  six-sided  prisms,  low,  and 
sometimes  pasdng  into  the  mx-sided  l^ble. 
Lateral  edges,  freiquently  truncated,  and  x\m 
faces  smooth.     Lustre  splendent.     Translu- 
cent, rarely  transparent.     Scratched  by  fluor 
spar.     Brittle.     Colours,  white,  wine-ydlow, 
green,  and  red.    Sp.  grav.  3.1.    Phosphoresces 
on  coals.   Electric  by  heat  and  friction.   Con- 
dsu  of  53.75  lime  +  46.25  phosphoric  acid, 
by  Klaproth*s  analysis  of  the  variety  called 
asparagus  stone.    It  occurs  in  primitive  rocks ; 
in  the  tin  veins  of  the  gnmite  of  St.  Michad*s, 
Mount,  Cornwall;  near  Chudleigh  in  Devon- 
shire ;  at  Nantes  in  France ;  in  St.  Oothard, 
and  in  Spain ;  and  with  molybdena  in  granite, 
near  Colbeck,  Cumberland.      PhotphoriU   is 
massive,  forming  great  beds  in  the  province  of 
Estrenudura.    Yellowish-white  colour.    Doll 
or  glimmering  lustre.    Semi-hard.     Fracture, 


ns.    Grind  carefully  together  100  parts  or  imperfect  curve  foliated.     Brittle.    Sp-  grav, 

and  3  parts  of  lamp  black,  or    2.8.    Phosphorescent  with  heat     Its  compo- 

^     *-^  "      gition  by  Pelletier  is  69  lime,  34  phosphoric 

add,  1  carbonic  add,  2.5  fluoric  acid,  2  silica, 

1  oxide  of  iron,  and  0.5  muriatic  acid. 

APHIiOOISTIC   LAMP.      One   which 
bums  without  flame.    See  Combustiox. 


erdinaiy  charcoal  powder.  Cradbles  capable 
of  holding  about  3  ounces  of  water,  to  be  only 
tfane-foorths  filled,  are  to  be  ground  smooth 
«  iJitateig^  ^^  nibbedindde  with  powdered 
ebBOHdf  00  as  to  dust  lightly  their  suxfoce. 
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APHANITE.  This  is  the  name  given 
b^  Hte&y  to  a  vock  apparently  hoisogeiioous, 
httt  Kslly  oompoood,  in  whioi  aftiphibole  is 
llie  predominant  principle.  It  is*  green-stone, 
Ae  distinction  of  whose  parts  is  indiscernible. 
Aphanite  is  included  amdng  the  rocks,  which 
the  older  mineralogists  called  corniennet^  or 
}  lapit  comeuM  trapezius. 

APHRIT£.  Earth  foam;  Schaumeide. 
This  carbonate  of  lime  oecuis  usoally  in  a  fri- 
able state;  but  sometimes  solid.  Colonr, 
almost  silver  white.  Masave,  or  in  fine  par« 
ticles.  Shining  lustre,  between  semi-metaUie 
and  pearly.  Fracture,  curve  foliated.  Opnque; 
soils  a  Httle.  Very  soft,  and  easily  cut.  Feels 
£ne  and  light.  It  is  usually  found  in  caL. 
eareous  veins,  at  Gera  in  Misnia,  and  Eislefaen 
in  Thuiingia.  It  consists,  by  fiucholx,  of  51.6 
^  lime^  39  add,  1  water,  5.7  silica,  3.3  oxide  of 

w-        iron. 

APHRIZITE.    A  variety  of  black  tour- 
maline. 

APLOME.  This  is  commonly  considered 
to  be  a  variety  of  the  garnet ;  but  the  differ- 
ence between  these  minerals  is  this :  the^danes 
of  the  aplome  dodecahedrons  are  striated  paral- 
lel with  their  smaller  diagonal,  ^phich,  accord- 
ing  to  Ha'uy,  indicates  the  primitive  form  to 
be  a  cube,  and  not  a  dodecahedron.  Its  colour 
is  deep  orange-brown.  It  is  opaque,  and 
harder  than  quartz.  Sp.  grav.  is  much  less 
than  garnet,  viz.  3.44.  It  consists,  by  Lau- 
gier*s  analysis,  of  40  silica,  20  alumina,  14.6 
lime,  14  oxide  of  iron,  2  oxide  of  manganese, 
2  silica  and  iron.  It  is  fuable  into  a  black 
*  fflass,  while  garnet  fuses  into  a  black  enamel 
Ti  is  found  on  the  river  Lena  in  Siberia,  and 
.  als^in  New  Holland. 

APOPHVLLITE.  Ichthyophthalmitc. 
Fish-evestone.  It  is  found  both  massive  and 
cry^yaliized.  It  occurs  in  square  prisms,  whose 
^lia  angles  are  sometimes  replaced  by  tdan- 
gular  planes,  or  the  prisms  are  terminated  hy 
pyramids  consbting  of  4  rhomboidal  planes. 
Structure  lamellar ;  cross  fracture,  fine-grained, 
uneven.  External  lustre,  splendent,  and  pecu- 
liar ;  internal,  glistening  and  pearly.  Semi- 
transparent,  or  translucent.  Moderately  hard, 
f  and  easily  broken.  Sp.  grav.  2.49.  It  ex- 
foliates, then  froths,  and  melts  into  an  opaque 
f  bead  before  the  blowpipe.  It  consists  of  61 
silica,  28  lime,  4  jpotash,  17  water.  Vauquelin. 
It  is  found  in  the  iron  mine  of  Utoe  in  Sweden, 
at  the  copper  mine  of  Fahlun,  at  Arendahl, 
Faroe,  the  Tyrol ;  and  Dr.  MacCulloch  met 
with  a  solita^  crystal  in  Dunvegan,  in  the 
Isle  of  Skye. 

APPARATUS.    See  Laboratoey. 

APPLES.    Sec  Acid  (Malic). 
^    APYROUS.   Bodies  which  sustain  the  ac- 
tion of  a  strong  heat  for  a  considerable  time, 
without  chanae  of  figure  or  other  properties, 
have  been  culed  apyrous;   but  the  word  is 

•  Non  manifestus. 


seldom  used  hi  the  art  of  diemistry.    ft  fito 
synonymous  with  rrfractory, 

AQUAFORTIS.  This  name  is  given  to 
a  wtak  and  impure  nitric  aeid,  oommomy  usecl 
in  the  arts.  It  is  distinguished  by  the  tenn* 
double  and  sitigie^  the  single  being  only  halT 
the  strength  of  the  other.  The  artists  who 
use  these  adds  caU  the  more  cdnceotiated  add, 
which  is  much  stronger  even  than  the  doable 
aquafortis,  tpirit  of  nitre.  See  Acid  (Nr- 
Tare). 

AQUAMARINE.    See  Be&tl. 

AQUA  REaiA,  or  REGIS.  This  addl^ 
being  compounded  of  a  mixtnie  of  the  nitric 
and  muriatic  acids,  is  luiw  termed  by  chemists 
nitro-muriatic  add. 

AQUAVITS    Ardent  spirit  oTlhe  first 
distillation  has  been  distinguished  in  eommi 
by  this  name.    The  distillers  of  malt  and  i 
laa&es  spirits  call  it  low  wines. 

AQUILA  ALBA.  One  of  the  nai 
given  to  the  combination  of  muriatic  add  and 
mercury  in  that  state,  which  is  commonly 
known  by  the  denomination  of  mercurius 
-dukitj  calomel,  or  miii  muriofte  ofmereurj/. 

ARABIC  (GUM).  This  is  reckoned  the 
purest  of  gums,  and  does  not  greatly  differ 
from  gum  Senegal,  vulgarly  called  gum  seneca, 
which  is  supposed  to  be  the  strongest,  and  is 
on  this  account,  as  well  as  its  greater  plenty 
and  cheapness,  mostly  used  by  calico  printers 
and  other  manufacturers.  The  gums  of  the 
plum.and  the  cherry-tree  have  nearly  the  same 

n"des  as  gnm  arable  All  these  substances 
tate  the  mixture  of  <nls  with  water.  By 
my  analysis,  gum  arabic  is  composed  in  109 
parts  of  35.13  carbon ;  6.08  hydrogen ;  56.79 
oxygen  ;  and  possibly  3  of  azot& 

ARABLE  LANDS.  Its  a  problem  in 
chemistryi  and  by  no  means  one  of  the  least 
importance  to  sodcty,  to  detennine  what  are 
the  requisites  which  distingiush  ftoitM  lands 
firom  such  as  are  less  productive.  See  Soils, 
and  Analysts  of  Soils. 

ARBOR  DIANiE.    See  Silver. 

ARCHIL,  ARCHILLA,  ROCELLA, 
ORSEILLE.  A  whitish  lichen,  growing 
upon  rocks  in  the  Canary  and  Cape  Vera 
Islands,  which  yields  a  rich  purple  tinctare, 
fugitive  indeed,  but  extremely  beautiful.  This 
weed  is  imported  to  us  as  it  Js  gathered :  those 
who  prepare  it  for  the  use  of  the  dyer,  grind 
it  betwixt  atones,  so  as  thoroughly  to  bmise, 
but  not  to  reduce  it  into  powder,  and  then 
moisten  it  occasionally  with  a  strong  spirit  o£ 
urine,  or  urine  itself  mixed  with  quicklime : 
in  a  few  days  it  acquires  a  purplish-red,  and 
at  length  a  blue  odour ;  in  the  first  state  it  is 
called  archil,  in  the  latter  lacmus  or  litmus. 

The  dyers  rarely  employ  this  drug  ^sy  itself 
on  account  of  its  deamess,  and  the  pernhabl^ 
ness  of  its  beauty.  The  chief  use  they  make 
of  it  is  for  giving  a  bloom  to  other  colours,  as 
pinks,  &Z,  This  is  effected  by  passing  the 
dyed  doth  or  silk  through  hot  water  dighdy 
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IviditeatthiL  TfaebloointlMU 
cmmnMnifited  aoon  dDcajs  npoo  ezpoiure  to 
the  Mr.  Mr.  Hdlot  inforaM  lu,  tfaat  by  the 
edditkm  of  a  little  aolutioD  of  tin,  this  drug 
ghm  •  di»»ble  dye  ;  that  iti  colour  is  at  the 
suie  time  (iuttigpd  towaid  a sesrlet;  and  that 
it  is  the  more  pennaneDt,  in  pioportioD  as  it 
ZRtdea  the  jnon  fiom  its  oatonl  cqIout. 

Pxcperad  aichU  vsiy  mdily  gives  out  its 
ooUitti  to  water,  to  volatile  spirits,  and  to  al- 
cohol; it  li  the  snbstance  principally  made 
use  vi  fm  cafemuig  the  spirits  of  thennome. 
ten.  As  exposQxe  to  the  an  destroys  its  colour 
vpon  doth,  theezdusum  of  the  air  produces  a 
Hae  effect  in  those  faametically  sealed  tubes, 
the  spirits  of  large  tbermometen  becoming  in 
a  lew  yean  colouriess.  The  Abb6  NoUet  ob- 
aerycs,  (in  the  Frendi  Memoirs  for  the  year 
1742),  that  the  cohmrleM  spirit,  upon  break- 
ing ta^  ^iibe»  soon  resumes  its  coloor,  and  this 
lor  a  mmiber  of  times  successively;  that  a 
watoy  tinctme  of  arcbily  included  in  the  tubes 
of  chamoBietaSt  lost  Hs  colour  in  three  days ; 
and  that  in  an  open  deep  vessel  it  became  co^ 
loailess  at  the  bottom,  while  the  upper  part 
SBtsined  its  oolottr. 

A  sQlotion  of  archil  in  water,  applied  on 
cold  maibk,  stains  it  of  a  beautiful  violet  or 
p«rplisli.blae  colour,  fax  more  durable  than 
the  odour  which  it  commtmicates  to  other 
bodies  M«  du  Fay  says,  he  has  seen  pieces 
of  msrble  atained  with  it,  which  in  two  years 
hid  sttAced  do  sensible  change.  Itsinks  deep 
fato  the  marble,  sometimes  above  an  inch,  ana 
at  the  ancne  time  spreads  upon  the  surface, 
aulas  the  edges  be  bounded  by  wax  or  some 
nnilsr  aabstttiee.  It  seems  to  DuJce  the  mar- 
Vk  nmavbat  more  brittle. 

Thoe  18  a  considerable  consumption  of  an 
sticle  of  this  kind  manufactured  in  Olasgow 
^  Mr.  Sf  ackintosh.  It  is  much  esteemed, 
lod  idd  hy  the  name  of  cudbear.  We  have 
Mn  beaiatiliil  spedmeos  of  silk  thus  dyed, 
the  eokMuw  of  which  were  taid  to  be  ver^  per- 
mapcat,  ^  ▼arious  shades,  from  pink  and 
CBmaaa  to  m  bright  mazarine  blue. 

Isttuns  is  likewise  used  in  chemistry  as  a 
t«it»  «idier  staining  paper  with  it,  or  by  in- 
fitsiag  it  in  water,  when  It  is  very  commonly, 
bat  wiifa  gpreat  Impropriety,  called  tincture  of 
t^ntole.  Tbe  persoas  by  whom  this  article 
vas  pqepared  formerly,  pve  it  the  name  of 
taraiole,  pretending  that  it  was  extracted  from 
the  totnsole,  bdiotropimn  tricoccum,  in  order 
ta  ken  its  true  source  a  secret  The  tincture 
iboolanot  be  too  strong,  otherwise  it  will  have 
a  vkkt  tinge,  which,  however,  may  be  re- 
moved  by  dilutkm.  The  light  of  the  sun 
tnmi  it  red  even  in  dose  vessels.  It  may  be 
nsde  with  sphit  instead  of  water.  This  tine 
^nre,  or  puer  stained  with  it,  is  presently 
tuned  red  by  acids:  and  if  it  be  first  red- 
^aeSi  by  a  email  quantity  of  vinegar,  or  some 
^csk  add,  its  blue  cobur  will  be  restored  by 
«dkalL 


ARCTIZIT£.    See  WcRyEBiTE. 

ARDENT  SPIRIT.    See  Alcohoi.. 

ARENDATE.    See  Pi  stag  it  E. 

AREOMETER.     Sec  Hydrometee. 

ARFWEDSONITE.  A  ferruginous  va- 
riety  of  hornbloade.  Colour  black ;  deavage 
planes  much  more  brilliant  than  those  of  horn- 
blende, which  scratches  it.  Sp.  gravity  3.44. 
It  sometimes  accompanies  the  sodalite  from 
Greenland. 

AROAL.  Crude  tartar,  in  the  state  in 
which  it  is  taken  from  the  inside  of  wine  ves- 
sels, is  known  in  the  shops  by  this  name. 

ARGENTATE  OF  AMMONIA.  Ful- 
minating silver. 

ARGENTINE  FLOWERS  OF  AN- 
TIMONY. The  deutoxide  of  the  English 
chemists,  or  the  andmonious  add. 

ARGILLACEOUS  EARTH.   SeeALU- 

MIXA. 

ARGILLITE.    See  Clat-Slate. 

AROMATICS.  Plants  which  possess  a 
fragrant  smell  united  with  pungency,  and  at 
the  same  time  are  warm  to  the  taste,  are  called 
aromatics.  Their  peculiar  flavour  appears  to 
reside  in  thdr  essential  oil,  and  rises  in  dis- 
tillation dther  with  water  or  spirit. 

ARRACK.  A  spirituous  liquor  imported 
irom  the  East  Indies.  It  is  chiefly  manufac- 
tured at  Batavia,  and  at  Goa,  upon  tlie  Ma- 
labar coast. 

ARRAGONITB.  This  mineral  occurs 
massive,  in  fibres  of  a  silky  lustre,  and  in  the 
ibrm  of  fibrous  branches,  diverging  ironf  a 
centre,  Flo$~JerrL  It  is  frequently  crystallized 
in  what  appear  at  first  sight  to  be  regular  six- . 
sided  prisms.  On  dose  inspection  a  longt. 
tudinal  crack  will  be  observed  down  each  late- 
ral face.  It  occurs  also  in  dongated  octobe- 
drons.  Lustre  glassy,  fracture  foliated  and 
fibrous*  Colours  greenish  and  pearl-grey; 
often  violet  and  green  in  the  middle  ;*'and 
arranged  in  the  du^tion  of  the  fibres,  so  tha^ 
&e  longitudinal  fibres  are  green,  the  transverse 
violet-blueu  Double  deavage — translucent— 
refracts  doubly — scratches  c^careous  spar,  and 
sometimes  even  glass— brittle — sp.  grav.  2.90. 
It  consists  of  carbonate  of  lime,  with  occasion, 
ally  a  little  carbonate  of  strontites.  It  is  found 
in  Arragon,  in  Spain ;  at  Leogany,  in  Sals- 
burg  ;  at  Marienberg,  in  Saxony ;  and  Ster- 
ling in  the  Tyrol;  in  the  cavities  of  basalt 
near  Glasgow.  The  finest  specimens  of  the 
Flos-ferri  ramifications  come  from  the  mines  of 
Eisenen,  in  Stiria ;  beautiful  specimens  have 
been  also  found  in  the  Dufton  lead  mines  in 
England,  in  the  workings  of  an  old  coal  mine, 
calkd  Lufton-hill  pit,  near  Durham.  It  also 
occurs  in  the  trap  rocks  of  Scotland. 

ARROW  ROOT.  This  fecula  is  obldned 
from  the  roots  of  the  Maranta  Arundinacea,  ar 
plant  cultivated  in  the  West  Indies.  Tlie  roots 
are  washed,  and  beat  to  a  pulp  in  large  wooden 
mortars,  which  is  afterwards  separated  from 
fibrous  matter  by  agitation  with  water  in  large 
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tubs.  The  milky  liquor  ig  patted  throu^  a 
sieye,  and  allowed  to  subBide.  When  tho- 
roughly washed  and  dried,  it  constitutes  this 
nutritive  species  of  starch  ;  ^ery  analogous  to 
well  purified  potato  starch. 

ARSENIC,  in  the  metallic  state,  is  of  a 
bluish-white  colour,  subject  to  tarnish,  and 
grow  first  yellowish,  then  black,  by  exposure 
to  air.  It  is  brittle,  and  when  broken  exhibits 
a  laminated  texture.  Its  specific  gravity  u 
&763.  In  close  vessels  it  sublimes  entire  at 
356**  F.  but  bums  with  a  small  fiame  if  oxy- 
gen be  present. 

The  arsenic  met  with  in  commerce  has  the 
form  of  a  white  oxide.  It  is  brought  chiefly 
from  the  cobalt  works  in  Saxony,  where  zaffre 
is  made.  Cobalt  ores  contain  much  arsenic, 
which  is  driven  off  by  long  torrefaction.  The 
ore  is  thrown  into  a  furnace,  resembling  a 
L  baker*s  oven,  with  a  flue,  or  horizontal  chim. 
P  ney,  nearly  two  hundred  yards  long,  into 
r  which  the  fumes  pass,  and  are  condensed  into 
a  greyish  or  blackish  powder.  This  is  refined 
by  a  second  sublimation  in  dose  veasela,  with 
a  little  potash,  to  detain  the  impurities.  As 
the  heat  is  considerable,  it  melts  the  sublimed 
flowers  into  those  crystaJline  masses  which  are 
met  with  in  commerce.  See  Acid  (Arse- 
yious). 

The  metal  may  be  obtuned  from  this,  either 
by  quickly  fusing  it  together  with  twice  its 
weight  of  soft  soap  and  an  equal  quantity  of 
alkali,  and  pouring  it  out,  when  fused,  into  a 
hot  iron  cone ;  or  by  mixing  it  in  powder  with 
oil,  and  exposing  it  in  a  matrass  to  a  sand 
.  heat.  This  process  is  too  offensive  to  be  per. 
fbrmed  except  in  the  open  air,  or  where  a  cur. 
rent  of  air  carries  off  the  fumes.  The  deoom. 
'  posed  oil  first  rises ;  and  the  arsenic  is  after, 
wards  sublimed  in  the  form  of  a  flaky  metallic 
substance.  It  may  likewise  be  obtained  by 
misftig  two  parts  of  the  arsenious  acid  with 
one  of  black  flux ;  nutting  the  mixture  into  a 
crucible,  with  anotner  inverted  over  it,  and 
luted  to  it  with  clay  and  sand ;  and  applying 
a  red  heat  to  the  lower  crucible.  The  metal 
will  be  reduced,  and  line  the  inside  oi  the 
upper  crucible. 
It  is  among  the  most  combustible  of  the 
f  metals,  bums  with  a  blue  flame,  and  garlic 
smell,  and  sublimes  in  the  state  of  arsenious 
add. 

Concentrated  sulphuric  add  does  not  attack 
arsenic  when  cold ;  but  if  it  be  boiled  upon 
this  metal,  sulphurous  acid  gas  is  emitted,  a 
amall  quantity  of  sulphur  sublimes,  and  the 
lusenic  is  reduced  to  an  oxide. 

Nitrous  add  readily  attacks  arsenic,  and 
converts  it  into  arsenious  acid,  or,  if  much  be 
employed,  into  arsenic  add. 
«  Boiling  muriatic  acid  dissolves  arsenic,  but 
affu'cts  it  very  little  when  cold.  This  solution 
aflbrds  precipitates  upon  the  addition  of  alkalis. 
The  aoditton  of  a  little  nitric  add  expedites 
the  solution;  and  this  solution,  first  heated 
•od  condensed  in  a  dose  vessel,  is  whoUy  sub- 


limed into  sthbk  liquid,  tenaiy  ta 
ter  ofar$enic.  Thrown  in  powder  iiite  dilo* 
rine  gas  it  bums  widi  a  bright  white  flame, 
and  is  converted  into  a  chloride. 

None  of  the  earths  or  alkalis  act  upon  it, 
unless  it  be  boiled  along  while  in  fine  powder, 
in  a  large  proportion  of  alkaline  solution. 

Nitrates  detonate  with  arsenic,  convert  It 
into  arsenic  acid,  and  this,  oombining  with  the 
base  of  the  nitrate,  forms  an  araeniate,  that 
remains  at  the  bottom  of  the  vessd.  - 

Muriates  have  no  action  upon  it;  bnt  if 
three  parts  of  chlorate  of  potash  be  mixed 
with  one  part  of  arsenic  in  fine  powder,  which 
must  be  done  with  great  precaution,  and  a 
very  light  hand,  a  very  smul  quantity  of  this 
mixture,  placed  on  an  anvil,  and  sttock  wkh 
a  hammer,  will  explode  with  flame  and  m. 
considerable  report;  if  touched  with  fire,  it 
will  bum  with  considerable  rapidity ;  and  if 
thrown  into  concentrated  sulj&uric  acid,  at 
the  instant  of  contact  a  flame  rises  into  the 
air  like  a  flash  of  l^htoing,  which  is  so  bright 
as  to  dazzle  the  eye. 

Arsenic  readily  combines  with  solpbur  by 
fusion  and  sublimation,  and  forms  a  jrelhnr 
compound  cslled  orpimmt^  or  a  red  called 
realgar.  The  nature  of  these,  and  thdr  dif- 
ference, are  not  accurately  known ;  but  Fonr- 
croy  considers  the  first  as  a  combination  of 
sulphur  with  the  oxide,  and  the  second  as  a 
combination  of  sulphur  with  the  metal  itself, 
as  he  found  the  red  sulphuret  converted  into 
the  ydlow  by  the  action  of  adds. 

Arsenic  is  soluble  in  fat  oils  in  a  boiling  heat ; 
the  solution  is  black,  and  has  the  condstenoe 
of  an  ointment  when  cold.  Most  metals  unite 
with  arsenic;  which  exists  in  the  metallic  state 
in  such  alloys  as  possess  the  metallic  brilHancy. 
Iodine  and  arsenic  unite,  forming  an  iodide, 
of  a  dark  purple-red  colour,  possessing  the 
properties  of  an  add.  It  is  soluble  in  water, 
and  its  solution  forms  a  soluble  compound 
with  potash.  Arsenic  combmes  with  hydro- 
gen into  a  verv  noxious  compound,  eaUed  ar. 
senuretted  hydrogen  gas.  lo  prepare  it,  fhse 
in  a  covered  cmdble  3  parts  of  granulated  tin, 
and  1  of  metallic  arsenic  in  powder;  and 
submit  this  alloy,  broken  in  pieces,  to  the 
action  of  muriatic  add  in  a  glass  retort  On 
appljring  a  moderate  heat,  the  aisenuietted 
hydrogen  comes  over,  and  may  be  recdved  in 
a  mercurial  or  water  pneumatic  trough.  Pro* 
tomuriate  of  tin  remains  in  the  retort.  When 
1  of  arsenic  is  used  for  15  of  tin,  the  former 
metal  is  entirely  carried  of  in  the  evolved 
hydrogen.  100  parts  of  this  gas  contain  140 
of  hydrogen,  as  is  proved  by  heating  it  with 
tin.  Its  spedfic  gravity,  according  to  Sir  H. 
Davy,  is  0.5552 ;  according  to  Trommsdoi^ 
0.5293.  Stromeyer  states,  that  by  a  cold  of 
—  22^  it  condenses  into  a  liquid.  Exploded 
with  twice  iu  bulk  of  oxygen,  water  and  oxide 
of  arsenic  are  formed.  When  arsenuretled 
hydrogen  issuing  from  a  tube  is  set  on  fire,  it 
depodts  a  hydruret  of  arsenic.    Sulphur,  po« 
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anbine  with  its  metal ;  and  io  the  am  of 
wiphur,  Milphiiictted  hydragoi  leniUs.    By 
mbtracdng  from  the  npecific  gisvity  of  the 
ascnuiettedgasibatof  hydragengM  X  iM> 
ve  have  the  pnoportkm  of  vieoic  present; 
a55520  —  a00716  =  0.4B804  =  the  sneDic 
m  100  mcasaicB  of  anenoietted  hydrogen; 
vhich  e^ves  the  proportion  by  wei^t  of  about 
5  arsenic  to  1  liyarog[en;    hut  Stroineyer*8 
analysis  by  nitric  add  giTes  about  60  arsenic 
to  1  hydngcn,  whidi  b  probably  raudi  nearer 
the  true  oomposittan.    A  prime  equivalent  of 
hydrogen  is  to  one  of  arsenic  as  1  to  76 ;  and 
2  oooMqueotly  as  1  to  38.    Oehlen  fell  a  Yic 
tim  to  bis  researches  on  this  gss ;  and  thoo- 
fore  the  new  expcnments  req[ui8ite  to  dncidate 
its  eoostitatioD  most  be  conducted  with  dr- 
oamspectim.    If  dilorioe  be  sdded  to  a  mix- 
ture of  aneonietted  and  sulphuretted  hydro- 
gen, die  bulk  diminishes,  and  ydlow-coloured 
flakes  are  deposited.    Concentrated  nitric  acid 
occiMttHa  an  explosion  in  this  gas,  preceded 
by  nitrons  lumei:  but  if  the  add  be  diluted, 
a  aknt  deeomposition  of  the  gss  is  e^cted. 
The  density  of  the  hydrogen  in  this  compound 
gis  is  a09716.     Therefore,  by  Stromeyer*8 
aaalyss,  we  hate  this  proportion  to  calculate 
the  tpec^  graTity  of  the  gas,  2.19  :  0.00710 
: :  (2L19  -f  106)  :  4.827  ;  a  quantitjr  nearly  9 
tsnei  greater  than  what  experiment  has  given. 
Thb  gas  extinguishes  flsme,  snd  instantly 
destroys   animal  life.     Water  has  no  effect 
spon  it.     From  the  experiments  of  Sir  U. 
my  and  MM.  Gay  Lossac  and  Tbenard, 
there  appears  to  be  a  solid  compound  of  hy- 
drogen Kid  arsenic,  or  a  hydruret.  It  is  farmed 
by  acting  with  the  negative  pole  of  a  voltaic 
bittery  oo  arsenic  plunged  in  water.  It  is  red* 
diib-brown,  without  lustre,  taste,  or  smelL  It  is 
net  decomposed  at  a  heat  approadiing  to  cherry- 
nd ;  but  at  this  temperature  it  absorbs  oxygen ; 
vhile  water  and  arsenious  and  are  formed,  with 
^  evolution  of  heat  and  light.  Thepropor- 
tioD  of  the  two  constituents  is  not  known. 

AtMBic  is  used  in  a  variety  of  arts.  It 
inters  iato  metallic  combinations,  wherefai  a 
white  colour  is  required.  Olsss  msnufocturers 
Qse  it;  but  its  effect  in  the  composition  of 
(to  does  not  seem  to  be  dearly  explained. 
Orpinicnt  and  raalgar  are  used  as  pigments. 
See  Acids  (Aasekic,  and  Absemious,) 
asd  Salt. 

ASAFCETIDA  is  obtained  from  a  large 
nmbdliferous  plant  growing  in  Persia.  The 
not  resembles  a  large  parsnq),  externally  of 
a  black  eolonr :  on  cutting  it  transversely,  the 
Msfistida  exudes  in  fora)  of  a  white  thick 
joioc;,  Kke  cream ;  which,  ftom  exposure  to 
the  sir,  beeoines  ydlower  and  yellower,  and  at 
la«t  of  a  dark  biown  colour.  It  is  very  apt  to 
nm  into  putrefaction ;  and  hence  those  who 
eoUect  it  cajrefolly  defend  it  firom  the  sun. 
The  fresh  juice  has  an  exoessivdy  strong 
snell,  which  ijrows  weaker  and  weaker  upon 
keeping;    a   smgle  diam  of  the  fresh  fluid 


jtties  11116111  move  ten  a  hundred  pounds  of 
the  dry  assfoetida  broudit  to  us.  The  Per« 
slans  are  commonly  obuged  to  hire  ships  on 
purpose  for  its  carriage,  as  scaredy  anv  ona 
wiU  receive  it  along  with  other  coinmoaitiesy 
its  stendi  infecting  every  thing  that  oomsi 
near  It. 

The  common  asaftstida  of  the  shops  is  of  a 
yellowish  or  brownish  odbur,  unctuous  and 
tough,  of  an  acrid  or  biting  taste,  and  a  strong 
diss^reeable  smell,  resembling  that  of  garlic. 
From  four  ounces  Neumann  obtained,  by  rec- 
tified spirit,  two  ounces  six  drams  a^  a  half 
of  resinous  extract ;  and  afterward,  by  watet^ 
three  drams  and  half  a  scruple  of  gummy  ex* 
tract,  about  six  drams  and  a  scruple  of  esrtiiiy 
matter  reoudning  undissolved.  On  applying 
water  at  first,  1m  gained,  ftom  four  ounces, 
one  ounce  three  scruples  snd  a  hslf  of  guomiy 
extract 

Asafbetida  is  administered  in  nervous  and 
hysteric  aflfections,  as  a  deobstruent,  and  some- 
times as  an  anthelmintic.  A  tincture  of  it  is 
kept  in  the  shops,  and  it  enters  into  the  com. 
position  of  the  compound  galbanum  pill  of 
the  London  college,  the  gum  pill  of  former 
dispensatories. 

ASBESTOS  or  ASBESTUS.  A  nUneial 
of  which  there  are  five  varieties,  all  more  or 
less  flexible  and  fibrous. 

1.  Amianthut  occurs  in  very  long,  fine, 
flexible,  elastic  fibres,  of  a  white,  greenish,  or 
reddish  colour.  It  is  somewhat  unctuous  to 
the  touch,  has  a  silky  or  pearly  lustre,  and  is 
slightly  translucent.  Sectile ;  tough ;  sp.  gr. 
from  1  to  2.3.  Melts  with  diflScul^  befas0 
the  blowpipe,  into  a  white  enamel  It  is 
usually  found  in  serpentine ;  in  the  TsreotaiM 
in  Savoy;  in  long  and  beautiful  fibres,  in 
Corsica ;  near  Bareges,  in  the  Pyrenees ;  in 
Dauphiny  and  St.  Oothard ;  at  St.  Kev«ne, 
Cornwall;  at  Portsoy,  Scotland;  in  mica 
slate  at  Olenelg,  Inverness-shire,  and  near 
Durham.  It  consists  of  59  silex,  26  mayiesia, 
9.5  lime,  3  slumina,  and  2.26  oxide  of  iron. 

The  ancients  manu&ctured  cloth  out  of  the 
fibres  of  asbestos,  for  the  purpose,  it  is  said, 
of  wrapping  up  the  bodies  of  the  dead,  when 
exposed  on  the  funeral  pile.  Seveal  modens 
have  likewise  succeeded  in  making  this  doth ; 
the  chief  artifice  of  which  seems  to  consist  in 
the  admixture  of  flax  and  a  liberal  use  of  oil  ; 
both  which  substances  are  afterwards  consumed 
by  exposing  the  doth  fbr  a  certain  time  to  a 
red  heat  Although  the  doth  of  asbestos, 
when  soiled,  is  restored  to  its  primitive  white- 
ness by  heating  in  the  flre ;  it  is  fbund,  never, 
thdess,  by  several  authentic  experiments,  that 
its  weight  diminishes  by  sudi  trestmenu  The 
fibres  of  asbestos,  exposed  to  the  violent  heat 
of  the  blowpipe,  exhibit  slight  indications  of 
fusion ;  thougn  the  parts,  instep  of  running 
together,  moulder  away,  and  part  fall  down, 
while  the  rest  seem  to  disappear  before  the 
current  of  air.  Ignition  unpairs  the  fi«xibility 
of  asbestos  m  a  slight  degree. 
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%,  Comf^(m  AAettnt  ocem  in  vmm^t  «( 
fibres  of  a  duU  greenish  colour^  and  of  a  some- 
what pearly  lustre.  Fragmeois  splintery.  1% 
is  Bcaiedy  fleadble,  and  greatly  denser  thaii 
yifiiitnriin..  It  ia  slightly  unctuous  to  the 
touch*  Sp.  erar.  2.7-  Fuses  with  diffieulty: 
into  a  greyisn-black  scoria.  It  is  composed 
«f  d3w9  silica,  16  magnesia,  12.8  lime,  6  oxide 
of  iron,  and  1.1  ahimioa.  It  is  moire  abuo- 
^t  than  amiantfausy  and  is  found  usually  in 
serpentine,  as  at  PortMiy^  the  Isle  of  Angloea, 
and  the  Lizard  in  Cornwall.  It  was  itiuod  in 
(he  limestone  of  C^entik,  by  Dr.  MH^ullocfa, 
in  a  pasty  state,  but  it  aoon  haidened  by  ex- 
posure to  air. 

3.  Mountam  Leather  consists  not  of  parallel 
ibres  like  the  pseoeding,  but  interwoven  and 
interlaced  so  as  to  become  tough.  When  in 
f«ry  thin  pieces  it  is  called  wutuntMM  papers 
Its  colour  is  yellowish-white,  and  its  touch 
ttieagre.  It  is  found  at  Wanlockhead,  in 
LanarkshircL   Its  specific  grsTity  is  uncertain. 

4.  Momdaki  Carkj  or  EUuUc  Aihettut,  is, 
like  the  preceding,  of  an  interkoed  fibrous 
texture;  is  opaque,  has  a  meagre  feel  and 
appearance,  not  unlike  common  cork,  end  like 
it  too,  is  somewhat  elastic.  It  swims  on  water. 
Its  colouis  are,  white,  grey,  and  yeUowish- 
brown.  BecdTCS  an  impreanon  from  the  nail ; 
veiT  tough ;  cracks  when  handled,  and  meltiri 
with  di&ulty  befece  the  bbwpip&  Sp.  geav. 
from  0.68  to  0.90.  It  is  composed  of  silica 
88,  carbonate  of  lime  12,  carbonate  of  mag- 
nesia 23,  alumina  2.8,  oxide  of  iron  3. 

6.  Mountam  WootL  Ligniform  asbestns. 
ii  usually  massive,  of  a  brown  colour,  and 
having  the  aspect  of  wood.  Internal  lustre 
.  glinmering.  Soft,  secdle,  and  toudi ;  opaque; 
&els  meagre ;  fusible  into  a  bladk  slag.  Sp. 
grav.  2.0.  It  is  found  in  the  Tyrol ;  Dau- 
pfaia^ ;  and  in  Scotland,  at  Olentilt,  Portsoy, 
and  Kildrumie. 

ASHES.  Thefixed  residue  of  oombustible 
substances,  which  remains  after  they  have  been 
burned,  is  called  ashes.  In  chemistry  it  is 
most  commonly  used  to  denote  the  residue  of 
T^etaUe  combustion. 

ASPARAGIN.  Wlute  transparent  crys- 
tals, of  a  peculiar  vegetable  principle,  whidi 
flpontaneously  fimn  in  asparagus  juice  which 
las  been  evaporated  to  the  oonsistence  of  syrup. 
They  are  in  the  form  of  rhomboidal  prisma, 
hard  and  brittle,  havins  a  cool  and  slightly 
■anseous  taste.  They  dissolve  in  hot  water, 
but  sparingly  in  cold  water,  and  not  at  all  in 
akohoL  On  being  heated  they  sweU,  and 
emit  penetrating  v^wurs,  which  affect  the 
eyes  and  nose  like  wood-smoke.  Their  solu- 
tion does  not  change  vegetable  blues ;  nor  is 
it  affected  by  hydro-sulphuret  of  potash,  oxa- 
late of  jffnmnaiia^  acetate  of  lead,  or  inftision  of 
Lune^duengages  ammonia  fiom  it; 
none  is  evolved  by  triturating  it  with 
The  ai^Muragus  juice  shoula  be  first 
I  to  ooagnhite  the  albumen,  then  fitered 


and  left  tn  speatneoni  «n|)ondoa  fix  lAmr 

10  days.  Along  wi^  the  aspangin  crystals, 
odiers  in  needles  of  Uttle  oonsisteney  appear, 
analogous  to  pummHet  from  which  the  first 
dui  bar  easily  pidced  oo/L-^VaMqueHM  and 
Hobiqnet.  Anttalet  de  Chknk,  voL  65.  a$kd 
NickoUon't  Journal,  15. 

ASPHAIiTUM.  This  anbstanoe,  keli- 
wise  called  Bitumen  Judaicum,  or  Jews* 
Pitch,  is  a  smooth,  hard,  brittle,  bki^  or 
brown  substance,  which  breaks  with  a  pofish, 
melts  easily  when  heated,  and  when  jpiire  bums 
without  laving  any  ashes.  It  is  nmnd  in  m 
soft  or  liquid  state  on  the  sur&ce  of  the  Uead 
Sea*,  but  by  age  grows  dry  and  hard.  The 
same  land  of  bitumen  is  likewise  Ibvnd  in  the 
earth  hi  other  pa|ts  of  the  world ;  in  China; 
America,  narticularly  in  the  island  of  Tri- 
nidad ;  and  some  parts  of  Europe,  as  tho  Car- 
pathian hills,  France,  Neufchatd,  ftc.  Its 
specific  gravity,  according  to  Boyle,  is  1.400» 
to  Kirwau,  from  1.07  to  1.66.  A  specimen 
from  Albania,  of  the  specific  gravity  of  1.205, 
examined  by  M.  Rlaproth,  was  found  to  be 
soluble  only  in  oils  and  in  ether.  Five  parts 
of  rectified  oil  of  petroleum  dissolved  one  of 
the  asphaltum,  without  heat,  in  24  hours. 
Analysed  in  the  dry  way,  100  grains  aiRirdecl 
82  of  bituminous  ofl,  6  of  water  faintly  ammo- 
niacal,  3Q  of  charcoal,  7^  of  silex,  7i  of  aln- 
mina,  f  of  lime,  1-^  oxide  of  iron,  •§  oxide  of 
manganese,  and  36  cubic  inches  of  nydrogen 
gss. 

According  to  Neumann,  the  asphaltum  of 
the  shops  is  a  very  different  compound  from 
tile  native  bitumen ;  and  varies,  o(  course^  in 
its  properties,  aco(nding  to  the  nature  of  the 
ingredients  made  us  of  in  forming  it.  On  this 
account,  and  probably  from  other  reasons,  the 
use  oF  asphaltum,  as  an  article  of  the  materia 
medica,  is  almost  tcMally  laid  aside. 

The  Egyptians  used  asphsltum  in  embalm- 
ing, under  tne  name  of  mnmia  mmeralia,  for 
whidi  it  is  well  adapted.  It  was  used  for 
mortar  at  Babylon. 

ASSAY,  or  ESSAY.  This  operation 
eonsists  in  determining  the  quantity  of  valu- 
able or  precious  metal  contained  in  any  mine- 
ral or  metallic  mixture,  by  analy^g  a  small 
part  thereof.  The  practical  difference  between 
the  analysis  and  the  assay  of  an  ore  consists 
in  this :  the  analysis,  if  properly  made,  de- 
termines the  nature  and  quantitjes  of  all  the 
partsof  the  compound;  whereas,  the  object  of 


*  In  the  Mem.  of  the  Academy  of  Sciences 
of  Paris  for  1778,  there  is  an  analysis  of  the 
water  of  this  sea  by  Messrs.  Macquer,  La- 
voisier, and  Sage;  by  whidi  it  ^»pears  to 
contain  22  per  cent,  of  muriate  of  magnesis, 
16(  of  muriate  of  lime,  and  6^  of  muriate  of 
soda.  Its  specific  gravity  is  1*26^  It  is 
limpid,  and  without  imdl. 
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fhe  flaanr  ookirfstB  in  ascertainil^  Iww  much  of 
Che  parocnlar  metal  in  quesdon  nucy  be  oon- 
tnned  in  m  oertidn  determinate  quaotitj  of  the 
Bttterial  under  examination.  Thus,  in  the 
Ksay  of  gold  or  sOveT,  the  haser  metab  an 
ttVDsidered  as  of  no  Taloe  or  consequence ;  and 
the  problem  to  be  resolved  is  simply,  how 
mu^  of  each  is  contained  in  the  ingot  or  piece 
•f  metal  intended  to  be  assayed.  The  era- 
mination  of  metalltc  ores  may  be  seen  under 
their  respective  titles ;  the  present  article  will 
therefore  consist  of  an  account  of  the  assaying 
of  gold  and  silver. 

To  obtain  gold  or  silver  in  a  state  of  parity, 
or  to  ascertain  the  quantity  of  aQoy  it  may 
contain.  It  is  exposed  to  a  strong  heat,  together 
with  lead,  in  a  porous  crucible.    This  opera- 
tion is  called  copellationi  and  is  performed  as 
foilowa :  The  precious  metal  is  put,  together 
with  a  dae  proportion  of  lead,  into  a  shallow 
crucible,  made  of  bumed    bones,   called  a 
cupel ;  and  the  fusion  of  the  metals  is  effected 
by  exposing  them  to  a  considerable  heat  in  a 
muffle,  or  small  earthen  oven,  fixed  in  the 
midst  of  a  fiimace.     The  lead  continually 
vitrifies,  or  becomes  converted  into  a  glassy 
calx,  which  dissolves  all  the  imperfect  metals. 
This  fluid  glass,  with  its  contents,  soaks  into 
the  cupel,  and  leaves  the  precious  metals  in  a 
state  of  purity.     During  the  cupeEation,  the 
sQoric  running  down  on  all  sides  of  the  metal- 
lie  mass  prodoce  an  appearance  called  circu- 
IstioQ :  by  which  the  operator  judges  whether 
the  process  be  going  on  well.     When  the 
metal  is  nearly  pure,  certain  prismatic  colours 
ilaah  saddenly  across  the  surface  of  the  glo. 
bole,  which    soon    afterward    appean  very 
ImlBaDt  and  dean :  th»  is  called  tne  brigfaten- 
ing,  and  shows  that  the  separation  is  ended. 

After  gold  has  passed  the  cupd,  it  may  still 
wotsin  either  of  the  other  perfect  metals, 
pfatina  or  silver.  The  former  is  seldom  sus- 
pected ;  the  latter  is  separated  by  the  opera- 
tions called  quartation  and  parting.  Quarta- 
<ion  cimsists  in  adding  dnee  parts  of  ^ver  to 
^  supposed  gold,  and  fusing  them  togedier ; 
by  wh^  means  the  gold  becomes  at  most  one- 
fourth  <ii  the  mass  only.  The  intention  of 
this  is  to  separate  Ae  portides  of  gold  from 
«sdi  other,  so  that  they  may  not  cover  and 
defend  the  silver  frotn  the  action  of  the  nitric 
*od,  which  is  to  be  used  in  the  process  of 
pvting.  Partmg  consists  in  exposing  the 
DMSB,  previotisly  hammered  or  rolled  out  thin, 
to  the  action  of  aeven  or  eight  times  its  weight 
sf  boiiiog  nitric  acid  of  a  due  strength,  llie 
frst  portion  of  nitric  add  being  poured  off, 
*bout  half  the  quantity,  of  a  somewnat  greater 
ttrengdi,  is  to  be  poured  on  the  remaining 
9^;  and  if  it  be  supposed  that  this  has  not 
•tiisolved  an  the  silver,  it  may  even  be  re- 
peated a  second  time.  For  the  first  operation 
tt  acid  of  the  specific  gravity  of  1.280  may  be 
Died,  dilated  whh  an  equal  quantity  of  water ; 
kt  the  teomd,  an  add  about  1.26  may  be 


tfliken  undiluted.  If  the  add  be  not  too  con- 
centrated, it  dissolves  the  silver,  and  leaves  the 
gold  in  a  porous  mass,  of  the  original  form  ; 
ut,  if  too  strong,  the  cold  is  in  a  powdery 
form,  whidi  may  be  washed  and  driea.  The 
wdght  of  the  original  metal  before  cupellation, 
and  in  all  the  subsequent  stages,  serves  to 
ascertain  the  degree  of  fineness  of  the  ingot,  or 
ore,  of  which  it  is  a  part. 

In  estimating  or  expressing  the  fineness  of 
gold,  the  whok  mass  spoken  of  is  supposed 
to  weigh  twenty-four  carats  of  twelve  grains 
each,  dther  real,  or  merely  proportional,  like 
the  assayer's  wdghts ;  and  the  pure  gold  it 
called  fine.  Thus,  if  gold  be  said  to  be  23 
carats  fine,  it  is  to  be  imderstood,  that  in  a 
mass  weighing  24  carata,  the  quantity  of  pure 
g(dd  amounts  to  23  carats. 

In  such  small  works  as  cannot  be  assayed 
by  scraping  off  a  part,  and  cupelling  it,  the 
assayers  endeavour  to  ^certain  its  quality  or 
fineness  by  the  touch.  This  is  a  method  of 
comparing  the  colour,  and  other  properties,  of 
a  minute  portion  of  the  metal,  with  those  of 
small  bars,  the  oomposidon  of  which  is  known. 
These  bars  are  called  touchneedles ;  and  they 
are  rubbed  upon  the  black  basaltes,  whidi,  for 
this  reason,  is  called  the  touchstone.  Black 
flint  or  pottery  will  serve  the  same  purpose. 
Sets  of  gold  needles  may  consist  of— pure 
gold ;  pure  gold  23^  carats,  with  half  a  carat 
of  silver ;  23  carats  of  gold,  with  one  carat  of 
diver;  22|^  carats  of  gold,  with  I J  carats  of 
silver ;  and  so  on,  till  the  silver  amounts  to 
four  carats;  after  wfaidi  the  additions  may 
proceed  by  whole  carats.  Other  needles  may 
be  made  in  the  same  manner,  with  copper 
instead  of  silver ;  and  oAer  sets  may  have  the 
addition  consisting  dther  of  equal  parts  silver 
and  copper,  or  such  proportions  as  the  ooca* 
dons  of  business  require.  The  examinadon 
by  the  toudi  may  be  advantageously  employed 
previous  to  quartation,  to  indicate  the  quantity 
of  silver  necessary  to  be  added. 

In  foreign  countries,  where  trinkets  and 
small  work  are  required  to  be  submitted  to  the 
assay  of  the  touch,  a  variety  of  needles  are 
necessarv;  but  thev  are  not  much  used  in 
England.  They  aitord,  however,  a  degree  of 
information  which  is  more  considerable  than 
might  at  first  be  expected.  The  attentive 
aasayer  not  only  compares  the  colour  of  the 
stroke  made  upon  the  touchstone  by  the  metal 
under  examination,  with  that  produced  by  hia 
needle ;  but  will  likewise  attend  to  the  sensa- 
tion of  roughness,  dryness,  smoothness,  or 
greasiness,  whidi  the  texture  of  the  rubbed 
metal  exdtes,  when  abraded  by  the  stone. 
When  two  strokes  perfectlv  alike  in  colour 
are  made  upon  the  stone,  be  may  then  wet 
them  with  aquafortis,  which  will  affect  them 
very  differently,  if  thw  be  not  rimilar  compo- 
dtions ;  or  the  stone  itself  may  be  made  red- 
hot  by  the  fire,  or  by  the  blowpipe,  if  thin 
black  pottery  be  used ;  in  whidi  case  the  phe- 
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nomcoa  of  oxidatioii  will  differ  accorfing  to 
the  DBtuie  and  quantitj  of  the  aUoy. 

The  French  government  hat  from  time  to 
time  caused  Taiioua  experimental  inquiries  to 
be  made  leapecting  the  art  of  assaying  gold, 
which  have  thrown  much  light  on  this  subject, 
and  greatly  tend  to  produce  uniformity  in  the 
results  of  tne  operation.  The  latest  report  on 
this  subject  may  be  seen  in  the  Annales  de 
Chimie,  toL  vi  p.  64. ;  which  may  be  con. 
suited  for  a  full  account  of  the  experiments 
and  histoiT  of  former  proceedings.  The  ge- 
n.eFal  result  is  as  follows,  nearly  in  the  words 
of  the  authors :— . 

Six  principal  drcnmstanoes  appear  to  afiect 
the  operation  of  parting:  namely,  the  quantity 
of  add  used  in  parting,  or  in  the  first  boiling; 
the  concentration  of  this  add ;  the  time  em. 
ployed  in  its  application ;  the  quantity  of  acid 
made  use  of  in  the  reprise,  or  second  opera- 
tion ;  its  ooncentmtion ;  and  the  time  during 
which  it  is  applied.  From  the  experiments  it 
has  been  shown,  that  each  of  these  unfavour- 
able  drcumstsnces  mig^t  easily  occasion  a  loss 
of  from  the  half  of  a  thirty-second  part  of  a 
cant,  or  two  thirty-second  parts.  The  writers 
explain  their  teclmical  language  by  observing, 
that,  the  whole  mass  consisting  of  twenty-four 
carats,  tl^  thirty-second  part  denotes  1.768th 
part  of  the  mass.  It  may  easily  be  concdved, 
therefore,  that  if  the  whole  six  circumstances 
were  to  exist,  and  be  productive  of  errors 
fidUng  the  same  way,  the  loss  would  be  very 
considerable. 

It  is  therefore  indiroensably  necessary,  that 
•ne  uniform  process  should  be  followed  in  the 
assays  of  gold ;  and  it  is  a  matter  of  astonish. 
.  ment,  that  sudi  an  accurate  process  should  not 
have  been  prescribed  by  government  for  as- 
sayers  in  an  operation  of  such  great  oommer- 
dal  importance,  instead  of  every  one  being 
left  to  follow  his  own  judgment.  The  process 
recommended  in  the  report  before  us  is  as 
follows: — 

Twdve  grains  of  the  gold  intended  to  be 
assayed  must  be  mixed  with  thirty  grains  <^ 
fine  silver,  and  cupdled  with  108  grains*  of 
lead.  The  cupdlation  must  be  carefully  at- 
tended to,  and  all  the  imperfect  buttons  le- 
jected.  When  the  cupellation  is  ended,  the 
button  must  be  reduced  by  lamination  into  a 
plate  of  1^  inch,  or  rather  more,  in  length, 
and  four  or  five  lines  in  breadth.    This  must 


*  li  gross.  Though  these  doses  d  silver 
and  1^  appoured  to  be  proper  for  all  opera- 
tions of  assaying  gold,  the  commissaries  ob- 
serve,  neverthelMs,  that  gold  of  a  lower  title 
than  eighteen  carats  may  be  alloyed  with  two 
parts,  and  even  less,  of  silver ;  in  order  that 
the  small  mass  of  mietal,  when  it  comes  to  be 
laminated,  may  not  be  too  thin,  so  as  to  break 
in  pieces  during  the  parting. 


be  rolled  up-  upon  a  qidllf  and  placed  in  m 
matrasa  capable  of  hdung  about  three  ooBcea 
of  liquid,  when  fiUed  up  to  its  narrow  past. 
Two  ounces  and  a  half  of  very  pure  aquafortis* 
of  the  strength  of  20  degrees  of  Baame'* 
areometer,  must  then  be  poured  upon  it;  mod 
the  matrass  being  placed  upon  hot  asbea,  or 
sand,  the  add  nnut  be  kept  gently  boiling  for 
a  quarter  of  an  hour ;  the  aod  must  then  be 
cautiously  decanted,  and  an  additional  quan- 
ti^  of  14  ounce  must  be  poured  on  the  metal, 
and  slightly  boiled  for  twdve  minutes.  This 
bang  fikewise  <iardully  decanted,  the  small 

Siral  piece  of  metal  must  be  washed  with 
tered  river  water,  or  distilled  water,  by  filling 
the  matrass  with  this  fluid.  The  vessel  is 
then  to  be  reversed,  by  applying  the  extremity 
of  its  neck  against  the  bottom  of  a  crudble  oi 
fine  earth,  the  internal  surface  of  which  ia  Tciy 
smooth.  The  annealing  must  then  be  made, 
af^  having  separated  the  portion  of.  water 
which  had  fallen  into  the  crudble;  and,  lastly , 
the  annealed  gold  must  be  weighed.  For  the 
certainty  of  this  operation,  two  assays  must  be 
made  in  the  same  nuuiner,  together  with  m 
third  assay  upon  gold  of  twenty.four  carats, 
or  upon  gold  the  foieness  of  whidi  is  peifoctly 
and  generally  known. 

No  conclusion  must  be  drawn  from  this 
assay,  unless  the  latter  gold  should  prove  to 
be  of  the  fineness  of  twenty-four  camta  ex* 
actly,  or  of  its  known  degree  of  fineness  ;  lor, 
if  there  be  either  loss  or  surplus,  it  may  be  in- 
ferred, that  the  other  two  assays,  having  under- 
gone  the  ssme  operation,  must  be  subject  to 
the  same  error.  The  operatton  bdng  made 
aooordiDg  to  this  process,  by  several  swajiiiii, 
in  circumstances  of  importance,  such  as  thoae 
which  relate  to  laige  fabrications,  the  finene« 
of  the  gold  must  not  be  dq>eoded  on,  nor  oon- 
sidered  as  accuratdy  known,  unless  all  the 
assayers  have  obtained  an  unifDcm  resolt,  witfa- 
out  communication  with  eadi  other.  The 
authors  observe,  however,  that  this  identity 
must  be  conndered  as  existing  to  the  aoeuncy 
of  half  of  the  thirty-second  part  of  a  carat. 
For,  notwithstanding  every  possible  precau- 
tion or  uniformity,  it  very  sddom  hiqipens 
diat  an  absolute  a^nement  is  obtained  between 
the  difierent  assays  of  one  and  the  sameiiwot, 
because  the  ingot  itadf  may  difier  in  its  mie- 
ness  in  different  parts  of  its  mass. 

The  assaving  of  silver  does  not  differ  hmn 
that  of  gold,  excepting  that  the  partiiw  tspe- 
ration  is  not  necessary.  A  certain  small  por- 
tion of  the  silver  is  absorbed  by  the  copeL, 
aod  the  more  when  a  larger  quantity  of  lead 
is  used,  unless  the  quantity  of  lead  be  exoes- 
dve;  in  whidi  case  most  of  it  will  be  scorified 
before  it  begins  to  act  upon  the  diver.  Mesan. 
Hellot,  Tillet,  and  Macqner,  from  their  ex- 
periments made  by  order  of  the  Frendi  go- 
vernment, have  ascertained,  that  four  parts  of 
lead  are  requidte  for  silver  of  deven  peony. 
wdgfats  twdve  gnins  fine,  or  oontaiaing  this 
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vei^ii  9i  pme  silvcf ^  sod  twelre  gfaiw  fl£ 
•Dojr  in  twdve  pomyireii^ ;  six  porti  of 
lad  ftr  riber  of  deven  peDnywdgfats;  eight 
pans  lead  for  nlver  of  ten  peDnyweightB ;  ten 
paiti  lead  for  mlver  of  nine  pennywei^ti ; 
mai  ao  on  in  tbe  lame  pngresaon. 


Auay  TadUj  hy  M.  D'Abcet. 
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TUa  taUo  nppoaea,  that  the  title  of  the 
sha  to  be  asHved  n  known ;  but  when  it  U 
Bol,  k  may  be  detamuned  approximately,  by 
qpeMiigintfaB  capd  0.1  part  of  this  silver 
wilh  1  of  lead.  French  gold  and  sQTer  cabx 
finrtiiim  1-lOtfa  of  copper  united  to  the  pre- 
4iDiia  melaL  British  silver  cam  eonsists  of 
19}  wSkwet  and  1  eopper;  our  gold  coin  coo- 
ttlM  11.13ths  of  gold  The  remainder  is 
cidier  copper,  or  amiztoreof  silverand  ooppeic; 

ASTRINGENT  PRINCIPLE.  The 
efiect  eaBed  astringency,  oonsidend  as  distin- 
gBkhMe  by  the  taste,  is  incapable  of  being 
dcfried^  It  is  perceived  in  the  nusks  of  nuts, 
of  vahmla,  in  green  tea,  and  eminently  in  the 
iMsi  giD.  This  is  prabaUy  owing  to  the  dr. 
ciiiiiB>imw,  that  acids  have  likeirise  the  pro- 
psr^  af  romtgating  the  fibres  of  the  month 
sod  tongne,  which  is  considered  as  character. 
ittkof  astringency  as  it  rebtesto  taste;  and 
hedCB  the  gallic  add,  which  Is  commonly  found 
nmled  wim  the  true  astringent  prindple,  was 
loog  ndstafceQ  for  it.  Seguln  wttt  distm* 
guisfaed  them,  and,  fiom  the  use  of  this  prin- 
cmle  in  tanung  skins,  has  given  it  the  name 
of  Iwwin  Their  cbaiacteiiatie  difihences 
8B,  the  gaifie  add  fonna  a  black  predpitate 
vidi  iron ;  the  astungeot  prindple  fonns  an 
insohible  compound  with  aUnunen.  See 
Taxmijt. 

ATACAHITE.  A  native  muriate  of 
t^KK^^K^    See  Obesa 

ATHANOR.  A  kind  of  fomaoe,  which 
faaa  km^  sioee  Idlsn  into  disuse.  The  very 
loi^  aiid  dunUe  epentions  of  the  andnt 


chemises  rendeMd  it  a  desinble  requisite,  tint 
thdr  fires  should  be  constantly  suppUed  widi 
lud  in  proportion  to  the  consumpiian.  The 
athanor  foniaoe  was  peculiarly  adapted  to  thia 
purpose.  Beside  the  usual  parts,  it  was  pro- 
vided  with  a  hollow  tower,  into  which  diarassl 
was  put.  The  upper  part  of  the  tower,  when 
filled,  was  dosdy  shut  by  a  well-fitted  cover ; 
and  the  lower  part  communicated  with  the 
fiie.place  of  the  fomace.  In  consequence  of 
this  dispositiun,  the  charcoal  subsided  into 
the  fixe-place  gradually  as  the  consumption 
made  room  for  it ;  but  that  whidi  was  con- 
tained in  the  tower  was  defended  from  com- 
bustion  by  die  ezdnsion  of  a  proper  supply 
of  air. 

ATMOMETER.  The  name  of  an  hi- 
strument  contrived  by  Professor  Leslie,  to 
mesauie  the  quantity  of  exhalation  firam  a 
humid  surface  in  a  given  time.  It  oonsiits 
of  a  thin  bdl  of  porous  eBrtlien.vrare,  two  or 
three  indies  in  diameter,  with  a  small  neck, 
to  which  is  firmly  cemented  a  long  and  radier 
wide  tube  of  (^bas,  bearing  dividons,  eadi  t^ 
diem  corresponding  to  ao  internal  annular 
section,  equal  to  a  film  of  liquid  that  would 
cover  the  outer  surface  of  the  ball  to  the  thick- 
ness of  the  thousanddi  part  of  an  inch.  These 
diviskms  are  ascertained  by  a  simple  calcula- 
tion, and  numbered  downwards  to  the  extent 
of  100  or  200*  To  die  top  of  the  tube  is 
fitted  a  brsss  cap,  having  a  collar  of  leather, 
and  which,  after  the  cavity  has  been  filled 
with  distOled  or  boiled  water,  is  screwed  tiffht. 
The  outside  of  the  bsll  being  now  wiped  dry, 
the  instrument  is  suspended  out  of  doors,  and 
exposed  to  die  firee  acdon  of  the  air.  The 
quantity  of  evaporation  from  a  wet  ball  is  the 
same  as  ftom  a  drde  having  twice  the  dia- 
meter of  die  sphere.  In  the  atmometer,  the 
humidity  transudes  duongh  the  porous  sub- 
stance, just  as  fast  as  it  evaporates  firom  the 
extemid  surface ;  and  this  waste  is  measured 
by  the  corresponding  descent  of  water  in  the 
stem.  At  the  same  time,  the  dghtnesa  of  the 
coUar  takmg  ofl^  the  pressure  d  die  column 
of  liquid,  prevents  it  from  oodng  so  profusdy 
as  to  drop  £rom  the  ball;  an  inconvenience 
which,  in  the  case  of  very  fiedde  evaponttian, 
might  otherwise  take  place.  As  the  process 
goes  on,  a  eorrespondingpordon  of  air  is  like- 
wise  imbibed  by  the  moisture  on  the  outside, 
and  being  introduced  into  the  ball,  rises  in  a 
small  stream  to  replace  die  water.  The  rate 
of  evspoiation  is  nowise  afiected  by  the  qua- 
lity  of  the  porous  balL  It  continues  exacUy 
the  same  when  die  exhaling  surface  appears  a£> 
roost  dry,  and  when  it  glistens  with  superfluous 
moisture.  Wlien  the  consumption  of  water 
is  excesdve,  it  may  be  allowed  to  perooSate  by 
unscrewing  the  cap,  taking  care,  however,  to 
let  no  drops  fUL 

In  a  review  of  Leslie's  Meteorology,  pub- 
lished hi  die  Journal  of  Sdence  fbr  October 
1628,  the  writer  veoommendsavessd  of  porous 
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MrdicD-wara,  of  a  grren^  miz&cb,  SOtd  with 
irmter,  to  be  poised  at  the  end  of  »  bnlanoB, 
and  the  loen  of  weight  which  it  Miffeis  by 
evaporation  in  a  given  time  to  be  noted.  •  A 
thennomeier  being  iniert«d  into  the  mouth  of 
the  vessel,  will  indicate  the  temperature  of  the 
cvapoiating  mass;  and  would  form  at  the 
flame  time  a  good  hygrometer,  on  Dr.  Black's 
principle,  that  the  degree  of  cold  generated  by 
evaporation  is  proportional  to  the  dxyness  of 
the  air. 
ATMOSPH£R£.     See   Am   (Atmo. 

8PBE  AICAZtX 

ATOMIC  THEORY.  See  Equiva- 
I.SVTS  (ChemicalX 

ATROPIA.  A  poisonous  vegetable  prin. 
ctple,  probably  alkaline,  recently  extracted 
£^m  the  Atropa  belladonna^  or  d^dly  nighu 
shade,  by  M.  Brandes. 

He  boiled  two  pounds  of  dried  leaves  of 
atropa  belladonna  in  a  sufficient  qoantity  of 
water,  pressed  the  decoction  out,  and  boiled 
the  remaining  leaves  again  in  water.  The 
decoctions  were  mixed,  and  tome  sulphuric 
acid  was  added  in  order  to  throw  down  the 
albumen  and  similar  bodies ;  the  solution  is 
thus  rendered  thinner,  and  passes  more  readily 
through  the  filter.  The  decoction  was  then 
supenatuzated  with  potash,  by  which  he  ob« 
tained  a  precipitate  that,  when  wadted  with 
pure  water  and  dried,  weired  89  grains  It 
consisted  of  small  crystals^  fiom  which,  by 
solution  in  adds,  and  predpitation  by  alkalis^ 
the  new  alkaline  substance,  atropia,  was  ob- 
tained in  a  state  of  purity. 

The  external  appearsncs  of  atropia  varies 
ooiisiderably,  accordmg  to  the  different  me* 
.thods  by  wliich  it  is  obtained.  When  preci- 
pitated from  the  decoction  of  the  herb  by  a 
solution  of  potash,  it  appears  in  the  form  of 
vsiy  small  short  crvstals,  constituting  a  sandy 
powder.  When  thrown  down  by  ammonia 
mun  an  aqueous  solution  of  its  salts,  it  ap<- 
pears  in  Hakes  like  wax,  if  the  solution  is 
much  diluted ;  if  ooncentrated,  it  is  gdatinoua 
like  predpitated  alumina;  when  obtained  by 
the  cooling  cf  a  hot  solutkmin  alcohol,  it 
cr^stallixes  in  long,  adcular,  transparent, 
brilliant  cr^tals,  o&a  exceeding  one  inch  in 
length,  v^ich  are  sometunes  feathery,  at  other 
times  star,  like  in  appesrsnce,  and  sometimes 
they  are  single  crystals.  Atropia,  however, 
is  obtained  in  sodi  a  crystalline  state  only 
when  rendered  perfectly  pure  by  repeated  so- 
lution in  muriatic  add,  and  predpitation  by 
ammonia.  When  pure,  it  baa  no  tsate.  Gold 
Irater  has  hardly  any  effect  upon  dried  atropia, 
but  it  dissolves  a  small  qnandty  when  it  is  r&. 
Gently  predpitated ;  and  boiling  water  dissdvca 
still  more.  Cold  alcohol  £fsolvos  but  a 
minute  portion  of  atropia ;  but  when  boiling;, 
it  readily  dissolves  it.  Ether  and  oil  of  t«iw 
pentine,  even  when  boilhig,  have  little  eCect 
on  atropia. 

Sulphate  of  atropia  crystallisea  in  liumv 


tables  ipd  prisms  with  aoaare  haaea. 

It  is  soluble  in  four  or  five  parts  of  cold  waier. 
It  seems  to  effloresce  in  the  air,  when  fieed  as 
much  as  possible  from  adhering  sulphuric 
add,  by  pressure  between  the  folds  of  blotting 
paper.  Its  composition  by  Mr.  Biaiidea 
seems  to  be, 

Atropia,  3&93 

Sulphuric  add,  36.52 

Water,  24.66 

loaoo 

This  analysiH  would  make  the  prime  eqni. 
valent  of  atropia  so  low  as  5.3,  oxygen  bebg  1. 
Muriate  of  atropia  appears  in  beautiAil  white 
brilliant  crystals,  which  are  dther  cubes  or 
square  plates  similar  to  the  muriate  of  datnrta^ 
He  makes  the  composition  of  this  salt  to  be» 

Atropm,  39.19 

Muriatic  add,  26.40 

Water,  36.41 

100.00 

This  analysis  was  so  conducted  aa  to  be 
entitled  to  little  attention.  Nitric,  acetic, 
and  oxalic  adds  dissolve  atropia,  and  fonn 
acieular  salts,  all  soluble  in  water  and  aloohoL 
Mr.  Brandes  was  obliged  to  discontinue  his 
experiments  on  the  properties  of  this  alkalL 
The  violent  headadm,  pains  in  tile  bade,  and 
giddiness,  with  frequent  nausea  wtneh  tha 
vapour  of  atnmia  oocasioned  while  he  was 
working  on  it,  oad  such  a  bad  eiftct  on  faia 
weak  health,  that  he  has  entiidy  atelsnied 
from  any  iurther  experiments. 

He  once  tasted  a  small  qumtity  of  anlpfaate 
of  atropia.  The  taste  was  not  bitter,  bnt 
merdy  saline;  but  there  soon  loDawcd  violent 
headach,  shaldng  in  the  lunbi,  alt«nate  wea» 
sattons  cf  heat  and  cold,  oppsession  of  the 
chest  and  difficulty  in  breauiing,  and  dimi. 
nished  drcnlataon  of  the  blood.  The  violenoe 
of  thcM  symptoms  ceased  in  half  an  hoar. 
Even  the  vapour  of  the -different  nka  of 
atropia  produces  giddiness.  When  exposed  for 
a  kmg  timo  to  the  vapours  of  a  snitttkwi  of 
nilrate,  phosphate,  or  sulphate  of  atropia,  the 
pupil  of  the  eve  is  dilated.  Thia  happened 
frequently  to  him,  and  wlien  he  tasted  the 
sidt  of  atropia,  it  oocuned  to  snch  a  dqgnc^ 
that  it  remained  so  for  twdve  hours,  and  the 
difierent  degrees  of  light  had  no  inftnenoe. 
Sehmeigger' 9  Journal,  zzvlii.  !• 

We  may  observe  on  the  above,  that  it  ia 
highly  improbable  that  atrepia  should  have  a 
satmating  power,  intennediate  between  potask 
and  soda.    8ee  BELUOMyvxa. 

ATTRACTION.  Tfas  inatsnoea  of  at- 
tractbn  which  are  exhibited  by  the  pheno- 
mena around  ua,  are  exceedbg^y  immeroiia, 
and  continually  present  themBdWa  to  our  ob- 
Mvation.  Theefiktofgiavi^,  whidicaosea 
the  wd^t  of  bodiefi,  h  so  univenal,  tliat  we 
can  scarcely  fomi  an  idea  how  tb«  naivwie 
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t&M  •nWit  widumt  It.     Olbcr  «tt3nDtiflDi» 

toeh  as  tficMe  «f  magncUsm  and  dLectaieitj, 

»e  likewiae  obflCfraMe  ;  aad  emy  ezperimeiit 

bi  dMfnntrr  tenda  ta  ahow,  mt  bodiea  aie 

eompooed  of  ^ariooB  priadpUa  or  anbstanee^ 

which  adhcfe  to  each  other  with  Tarioua  do- 

grees  of  foEoe,  and  maj  be  aepaiated  by  known 

methoda.    It  ia  a  queatioa  among  phUoaaphen, 

whether  all  the  attractiona  whikji  obtain  be. 

tween  bodiea  be  xeferaUe  to  one  general  cauae 

modified  by  drcuniataooea,  or  whether  tariona 

flnginal  and  diatmet  eaosea  act  upon  the  parti* 

dea  of  bodiea  at  one  and  the  aame  time.    The 

pfailoaopheis  »t  the  beginning  of  the  preaent 

cmcniy  were  dispoaed  to  coneider  the  aennl 

attracdoBs  aa  eaapntiaTly  difioent,  becauae  the 

Itvs  of  their  action  difo  fimn  each  other  | 

bat  tlie  modcnia  appear  dispoaed  to  genenliae 

tfaia  aubject,  and  to  «»iaida  all  the  attiactiona 

which  exist  between  bodiea,  or  at  least  dioae 

which  are  pcnnanent,  aa  depending  opon  one 

and  the  same  canae,  whatever  it  may  be,  which 

ttgttlafies  at  once  the  motiona  of  the  immenae 

bodiea  that   circulate  through  the   odeatial 

(paces,  and  thoae  minute  paHldea  that  are 

danafiared  fiom  one  oombination  to  another 

in  the  opoationa  of  cfaemialry.    The  eaerlier 

phikaophen  oboorwed,  for  example,  that  the 

attBKtkiQ  of  ^vitation  acta  upon  bodiea  with 

a  fione  which  is  inweraely  aa  the  atjuaiea  of  the 

djttanoes;  and  bom  mathematical  deduction 

they  have  iniened,  that  the  law  of  atdaetion 

between  the  partidea  themadvea  fidlowa  the 

nme  atio ;  but  when  their  obaermtiooa  were 

applied  to  bodiea  very  near  eadi  other,  or  in 

cootact,  an  adheaion  took  pbee,  which  la  found 

tD  be  nnidi  greater  than  oould  be  deduced  from 

that  law  applied  to  the  centres  of  gmnty, 

HcBoe  they  cooduded,  that  the  eohedve  at- 

toctioB  is  gsfccned  by  a  much  higher  ratio, 

and  probably  the  cubes  of  the  diatancea^    The 

niadiniB,  on  the  contrary,  among  whom  ara 

Bagman,  Guyton  Morwean,  and  othera,  have 

moBikBd,  that  theae  deductiona  are  too  gene. 

lal,  bccaaae,  for  the  moat  part,  drawn  ftom 

the  CQoaidcration  of  aphsrkal  bodiea,  which 

admit  of  no  contact  but  anch  aa  ia  indefinitdv 

amall,  and  exert  the  aame  poweaa  on  each 

etbff,  whichever  aide  may  be  obverted.   They 

naiirk,  likewiae,  that  the  conaequence  de- 

poahng  on  the  sum  of  the  attiactians  in  bodies 

not  ipheriGa],  and  at  minute  distances  from 

cadi  other,  will  not  follow  the  mverted  ratio 

of  the  square  of  the  distance  taken  from  any 

point  aammed  as  the  centre  of  giavity,  ad* 

nining  the  parddea  to  be  governed  by  that 

uv;  but  that  it  will  oreatly  differ,  aooording 

to  the  udaa  of  the  sdid  which  are  preaented  to 

<*eh  othea,  and  thdr  respective  distanoea;  in* 

*«nadi  thai  the  attractiona  of  certain  partidea 

ittkfinitdy  near  each  other  wiU  be  inddfaiitdy 

ncmed,  though  the  xstb  of  the  powera  act- 

ing  apoD  the  lenooler  partidca  may  oontanae 

BMdFftksfflBie. 


This  dndrilifl,  wfaleh  however  Nqjtdres  to 
be  mndi  more  strictly  examinfd  by  the  a^ 
plication  of  mathematical  piindplea,  obviously 
pointa  to  a  variety  of  intneating  conaeqoeooes. 
The  polarity  of  partidee,  or  thdr  cU^oaitioB 
to  preaent  themadvea  in  thdr  ^preadi  to 
endi  other  in  certain  aspects,  though  it  has 
been  Heated  as  a  chimerical  notion  by  a  few 
writen,  is  one  of  the  first  of  theae  reaulta. 

Theae  are  apeculations  which,  with  regard 
to  the  preaent  atate  of  ofaemistry,  stand  in 
much  this  aame  situation  aa  the  tfaisocy  of  gra- 
vity, which  ia  minutdy  deaeribed  in  Plutaiirah, 
did  with  regaid  to  aatronomy  befine  the  time 
of  Newton.  As  the  odestial  phenomena  were 
fonnerly  arranged  from  obaervatkm  monly, 
but  are  now  computed  tnm  the  physical  canaa^ 
gsavitatum;  ao,  at  pieacnt,  chemiatry  ia  the 
adence  of  matter  of  hct  duly  arranged,  widi. 
out  the  aaaistanoe  of  any  extenaive  theory 
hnmediMdy  deduced  from  the  figorea,  vo- 
himes,  dendtiea,  or  mutual  actions  of  ths 
partidea  of  bodies.  What  it  may  heKaf^ 
be,  mnat  depend  on  the  ability  and  reaearcfa  of 
fiiture  chemists ;  but  at  preaent  we  must  die* 
mjaa  this  remoter  part  of  theory,  to  attend 
mora  immediatdy  to  the  fiicts. 

That  the  parts  of  bodiea  do  attract  each 
other  ia  evident  from  that  adheaion  which 
pBodttcea  aolidity,  and  requirea  a  certain  fores 
to  overcome  it  For  the  aake  of  penpfeaity, 
the  variooa  cfieeta  of  attraction  have  been  eon- 
aidered  aa  different  kinds  of  affinity  or  powera. 
That  power  which  physical  writess  csU  the 
attraction  of  cdiedon,  is  generally  called  the 
attractum  of  aggregation  by  chemists.  Aggie* 
gation  is  considered  aa  ibe  adheaion  of  paiCs 
^  the  aame  kind*  Thus  a  number  of  piaoes 
of  brimstone  united  bv  fusion  form  an  agga»- 
gate,  the  parts  of  which  may  be  separated 
«gahi  1^  mediaaiesl  means.  These  parts  have 
been  caued  integrant  parte;  that  ia  to  say,  the 
minutest  parts  into  wluch  a  body  can  be  di- 
vided, either  really  or  by  the  imagbiation,  ao 
aanok  to  change  ita  natuie,  are  called  integrant 
parte.  Thus,  if  sulphur  and  an  alkali  be  com. 
bined  together,  and  form  liver  of  aulphur,  we 
may  oonedve  the  mass  to  be  divided  and  aob> 
divided  to  aa  extreme  degree,  until  at  kn^ 
the  maaa  ooniiato  of  merelv  a  partide  of  brun- 
stone  and  a  partide  of  alkali,  Thia  then  is 
an  integrant  part  t  and  if  it  be  divided  further^ 
the  eflfeet  which  chemiata  call  decompoaition 
win  take  place ;  and  the  partidea,  consisting 
no  longer  of  Uver  of  aulphur,  but  of  aulphur 
alone,  and  alkali  alon«,  wiD  be  what  chenoiats 
call  con^Mnent  parte  or  prindplea. 

The  union  of  bodiea  hi  a  groaa  way  ia  called 
mixture.  Thus  simd  and  an  alkali  may  be 
mixed  together.  But  when  the  very  mjnate 
parts  of  a  body  unite  with  those  of  anolher  ao 
inrimatdy  aa  to  form  a  body  which  has  pro* 
perties  different  from  thoae  of  dthor  of  them, 
the  onion  ia  called  combination,  or  oomposi- 
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tkA.  Thus,  if  sand  and  an  alkali  be  exposed 
to  a  strong  heat,  the  minute  parts  of  the  miz- 
tuie  combine,  and  form  glass. 

The  earlier  chemists  were  very  desirous  of 
ascertaining  the  first  principles  or  elements  of 
bodies ;  aiSl  they  distinguished  by  this  name 
such  substances  as  their  art  was  incapable 
of  rendering  more  simple.  They  seem  how- 
ever to  have  overlooked  the  obvious  dicum- 
stance,  that  the  limits  of  art  are  not  the  limito 
of  nature.  At  present  we  hear  little  concenii. 
Ing  elements.  Those  substances  which  we 
have  not  hitherto  been  able  to  analyze,  or 
which,  if  decomposed,  have  hitherto  eluded 
the  observation  of  chemists,  are  indeed  consi- 
dered as  simple  substances  relative  to  the 
present  state  of  our  knowledge,  but  in  no 
other  respect;  for  a  variety  of  experiments 
give  us  reason  to  hope,  that  further  inquiries 
may  elucidate  their  nature  and  composition. 
Some  writers,  calling  these  ample  substances 
by  the  name  of  Primary  Principles,  have  di- 
stinguiahed  compounds  of  these  by  the  name  of 
Secondary  Principles,  which  they  suppose  to 
enter  again  into  combinadons  without  decom. 
position  or  change.  It  must  be  confessed, 
nevertheless,  that  no  means  have  yet  been 
devised  to  show  whether  any  such  subordina- 
tion of  principles  exists.  We  nuy  indeed 
discover,  that  a  compound  body  consists  of 
three  or  more  principles ;  but  whether  two  of 
these  be  previously  united,  so  as  to  fonn  a 
simple  substance  with  relation  to  the  third,  or 
what  in  other  respects  may  be  thehr  arrange- 
ment,  we  do  not  know.  That  it  does  exist, 
however,  seems  dear  by  making  combinations 
Id  varied  orders.  Thus  a  weak  solution  of 
alkali  will  not  dissolve  oil ;  but  a  combination 
of  oil  and  alkali  will  not  separate  by  the  addi- 
tlin  of  water.  The  alkali  therefore  adheres  to 
that  with  which  it  was  first  combined.  See 
also  the  article  Veoetablss. 

If  two  solid  bodies,  disposed  to  combine 
together,  be  brought  into  contact  with  each 
other,  the  particles  whidi  touch  will  combine, 
and  form  a  compound ;  and  if  the  tempera- 
ture  at  which  this  new  compound  assumes  the 
fluid  foim  be  higher  than  the  temperature 
of  the  experunent,  the  process  will  go  no  far- 
ther,  because  this  new  compound  being  inter- 
posed  between  the  two  bodies,  will  prevent 
thdr  further  access  to  each  other ;  but  if,  on 
the  contrary,  the  freezing  point  of  the  com- 
pound be  lower  than  this  temperature,  lique- 
nctkm  will  ensue;  and  the  fluid  particles 
being  at  liberty  to  arrange  theuisdves  accord- 
ing to  the  law  of  their  attractions,  the  process 
will  go  on,  and  the  whole  mass  will  gradually 
be  converted  into  a  new  compound  in  the  fluid 
'  state.  An  instance  of  this  may  be  exhibited 
by  mixing  common  salt  and  perfectly  dry 
pounded  ice  togedier.  The  crystals  of  the 
salt  alone  wiU  not  liquefy  unless  very  mudi 
heated ;  the  crystals  of  the  water,  that  is  to 


say,  the  ice,  ivill  not  liquefy  unless  heated  a» 
high  as  thirty-twodegrees  of  Fahrenheit;  and 
we  have  of  course  supposed  the  temperatuTe  of 
the  experiment  to  be  lower  than  this,  becauoe 
our  water  is  in  the  solid  state.  Now  it  is  a 
well  known  fact,  that  brine,  or  the  satamted 
solution  of  sea  salt  in  water,  cannot  be  frozen 
unless  it  be  cooled  thirty-eight  degrees  lower 
than  the  freezing  point  of  pure  water.  It  fol- 
lows then,  that,  if  the  temperature  of  the 
experiment  be  higher  than  this,  the  first  com- 
binations o(  salt  and  ice  will  produce  a  fluid 
brine,  and  the  combination  will  proceed  untD 
the  temperature  of  the  mass  has  gradually  suxik 
as  low  as  the  freezing  point  <^  brine ;  after 
which  it  would  cease  if  it  were  not  that  sar- 
rounding  bodies  continually  tend  to  raise  the 
temperature.  And  accordingly  it  is  found  by 
experiment,  that  if  the  ice  and  the  salt  be 
previously  cooled  below  the  temperature  of 
Treezing  brine,  the  combination  and  liquefac- 
tion wUl  not  take  place.    See  Caloric. 

The  instances  in  which  solid  bodies  thus 
combine  together  not  being  \ery  numerous, 
and  the  fluidity  which  ensues  immediately 
af^  the  commencement  of  this  kind  of  expe- 
ment,  have  induced  several  chemists  to  con- 
sider fluidity  in  one  or  both  of  the  bodies 
applied  to  each  other,  to  be  a  necessary  cir- 
cumstance, in  order  that  they  may  produce 
chemical  action  upon  each  odier.  Corpora 
non  agunt  nUi  tmtjluiia. 

If  one  of  two  bodies  applied  to  each  other 
be  fluid  at  the  temperature  of  the  experiment, 
its  parts  will  successivdy  unite  with  the  parts 
of  uie  solid,  which  will  by  that  means  be  sus- 
pended  in  the  fluid,  and  disappear.  Such  a 
fluid  is  called  a  solvent  or  menstruum  ;  and 
the  solid  body  is  sud  to  be  dissolved. 

Some  substances  unite  together  in  all  pro. 
portions.  In  this  way  the  adds  unite  with 
water.  But  there  are  likewise  many  sub. 
stances  which  cannot  be  dissolved  in  a  fluid, 
at  a  settled  temperatuxt,  in  any  quantity  be- 
yond  a  certain  portion.  Thus,  water  will 
dissolve  only  about  one-third  of  its  wel^t  of 
conmion  salt;  and  if  more  salt  be  added,  it 
will  remain  solid.  A  fluid  which  holds  in 
solution  as  much  of  any  substance  as  it  can 
dissolve,  is  said  to  be  saturated  with  it  But 
saturation  with-  one  substance  is  so  far  from 
preventing  a  fluid  from  dissolving  another 
body,  that  it  very  frequenUy  happens,  that  the 
solvent  power  fi  the  compound  exceeds  that 
of  tile  original  fluid  itself.  Chemists  likewise 
use  the  word  saturation  in  another  sense ;  in 
which  it  denotes,  such  a  union  of  two  bodies 
as  produces  a  compound  the  roost  remote  in 
its  properties  from  the  properties  of  the  com- 
ponent parts  themsdves.  In  combinatSons 
where  one  of  the  principles  predominates,  the 
one  is  said  to  be  supersaturated,  and  the  other 
principle  is  said  to  be  subsaturafced. 

Heat  in  general  increases  the  sdvent  power 
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,  of  fluids,  piobftUy  by  prefventing  part  of  the 
.  dksolved  substance  from  congnlmg,  or  as- 
Aimioff  the  solid  form. 

It  onen  bapjpens,  that  bodies  which  have  no 
tendency  to  unite  are  made  to  combine  toge- 
ther by  means  of  a  third,  which  is  then  caued 
the  medium.  Thus  water  and  fat  oils  are 
made  to  unite  by  the  medium  of  an  alkali,  in 
the  oomlnnation  called  soap.  Some  writers, 
who  seem  desirous  of  multiplying  terms,  call 
this  tendency  to  unite  the  affinity  ofinterme' 
dium.  This  case  has  likewise  been  called 
disposing'  affinity;  but  BerthoHet  more  pro- 
perly  styles  it  reciprocal  qffiniiy.  He  likewise 
distinguishes  affinity  into  etementary^  when  it 
u  between  the  elanentary  parts  of  bodies; 
and  resuUiag  when  it  is  a  compound  only, 
and  would  not  take  place  with  the  elements  of 
that  compound. 

It  very  &equently  happens,  on  the  contrary, 

that  the  tendency  of  two  bodies  to  unite,  or 

remain  in  oomb^ation  together,  is  weakened 

or  destroyed  by  the  addition  of  a  third.   Thus 

alcohol  unites  with  water  in  such  a  manner  as 

to  separate  most  salts  from  it.    A  striking  in.. 

stance  of  thii  is  seen  in  a  saturated  or  strong 

solution  of  nitre  in  water.    If  to  this  there  be 

added  an  equal  measure  of  alcohol,  the  greater 

part  of  the  nitre  instantly  falls  down.    Thus 

mi^nesia  is  separated   novo,  a   solution   of 

Epsom  salt,  by  the  addition  of  an  alkali,  which 

combines  with  the  sulphuric  acid,  and  separates 

the  eaith.     The  principle  which  falls  down  is 

said  to  be  precipitated,  and  in  many  instances 

is  caQed  a  precipitate.    Some  modem  chemists 

use  the  term  precipitation  in  a  move  extended, 

and  rather  forced  sense;  for  they  apply  it  to 

an  substances  thus  separated.    In  this  enun- 

riatioD,  Aoefore,  they  would  say,  that  potash 

precipitates  soda  from  a  solution  of  oonomon 

«lt,  though  no  Yisible  separation  or  predpita- 

tioQ  takes  plaos;  for  the  soda,  when  disengaged 

fiom  its  add,  is  still  suspended  in  the  water  by 

naaoo  of  its  solubility. 

^lom  a  great  number  of  facts  of  this  nature, 
it  is  dcaify  ascertained,  not  as  a  probable  hy« 
potbesis,  but  as  simple  matter  of  fact,  tbiat 
some  bodies  have  a  stronger  tendency  to  unite 
<2iao  odiers ;  and  that  the  union  of  any  sub- 
stance with  another  will  exclude,  or  separate, 
3  third  substance,  which  mijiht  have  been  pro- 
^vualy  united  with  one  of  them;  excepting 
only  in  those  cases  wherein  the  new  compound 
his  a  tendoi^  to  unite  with  that  third  sub- 
ttinoe,  and  ronn  a  triple  compound.  This 
fRfereuoe  of  unitii^,  which  a  given  substance 
IS  found  to  exhibit  with  regard  to  other  bodies^ 
is  by  an  easy  metaphor  called  elective  attrac. 
tion,  and  is  subject  to  a  variety  of  cases,  ac- 
fnnfing  to  the  number  and  the  powers  of  the 
principles  whidi  are  respectivdy  presented  to 
cadi  other.  The  cases  which  have  been  most 
frequently  observed  by  chemists  are  those 
ulied  simple  elective  attractions,  and  double 
dective  attractions* 


When  a  simple  substance  is  presented  or 
applied  to  another  substance  compounded  of 
two  prindples,  and  unites  with  one  of  these 
two  prindples  so  as  to  separate  or  exdude  the 
other,  this  effect  is  said  to  be  produced  by 
simple  elective  attraction. 

It  may  be  doubted  whether  any  of  our 
operations  have  been  carried  to  this  degree  of 
simplidty.  AU  the  chemical  prindples  we 
are  acquainted  with  are  dmple  onlv  with  re- 
spect to  our  power  of  decomposing  tnem ;  and 
the  daily  discoveries  of  our  contemporaries 
tend  to  decompose  those  substances,  which 
chemists  a  few  years  ago  considered  as  simple. 
M^ithout  insisting,  however,  upon  this  diffi- 
culty, we  may  observe,  that  water  is  concerned 
in  all  the  cmerations  which  are  called  humid, 
and  beyond  a  doubt  modifies  all  the  effects  of 
such  bodies  as  are  suspended  in  it ;  and  the 
variations  of  temperature,  whether  arising  from 
an  actual  igneous  fluid,  or  from  a  mere  modi, 
ffcation  of  me  parts  of  bodies,  also  tend  greatly 
to  disturb  the  effects  of  elective  attraction. 
These  causes  render  it  difficult  to  point  out  )m 
example  of  simple  elective  attraction,  which 
may  in  stricmess  be  reckoiied  as  such. 

Double  dective  attraction  takes  place  when 
two  bodies,  each  consisting  of  two  prindples, 
arc  presented  to  each  other,  and  mutually  ex- 
diange  a  principle  of  cadi ;  by  which  means 
two  new  bodies,  or  compounds,  are  produced, 
of  a  different  nature  from  the  original  com- 
pounds. 

Under  the  same  limitations  as  were  pointed 
out  in  speaking  of  simple  elective  attraction, 
we  may  offer  instances  of  double  elective  at- 
traction. Let  oxide  of  mercury  be  dissolved 
to  saturation  in  the  nitric  add,  the  water  will 
then  contain  nitrate  of  mercury.  Again,  let 
potash  be  dissolved  to  saturation  in  the  sul- 
phuric add,  and  the  result  will  be  a  solution  of 
sulphate  of  potash.  If  mercury  were  added  to 
the  latter  solution,  it  would  indeed  tend  to 
unite  with  the  acid,  but  would  produce  no  de- 
composition ;  because  the  elective  attraction  of 
the  add  to  the  alkali  u  the  strongest.  So 
likewise,  if  the  nitric  add  alone  be  added  to 
it,  its  tendency  to  unite  with  the  alkali,  strong 
as  it  is,  will  not  effect  any  change,  because  the 
alkali  is  already  in  combination  with  a  stronger 
add.  But  if  the  nitrate  of  mercury  be  added 
to  the  solution  of  sulphate  of  potash,  a  chan^ 
of  prindples  will  take  place:  the  sulphuric 
add  will  quit  the  alkali,  and  unite  with  the 
mercury,  while  the  nitric  add  combines  with 
the  alkali ;  and  these  two  new  salts,  namely, 
nitrate  of  potash,  and  sulphate  of  mercury,  may 
be  obtained  separatdy  by  crystallization. 

The  most  remarkable  circumstance  in  this 
process  is,  that  the  joint  effects  of  the  attrac- 
tions of  the  sulphuric  add  to  mercury,  and 
the  nitric  acid  to  alkali,  prove  to  be  stronger 
than  the  sum  of  the  attractions  between  the 
sulphuric  acid  and  the  alkali,  and  between  the 
pitric  add  and  the  mercury ;  for  if  the  sum 
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of  tboe  two  last  had  not  been  weaker,  the 
original  oombiDations  would  not  have  been 
bToken. 

Mr.  Eirwan,  who  first*  in  the  year  1782, 
considered  this  subject  with  that  attention  it 
deserves,  called  the  affinities  which  tend  to  pre- 
serve the  original  combinationB,  the  quiescent 
affinities.  He  distinguished  the  affinities  or 
attractions  which  tend  to  produce  a  change 
of  principles,  by  the  name  of  the  divdlent 
affinities. 

Some  eminent  chemists  axe  disposed  to  con- 
sider as  effects  of  double  affinities,  those  changes 
of  principles  only  which  would  not  have  taken 
plaice  without  the  assistance  of  a  fourth  prin- 
ciple. Thus,  the  mutual  decomposition  of 
siuphate  of  soda  and  nitrate  of  potash,  in 
which  the  alkalis  are  changed,  and  sulphate 
of  potash  and  nitrate  of  soda  are  produced,  is 
not  considered  by  them  as  an  instance  of 
double  decomposition ;  because  the  nitre  would 
have  been  decomposed  by  a  simple  elective 
attractioQ,  upon  the  addition  of  the  add  only. 

There  are  various  circumstances  which 
modify  the  effects  of  elective  attracticm,  and 
have  from  time  to  time  misled  chemists  lA 
their  deductions.  The  chief  of  these  is  the 
temperature,  which,  acting  differently  upon  the 
several  parts  of  compounded  bodies,  seldom 
fails  to  alter,  and  frequently  reverses  the  effects 
of  the  affinities.  Thus,  if  alcohol  be  added  to 
a  solution  of  nitrate  of  potash,  it  unites  with 
the  water,  and  precipitates  the  salt  at  a  com- 
mon temperature.  But  if  the  temperature  be 
raised,  the  alcohol  rises  on  account  of  its  vola- 
.tility,  and  the  salt  is  again  dissolved.  Thus 
again,  if  sulphuric  acid  be  added,  in  a  common 
temperature,  to  a  combination  of  phosphoric 
acid  and  lime,  it  will  decompose  the  salt,  and 
disengage  the  phosphoric  add;  but  if  this 
same  mixture  of  these  principles  be  exposed 
to  a  considerable  heat,  the  sulphuric  add  will 
have  its  attraction  to  the  lime  so  much  dimi- 
nished, that  it  will  rise,  and  give  place  again 
to  the  phosphoric,  which  will  combine  with 
the  lime.  Again,  mercury  kept  in  a  degree 
of  heat  very  nearly  equal  to  volatilizing  it, 
will  absorb  oxygen,  and  become  converted  into 
the  red  oxide  fonnerly  called  precipitate/7(;r  te; 
but  if  the  heat  be  augmented  still  more,  the 
oxygen  will  assume  the  elastic  state,  and  fly 
off,  leaving  the  mercury  in  its  original  state. 
Numberless  instances  of  the  like  nature  con- 
tinually present  tliemsclves  to  the  observation 
of  chemists,  which  are  sufficient  to  establish 
the  condusion,  that  the  dective  attractions  are 
not  constant  but  at  one  and  the  same  tempera- 
ture. 

Many  philosophers  are  of  opinion,  that  the 
variations  produced  by  dionge  of  temperature 
arise  from  the  dective  attraction  of  tlic  matter 
of  heat  itsdf.  But  there  are  no  decisive  ex- 
periments dther  in  confirmation  or  refutation 
of  thiA  hypothesis. 

If  wiJ  except  the  operation  of  lieat,  which 


really  produces  a  diann  in  the  elective  i  _^ 
tions,  we  shall  find,  that  most  of  the  odiear 
difficulties  attending  this  subject  arise  from 
the  imperfect  state  of  chemical  sdence.  If  to 
a  conopound  of  two  prindples  a  third  be  added, 
the  e^ct  of  this  must  necessarily  be  diffircnt 
according  to  its  quantity,  and  likewise  aooord. 
ing  to  the  state  of  saturation  of  the  two  prin- 
dples  of  the  compounded  body»  If  the  tJiiid 
prindple  which  is  added  be  in  excess,  it  may 
dissolve  and  suspend  the  compound  wldca 
may  be  newly  formed,  and  likewise  thai  whidi 
might  have  been  predpitated.  The  metallic 
solutions,  decomposed  by  the  additkm  of  an 
alkali^  afford  no  predpitate  in  various  cases 
when  the  alkali  is  in  excess ;  b^^nne  this 
excess  dissolves  the  predpitate,  which^  would 
dse  have  fallen  down,  if^  on  the  other  hand, 
one  of  the  two  prindples  of  the  oompanzid 
body  be  in  excess,  the  addition  of  a  third  sub- 
stance may  combine  with  that  ezoen,  and 
leave  a  neutral  substance,  exhibiting  very-  dif- 
ferent properties  from  the  former.  Thus,  if 
cream  of  tavtar,  which  is  a  sah  of  difficult 
solubility,  consisting  of  potash  united  to  an  ex- 
cess of  the  add  of  tartar,  be  dissolved  in  water, 
and  chalk  be  added,  the  excess  unites  with 
part  of  the  lime  of  the  chalk*  and  fonns  a 
Bcarcdy  soluble  salt;  and  the  neutral  com- 
pound, which  remains  after  the  privatian  of 
this  excess  of  acid,  is  a  very  soluble  salt, 
greatly  differing  in  taste  and  properties  from 
Uie  cream  of  tartar.  The  metiJs  and  the 
acids  likewise  afford  various  phenomena,  ac- 
cording to  their  desree  of  oxidation.  A  deter- 
minate oxidation  Is  in  general  necessary  fior 
the  solution  of  metals  in  adds ;  and  the  adds 
themselves  act  very  differently,  according^  as 
they  are  more  or  less  acidified.  Thus,  the 
nitrous  add  gives  place  to  adds  whidi  are 
weaker  than  die  nitric  add :  the  sulphurous 
add  gives  place  to  acids  greatlv  inferior  in 
attractive  power  or  afllnity  to  tne  sulphuric 
acid.  The  deception  arising  tnym  efibcts  of 
this  nature  is  in  a  great  measure  produced  by 
the  want  of  discrimination  on  the  part  of 
chemical  philosophers ;  it  being  evident  that 
the  properties  of  any  compound  substance  de- 
pend as  much  upon  the  proportion  of  iu  in- 
gredients, as  upon  their  respective  nature. 

The  presence  and  quantity  of  water  is 
probably  of  more  consequence  than  is  yet 
supposed.  Thus,  bismuth  is  dissolved  in  ni- 
trie  add,  but  falls  when  the  water  is  much 
in  quantity.  The  same  is  true  of  antimony. 
Bibaucout  has  shown  the  last  (Annales  de 
Chimie,  xv.  122.)  in  alum,  and  it  is  likdy 
that  the  fact  is  more  common  than  is  sus- 
pected. Whether  the  attraction  and  strength, 
as  to  quantity  in  saturation,  be  not  variable  by 
the  presence  or  absence  of  water,  must  be  re- 
ferred to  experiment. 

The  power  of  double  dective  attractions  too 
is  disturbed  by  this  circumstance :  If  muriate 
of  lime  be  added  to  a  solution  of  carbonate  of 
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iBWy  they  ere  faiMh  deomiposed^  and  tfaeve" 
rails  an  muriate  of  aoda  and  carbonate  of 
iaoM;  Bat  if  lime  and  muriate  of  aoda  be 
ndxad  with  just  vatersniBcieDt  to  make  than 
into  a  paste,  and  tlusbeexpoaed  tothe  action 
of  caiboue  add  giis,  a  nline  efflonsoeooe  oon- 
aialing  of  carbonate  of  aoda  win  be  fonned  on 
the  aurfiue,  and  the  bottom  of  die  Feswl  will 
be  obcnpied  by  muriate  of  Ume  in  a  state  of 


I.  BerthoUet  made  a  sreat  number  of  ezpe- 
,  from  iHiidi  he  deduced  thefeUowing 
hwt — that  in  elective  attnetions  the  power 
eialcd  is  not  in  the  ratio  of  the  affinity  ainiidy, 
but  hi  a  ratio  eompoonded  of  die  force  of 
afflai^  and  the  qnantity  of  die  agent;  so  that 
ooatttity  may  compensate  ftr  weaker  affinity. 
Thus  an  add  whltib  has  a  weaker  affinity  than 
another  ftr  a  gtvon  base,  if  it  be  employed  in 
a  comdn  qiiaDdty,ls  capable  of  taking  part  of 
dm  base  ham  the  acid  which  has  a  stronger 
affinity ibrit;  soAatthebaaewillbedinSBd 
between  them  in  the  oompoond  ratio  €i  tiiehr 
nflnity  and  qoantlty.  lliis  dtvision  of  one 
snfaatsnoe  between  two  others,  for  which  it  has 
difleiwit  aflhritiffa,  always  takes  place,  accord. 
mg  to  him,  when  three  such  an  present  under 
dicomstances  in  which  they  can  mutually  act 
en  each  other.  And  hence  it  is,  that  the  fince 
of  affimty  acts  most  poweriiUly  when  two 
SBbatanoes  first  come  into  eontset,  and  con- 
tinnes  todecrease  hi  power  as  cither  approaches 
thepoint  of  satumtion.  For  die  same  reason 
it  is  so  difficult  to  separate  die  last  portions  of 
any  sabetance  adhering  to  another.  Hence^  if 
the  doeirine  kid  down  by  M.  BerdwUet  be 
trae,  to  its  utmost  extent,  it  ninst  be  impos- 
sibk  ever  to  fiee  a  compound  oompletdy  from 
sny  one  of  its  colistitaent  parts  by  the  agency 
of  deetiye  attraction ;  eo  that  all  our  best 
established  analyses  are  more  or  less  inaccu- 
nte. 

The  sdubiHty  or  msohibility  of  prindples, 
at  die  temperature  of  any  experiment,  has 
fihewiae  tended  to  mislead  chemists,  who  have 
dedoced  consequences  from  the  flnt  effects  of 
dieir  experiments.  It  is  evident,  that  many 
separations  may  ensne  without  predpitation ; 
becaose  dib  dreumstance  does  not  take  place 
unless  die  sroarated  prindpls  be  faisoluble,  or 
nearly  sa  The  soda  cannot  be  predpitated 
from  a  solution  of  sulphate  of  soda  by  the  ad- 
dition of  potash,  beteuse  of  Its  great  solubility ; 
but,  on  the  contrary,  the  new  compound  itsd^ 
or  sulphate  of  potadi,  which  is  much  less 
soluble,  may  &I1  down,  if  there  be  not  enough 
water  present  to  suspend  it.  No  certain 
knowledge  can  therefore  be  derived  from  the 
appearance  or  the  want  of  precipitation,  unless 
the  products  be  carefully  examined.  In  some 
fnstances  all  the  products  remain  suspended, 
and  in  odieis  they  all  fiUl  down,  as  may  be 
instanced  in  the  decomposition  of  sulphate  of 
iroD  by  Hme.  Here  the  acid  unitos  with  the 
lime,  and  fbimu  sulphate  of  lime,  which  is 


scaicdy  at  aU  soluble ;  and  the  still  less  soluble 
oxide  of  iron,  which  was  disengaged,  falls 
down  along  with  it 

Many  instances  present  themsdvcs,  in  which 
deoompodtion  does  not  take  place,  but  a  sort 
of  equilibrium  of  affinity  hi  percdved.  Tbos, 
soda,  added  to  the  supertartrate  of  potash, 
forms  a  triple  salt  by  combining  with  its 
excess  of  add.  So  likewise  ammonia  com- 
bines with  a  portion  of  the  add  of  muriate 
of  meicaiy,  and  forms  the  triple  coroponnd 
formerly  distinguished  by  the  barbarous  name 
of  sal  aiembroth. 

When  we  reflect  maturdy  upon  all  the  dr* 
eomstanoes  enumerated,  or  slightly  touched 
upon,  hi  the  forcgoing  pages,  we  may  form 
some  idea  of  the  extendve  field  of  research 
which  yet  remains  to  be  explored  by  chembta. 
If  it  were  posdble  to  procure  simple  sob- 
stances,  and  combine  two  together,  and  to  this 
combination  of  two  to  add  one  more  of  the 
other  dmple  substances,  the  result  of  the  ex^ 
periment  would  in  many  cases  detennine,  by 
the  exdusion  of  one  of  the  three,  that  its 
affinity  to  dther  of  the  remaming  two  was 
less  than  that  between  those  two  respecdvdy. 
In  this  way  it  would  be  ascertained,  in  the 
progress  of  experimental  inquiry,  that  the 
sonple  attracdons  of  a  series  of  substances 
were  gradually  increadng  or  diminishing  in 
strength.  Thus,  ammonia  separates  alumina 
AoBk  the  sulphuric  add;  magnena,  in  like 
manner,  separatss  the  ammonia;  lime  pre- 
dominates, in  die  strength  of  affinity,  over 
magnesia,  as  appears  l^  its  separating  this 
last  earth ;  the  soda  separates  the  lime,  and 
itself  gives  plsoe  to  the  potash ;  and,  taltly, 
potash  yields  its  add  to  barytes.  The  simple 
elective  attracdons  of  diese  several  substances 
to  sulphuric  add  are  therefore  in  the  inverted 
order  of  their  efllects :  barytes  is  the  strongest ; 
and  this  is  succeeded  regularly  by  potash,  soda, 
lime,  magneda,  ammonia,  and  alumina.  It 
is  evident,  that  results  of  this  nature,  being 
tabulated,  as  was  first  done  by  the  cdebiated 
Oeoffipoy,  and  afterward  by  Bergman,  must 
affivd  a  valuable  mass  of  chemical  knowledge. 
It  must  be  remarked,  however,  that  these  re- 
suits  merdy  indicate,  that  the  powers  are 
greater  or  less  than  each  other ;  but  how  much 
greater  or  less  is  not  detennincd,  either  ab- 
solutely or  rdativdy.  Tables  of  this  nature 
cannot  therefore  inform  us  of  the  effecu  which 
may  take  place  in  the  way  of  double  affinity, 
for  want  of  the  numerical  relations  between 
the  attracting  powers.  Thus,  when  we-  are 
m  possession  of  the  order  of  the  sunple  decdve 
attracdons  between  the  sulphuric  add  and  a 
series  of  substances,  and  also  between  the 
nitric  acid  and  the  same  substances;  and 
when,  in  addition  to  this,  the  respective  powers 
of  each  of  the  adds  upon  every  one  of  the 
substances  singly  taken,  are  known,  so  far  as 
to  determine  which  will  displace  the  other ; 
yet  we  cannot  thence  foretell  the  result  of  ap- 
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plying  two  eomUDations  to  etch  other,  each 
oontaining  an  acid  united  with  one  of  the 
number  of  simple  substances.  Or,  more  con- 
dielj,  a  table  of  simple  elective  attractions 
can  be  of  no  use  to  detennine  the  e&cts  of 
double  elective  attraction,  unless  the  absolute 
power  of  the  attractions  be  expressed  bj  num* 
ber  instead  of  their  order  merdj. 

It  has  been  often  remarked,  that  the  action 
of  a  substance  is  dimtniaherl  in  proportion  as 
it  approaches  to  a  state  of  satuzaOon ;  and  thu 
dindnutian  of  power  has  been  eropbyed  to 
explain  several  chemical  phenomena.  It  is 
likewise  known,  that  the  resistanoe  found  in 
expelling  a  substance  ftom  the  last  portions 
of  a  combination,  either  by  affinity  or  heat,  is 
much  greater  than  at  the  commencement  of 
die  decomposition,  and  sometimes  such,  that 
its  entire  decomposition  cannot  be  eCfecteiL 
Thus  the  black  oxide  of  manganese,  exposed 
to  heat,  will  part  with  only  a  certain  definite 
quantity  of  its  oxygen*  No  degree  of  heat 
can  expel  the  whole. 

According  to  BerthoUet,  when  two  sub- 
stances are  in  competition  to  combine  with  a 
third,  each  of  them  obtains  a  degree  of  satur»- 
tion  proportionate  to  its  affinity  multiplied  by 
its  quantity ;  a  product  which  he  denominates 
mass.  The  subject  of  the  combination  divides 
its  action  in  proportion  to  the  masses,  and  by 
varying  the  latter,  this  illustrious  chemist 
thinks,  that  the  results  also  wiU  be  varied. 
The  following  are  the  forces  which  he  regards 
as  exercising  a  great  influence  upon  chemical 
combinations  and  phenomena,  by  coocuning 
with  or  opposing  the  mutual  affinity  of  the 
suhstanees  brought  into  action.  1.  The  action 
of  solvents,  or  &e  affinity  which  they  exert 
according  to  their  proportion.  Thus,  if  into 
a  very  dilute  solution  of  muriate  of  lime,  a 
solution  of  sulphate  of  soda  be  poured,  no 
precipitate  of  sulphate  of  Ihne  wUl  happen, 
though  the  quantity  of  the  solvent  water  be 
less  Uian  is  necessary  todissdve  thecalcareous 
sulphate.  If  the  same  two  saline  solutions 
be  mixed  with  less  water,  the  sulphate  of  lime 
will  fall  in  a  few  seconds,  or  a  few  minutes, 
according  to  the  strengtii  of  the  mingled  solu- 
tions. 2.  The  force  of  cohesion,  which  is  the 
effect  of  the  mutual  affinity  of  the  particles  of  a 
substance  or  combination.  Hence  we  can  easily 
see  why  a  solution  of  pure  potash,  whidi  so 
readily  dissolves  pulverulent  alumina,  has  no 
effect  on  alumina  concreted  and  condensed  in 
the  oriental  gems.  The  lowest  red  heat  kindles 
chareoal,  or  determines  its  combination  with 
atmospherical  oxygen  {  but  a  much  hi^er 
temperature  is  requisite  to  bum  the  same 
carbonaceous  matter,  more  densely  aggregated 
in  the  diamond.  3.  Elasticity,  whether  na- 
tural or  produced  by  heat;  whidi  has,  by 
•  some,  been  considered  as  the  affinity  of  caloric. 
Of  the  influence  of  this  power  a  fhie  illus- 
tration  is  afforded  by  muriate  of  lime  and 
carbonate  of  ammonia.    When  a  solution  of 


the  latter  salt  is  pound  into  one  of  the  fimacr^ 

a  double  decomposition  instantiy  takes  place  s 
carbonate  of  lime  fidls  to  the  bottom  in  pow* 
der,  and  muriate  of  ammonia  floats  above^ 
Let  this  liouid  mixture  be  boiled  for  some 
time ;  exhalation  of  ammoniaral  gas  will  be 
perceived  by  the  nostrils,  and  the  carbonate 
of  lime  will  be  redissolved ;  as  may  be  proved 
by  the  further  addition  of  carbonate  of  am- 
monia.   This  will  cause  an  earthy  precipitate 
fiom  the  liquid,   which  prior  to  ebuUitioa 
was  merely  muriate  of  ammonia.    4.  Efflo* 
rescenoe,  a  power  which  acts  only  under  very 
rare  dicumstances.    It  is  exemplified  in  the 
natron  lakes  of  Egypt;  on  the  margin  of 
which,  according  to  Bertholkt,  carbonate  of 
lime  decomposes  muriate  of  soda,  in  cause* 
quence  of  the  efflorescing  pr<^[)erty  of  the 
resulting  carbonate.  5.  Gravity  likewise  exerts 
its  influence,  particularly  when  it  produces  the 
compression  of  ebwtic  fluids ;  but  it  may  always 
without  inconvenience  be  confounded  with  the 
force  of  cohesion. 

M.  Berthollet;  thinks,  that  as  the  Ubles  of 
affinity  have  all  been  constructed  upon  the 
supposition  that  substances  possess  diffierent 
d^ees  of  affinity,  which  produce  the  decona- 
positions  and  combinations  that  are  fanned, 
indepeodentiy  of  the  proportions  and  other 
conditions  which  contribute  to  the  results^ 
these  tables  are  calailatffd  to  give  but  a  false 
idea  of  the  dqgsees  of  chemical  actum  of  the 
substances  airaioged  in  thsm.  *"*•  The  deno- 
mination of  eiecHve  aflinity,*'  says  he»  ^^  Is 
in  itself  erroneous,  since  it  supposes  the  unioii 
of  one  entire  substance  with  another,  in  pre- 
ference to  a  third,  while  there  is  only  a 
division  of  actbn,  subjected  to  otiier  cheoaical 
conditions.'*  The  force  of  coheskm,  which 
was  formerly  ocmsideredmerdly  as  an  obstacle 
to  solution,  limits  not  only  the  quantities  of 
substances  which  may  be  brought  into  action 
in  a  liquid,  and  conseqnentiy  modifies  the 
conditions  of  the  saturation  wMch  follows  ; 
but  it  is  the  power  which  causes  the  preci- 
pitations and  crystallizations  that  take  place, 
and  determines  the  proportions  of  such  com- 
binations as  axe  made  by  quitting  the  liqnid  : 
it  is  this  flxoe  which  sometimes  even  produoea 
the  separation  of  a  substance,  without  its 
forming  any  combination  with  another  sub- 
stance, as  has  been  remarked  in  metallic 
predpitatioos.  Elasticity  acts  by  prodnring 
effects  opposite  to  those  of  cohesion,  and 
which  consists  either  in  witiidxawing  some 
substances  from  the  action  of  othcn  m  a 
liquid,  or  in  diminiAing  the  proportion  which 
exists  within  the  sphere  of  activity ;  bat  when 
all  the  substsnoes  are  in  the  elastic  atate^ 
their  action  is  subjected  to  the  same  condi- 
tions. If  tables  were  formed  which  would 
represent  the  disposition  to  insolubility  or 
volatility,  in  the  different  combinaticma,  they 
would  serve  to  explain  a  great  number  of 
combinations  which  take  Aeir  origin  from  the 
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lahcture  iif  difi^rent  sabstaiiees,  and  fttni  the 
iaiinenee  of  heat  These  ootuideratioDt  need 
HOC  preyent  us,  says  BmhoUet,  fhnn  ludag 
the  tenn  affixdty  id  denote  the  whole  chimical 
power  of  a  body  exerted  in  a  given  lituAtion, 
eren  by  its  present  ooostitntion,  its  propordon, 
or  even  by  &e  concaRcnce  of  other  affinities ; 
but  we  must  avoid  considering  this  power  as 
a  constant  force,  which  produces  compositions 
and  decompositions.  All  substances,  aooord- 
ing  to  him,  exert  a  mutual  action  during  the 
tune  they  are  in  the  liquid  state;  so  that  in  a 
aoltttion,  for  example,  of  sulphate  of  potash 
and  muriate  of  soda,  these  two  salts  are  not 
distinct,  while  then  is  no  cause  to  determine 
the  sepaiatioD  from  their  combination ;  but 
thcK  exists  in  thb  liquid,  sulphuric  add, 
muriatic  add,  soda,  and  potash.  In  lilce 
manner,  when  the  proper  quantity  of  car- 
bonate of  potash  is  added  to  muriate  of  soda, 
«fae  mhigled  solution  does  not  consist  of  car- 
bonate or  soda  and  muriate  of  potash,  nsuldng 
iwam  oompiex  affinity,  but  contuns  shnply 
muriatic  and  aobonic  adds  with  potash  and 
soda,  in  quadruple  union  and  satniatioD.  It 
is  the  crystallizing  property  of  the  soda 
cttbonate,  which,  iSter  due  eraporatitm,  de- 
termines the  de&dte  decomposition,  and  not 
any  power  of  dective  attraction.  Or  generally, 
when  one  substance  separates  from  a  com- 
Unatian  by  lihe  introduetioii  of  another,  it  is 
not  merdy  from  being  supplanted  by  the 
superior  affinity  of  an  antsgonist,  but  because 
its  intrindc  tendency  to  the  solid  or  gaseous 
faaa  educes  it  from  its  fbrmer  associate.  There 
it  oersinly  much  truth  in  this  propontion  of 
BerdwQet. 

But  with  regard  to  the  indefinite  partition 
<if  a  bsse  between  two  rival  adds,  and  of  an 
acid  between  two  rival  bases,  a  doctrine  whidi 
that  profound  philosopher  laboured  to  establish 
bj  a  wide  experimental  induction,  maoj^  facts 
of  an  irreoondleable  nature  occur.  Sir  H. 
Bavy  hss  remarked,  with  his  usual  good  judg. 
neat,  that  were  this  proposition  oatrect,  it  is 
erident  that  there  could  be  scarcdy  any  defi- 
>AcpeDportions  :  a  salt  crystallizing  in  a  strong 
fftafioe  sdutaon  would  be  strongly  alkaline ; 
in  a  weak  one,  less  alkdine ;  wh3e  in  an  add 
aohition  it  would  be  add.  But  this  does  not 
ttem  to  be  the  case.  In  combinations  of  gas- 
coos  bodi^  whose  coDStitution  gives  their  par- 
tides  perfect  freedom  of  motioo,  the  propor- 
tioQi  are  definite  and  unchangeable,  however 
we  may  change  the  proportions  of  the  aeriform 
mixture.  And  in  all  solid  compounds  that 
have  been  accuratdy  examined,  in  which  there 
is  DO  chance  of  mechanical  mixture,  the  same 
lav  seems  to  prevail.  Different  bodies  may 
indeed  be  dissolved  in  different  menstrua  in 
very  various  proportions,  but  the  result  may 
be  regarded  as  a  mixture  of  different  solutions, 
rtther  than  a  combination.  With  regard  to 
gla«es  and  metallic  alloys,  adduced  by  Ber. 
tbdDet,  it  is  sufficient  to  know  that  the  points 


of  fusion  of  alkali,  glass,  and  oxides  of  lead 
and  tin,  are  so  near  each  other,  that  transpa- 
rent mixture*  of  them  may  be  formed.  Ttie 
attractive  power  of  matter  is  undoubtedly 
general,  but  in  the  formation  of  aggregates 
certain  definite  arrangements  take  place.  Berg-  | 
man  observed  long  ago,  that  whoi  nitric  add 
was  digested  on  sulphate  of  potash,  a  portion 
of  nitre  was  formed,  in  apparent  contradiction 
to  the  superior  affinity  which  he  had  assignetl 
to  sulphuric  add  for  the  potaah.  But  he  also 
gave  what  appears  to  be  a  satisfKtory  expla- 
nation of  this  seeming  anomaly,  which  Ber- 
thollet  has  adduced  in  support  of  his  views  of 
indefinite  and  univensl  partition. 

Sulphuric  add  tends  to  combine  in  two 
distinct  but  definite  proportions  with  potash, 
fbrming  the  neutral  sulphate  and  the  bisul- 
phate.  Nitric  add  may  therefore  abstract  from 
the  neutral  salt,  ttiat  portion  of  potash  which 
it  should  lose  to  pass  into  the  addulous  salt ; 
but  it  will  not  deprive  it  of  any  morCi  Hence 
this  very  example  is  deddedly  adverse  to  the 
indefinite  combinations  and  socoesdve  parti, 
tions  taught  by  Berthollet.  The  above  de- 
compodtion  resolves  itself  evidently,  thoefore, 
into  a  case  of  double  affinity.  That  a  large 
quantity  of  pure  potash  can  separate  a  little 
sulphuric  sad  from  the  sulphate  of  baiytes, 
haa  been- stated  by  BerthoUet ;  but  it  is  a  cir- 
cumstance  difficult  to  demonstrate*  If  the 
operation  be  conducted  with  access  of  air,  then 
carbonate  of  potaah  is  readily  formed,  and  a 
wdl  known  double  affinity  comes  into  play, 
vis.  that  of  bar3rtes  for  carbonic  add  on  one 
hand,  and  of  aulphuric  add  for  potash  on  the 
other.  Suppostog  the  agency  of  carboiie  add 
to  be  exduded,  then  are  we  to  belie«s  that 
the  potaah  having  become  a  soluble  sulphate, 
exists  in  liquid  union  with  pure  barytes  ?  See 
M.  Dulong's  experioients,  Anther  on. 

When  M.  BerthoUet  separated  a  little  pot- 
ash from  sulphuric  acid  by  soda,  he  merely 
formed  a  little  bisulphate  of  potash,  while  the 
free  potash  united  to  the  water  and  aloobol, 
for  which  it  has  a  strong  affinity,  and  sulphate 
of  soda  was  also  formed.  This,  therefore,  is 
a  very  intelligible  case  of  compound  attraction. 
According  to  M.  Berthollet,  whenever  an  earth 
is  predpitiued  from  a  saline  combination  by 
an  alkali,  it  should  carry  down  with  it  a  por- 
tion of  its  add  associate.  But  sulphate  of 
magncda  acted  on  by  potash,  yields  an  earthy 
predpitate,  which,  after  proper  washing,  be- 
trays the  presence  of  no  retained  sulphuric 
acid.  The  neutral  salu)  of  soda  and  potash 
part  with  none  of  their  add  to  magnesia,  by 
the  longest  digestion  in  thdr  solutions.  If  on 
the  tartrate  of  lime,  or  oxalate  of  lead,  the 
portion  of  sulphuric  add  adequate  to  saturate 
these  respective  bases  be  poured,  entire  decom- 
podtion  will  be  effected  without  any  partition 
whatever.  Now,  sulphate  of  lime,  which  is 
the  result  in  the  first  case,  bdng  actually  a 
much  more  soluble  salt  than  tlie  tartrate,  we 
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ihoalA  expect  a  portioii  of  the  latter  to  renst 
decomposition  by  the  aid  of  its  cohesive  force. 
A  plate  of  iron  plunged  into  a  solution  of 
sulphate  of  copper,  separates  the  whole  of  the 
latter  metal.  An  equally  absolute  deoompo- 
sitioA  is  effected  by  zinc  on  the  saline  solutions 
of  lead  and  tin.  The  sum  total  of  oxygen 
and  acid  is  here  transferred  to  the  decomposing 
body,  without  any  partition  whatever. 

We  have  already  observed,  that  sulphate  of 
barytes  digested  in  a  hot  solution  of  carbonate 
of  potash,  ^ves  birth  to  a  portion  of  carbonate 
of  barytes  and  sulphate  of  potash*  But  by 
M.  Dulong's  experiment,  the  reverse  decom- 
position is  possible,  viz.  carbonate  of  barytes 
being  digested  in  solution  of  sulphate  of  potash, 
we  obtain  sulphate  of  barytes  and  carbonate  of 
potash.  Are  we  hence  to  infer,  that  sulphate 
ot  barytes  and  carbonate  of  potash,  having  for 
sometime  amused  the  operator  by  the  produc 
tion  of  an  alkaline  sulphate  and  earthy  carbo- 
nate,  will  change  their  mood,  and,  retracing 
their  steps,  restore  things  to  their  pristine  con- 
dition, and  thus  in  alternate  oscillation  for 
ever? 

If  chlorine  gas  be  made  to  act  on  the  oxides 
of  mercury,  tin,  or  antimony,  it  will  unite  to 
the  metalUc  base,  and  displace  every  particle 
of  the  oxygen.  Now,  the  resulting  chlorides 
cannot  owe  their  purity  to  any  superiority  of 
cohesive  force  which  they  possess  over  the  ox- 
ides, which,  on  the  contrary,  are  both  denser 
and  more  fixed  than  the  new  compounds. 
Finally,  if  25  parts  of  pure  magnesia  mixed 
with  36  of  dry  lime,  be  digested  in  85  parts 
of  nitric  acid,8p.  gr.  1.500  diluted  with  water, 
we  sUni  find  that  the  whole  lime  will  be  dis- 
8blved\  but  not  a  particle  of  the  magnesia. 
On  decanting  the  neutral  calcareous  nitrate, 
washing  and  drying  the  earthy  residuum,  wc 
shall  procure  the  25  parts  of  magnesia  un- 
changed. 

We  are,  therefore,  entided  to  affirm,  that 
affinity  is  elective,  acting  in  the  different  che- 
mical bodies  with  gradations  of  attractive  force, 
liable  however' to  be  modified,  as  we  have 
shown  in  the  case  of  muriate  of  lime  and  car- 
bonate of  ammonia,  by  temperature,  and  other 
adventitious  powers. 

Decompositions  which  cannot  be  produced 
by  single  attractions,  may  be  effected  by  double 
affinity ;  and  that  wc  may  expect  with  the 
greater  certainty,  a  priot%  if  one  of  the  two 
resulting  compounds  of  the  double  interchange 
naturally  exists  in  the  solid  or  aeriform  state. 
And  if  the  one  resulting  compound  be  solid 
and  the  other  gaseous,  then  decomposition  will 
be  certain  and  complete.  This  applies  witii 
equal  force  to  single  affinities,  or  decomposi- 
tions.  Thus  when  sulphuric  add  and  muriate 
of  lime  in  due  proportions  are  exposed  to  heat, 
a  perfect  decomposition  is  accomplished,  and 
pure  sulphate  of  lime  and  muriatic  add  gns 
are  produced.  But  when  the  various  mixed 
ingredients  remain  in  solntion^  it  is  then  rea- 


sonable to  think  witii  BerthoUet,  that  a  reci* 
procal  attraction  pervades  the  whole,  mofiiy- 
ing  its  nature  ana  properties.  Thus  solutioo 
of  sulphate  of  copper  is  blue,  that  of  muriate 
of  copper  is  green.  Now,  if  into  a  sohiliMi 
of  the  former  salt  we  poiir  muriatic'  add,  we 
shall  observe  this  robbing  the  sulphuric  acid 
of  a  quantity  of  the  cupreous  oxide,  propor- 
tional to  its  mass ;  for  the  more  muriatic  add 
we  add,  the  greener  will  the  liquid  become. 
But  if,  by  concentration,  the  sulphate  of  cop- 
per be  suffered  to  crystallize,  the  phenomena 
change ;  a  new  force,  that  of  crj^stallizatioii, 
is  superadded,  whidi  aids  the  affinity  of  the 
sulphuric  acid,  and  deddes  the  decomposition. 
The  surplus  of  each  of  these  acids  is  employed 
in  counterbalandng  the  surplus  of  its  anta- 
gonist, and  need  not  be  considered  as  combined 
with  the  copper.  Here,  however,  we  verge  on 
the  obscure  and  unproductive  domain  of  cJic- 
mical  metaphysics,  a  r^on  in  which  it  is 
useless  to  expatiate. 

M.  Berthollet  estimates  the  attractive  forces 
or  affinities  of  bodies  of  the  same  dass,  to  be 
inversely  as  their  saturating  quantities.  Thus, 
among  acids,  50  parts  of  real  snlphuric  will 
saturate  as  much  potash  or  soda  as  67^  of 
real  nitric,  and  as  27-|  of  carbonic  Thus,  too, 
21 1  of  ammonia  will  saturate  as  mudi  add  as 
25  of  magnesia,  35  of  lime,  and  GO  of  potash. 
Hence  he  infers  that  the  carbonic  add  is  en- 
dow^  with  a  higher  affinity  than  the  sul- 
phuric ;  and  this,  than  the  nitric.  The  same 
proposition  applies  to  ammonia,  magneda, 
lime,  and  potash.  But  in  direct  hostility  to 
this  doctrine,  we  have  seen  lime  exercise  a 
greater  affinity  for  the  adds  than  magneda. 
And  though  M .  Berthollet  has  ingeniously 
sought  to  explain'  away  the  difficuhy  about 
potash,  ammonia,  and  carbonic  add,  by  re- 
rerring  to  the  solid  or  gaseous  results  of  their 
action  ;  yet  it  ia  hard  to  oonodve  of  solidity 
operating  in  producing  an  effect,  before  solidity 
exists,  and  of  elasticity  operating  while  the 
substance  is  solid  or  liquid.  On  this  point  a 
flood  syllonam  has  been  ollbcd  by  Sir  H. 
Davy.  ^'The  action,*'  Wf%  this  profound 
chemist^  ^  between  tiie  constituents  of  a  com- 
pound, mutt  be  mutual  Sulphuric  add, 
there  is  every  reason  to  believe,  has  as  mudi 
attraction  for  barytes,  as  barytes  has  for  sul- 
phuric add,  and  barytes  is  the  alkaline  sub- 
stance of  which  the  largest  quantity  is  required 
to  saturate  sulphuric  add ;  therefore,  on  M. 
Bertho]Iet*s  view,  it  has  the  weakest  affinity 
for  that  add ;  but  less  sulphuric  add  saturates 
this  substance  than  any  other  earthy  or  alkaline 
body.  Therefore,  according  to  M.  Berthollet, 
sulphuric  acid  has  a  stronger  affinity  for  ba- 
rytes than  for  any  other  substance;  which  is 
contradictory.*' 

In  the  table  of  chemical  equivalents  (Eatri- 
VAXENTs,  Chemical)  will  be  found  a  view 
of  the  definite  proportions  in  which  the  various 
chemical  bodies   combine,  referred   to  their 
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fat  lowest  nmiierical  texmsy.vulgarlf 
caSed  the  weigkU  of  the  atoms, 

Mr.  Higgina,  who  &st  suggested  the  Atomic 
Theory^  in  promvQgatiDg  its  priodples  in  his 
GornqpoEadYe  View  of  the  PhU^stic  and  Anti- 
pihlngistic  Hypotheses,  connected  tJieir  expo- 
silkui  with  genend  Tiews  of  the  relative  forces 
itf    affinity  among  the  oombininff  particles. 
Tbeae  forces  he  iUustzates  by  diagrams,  to 
wlideh  I  have  adverted,  in  the  article  JEquiv a- 
!•  V V  Ts  (Chemical  ).    This  joint  oonsidera- 
tioo  of  combining  force,  and  combining  rattOy 
haa   been  negle^ed  by  subsequent  writers; 
wbeooe,  Mr.  Higgios  says,  ^^  The  atomic  doc- 
trine has  been  i^lied  by  me  in  abstruse  and 
difficult  zesearcbes.    Its  application  by  Mct 
DaUon  has  been  in  a  genearal  and  pppulajc 
way ;  vid  it  is  from  these  circumstances  alone^ 
thai  it  gained  the  name  of  Dalton's  Theory." 
Smoe  the  chemical  statics  appeared,  perhaps 
no  chemist  has  eontrlbutcd  so  many  important 
£icu  t0  the  doctrines  of  affinity  as  &I.  Dulobg. 
His  admirable  inquiries  oonoerning  themutual 
deoomposition  of  soluble  and  insolub^  salts 
were  presented  to  the  National  Institute,  and 
afttmrdspuUisbedin  the  Annales  de  Chimie, 
ion.  92;  ftom  whicb  they  were  translated 
iaft»the  3dthaiid  3Gth  volumes  of  NicboUon'a 
Joqmal,  and  an  abstract  of  them  was  given 
m  the  41st  Yol.  of  the  Phil.  Mag. 

After  the  labours  of  BergDoan  and  BerthoUet, 
dieauscry  seemed  to  leave  little  further  to  be 
denied,  relative  to  the  mutual  decomposition 
*^  «f  soluble  salts.  But  the  insoluble  salts  are 
likewiie  soseeptible  of  exchanging  their  prin. 
dples  with  a  great  number  of  the  soluble  salts. 
^  This  dass  of  phenomens'^  says  M.  Duloog, 
^tlioogh  almost  as  numerous  as  that  whidi 
CBbcaees  the  soiuble  salts,  and  eanable  of  af. 
ftidiog  new  refonrces  to  analysis,  has  not  yet 
bna examined  in  a  general  manner.'* 
.  The  action  of  the  soluble  c^bonates  on  the 
bduUe  salts  ia  the  only  one  which  had  been 
',  IKaUitikdied.  Thus  carbonates  of  potash  and 
I0da  is  solution  had  been  employed  ooove- 
BiMljr  to  decompose  sulphate  of  bary  tea.  M. 
DbIoi^  had  an  opportunity,  in  some  parti- 
cular ffsearches,  to  observe  a  considerably  ex- 
t»ift  Bumber  offsets  relating  to  the  mutual 
deoompositioa  of  the  soluble  and  insoluble 
/  ttlCs,  and  endeavoured,  he  says,  to  determine 

J  (be  gcnend  canae  of  thoe  phenomena,  and  the 

'  method  of  foreseeing  dieir  results,  without  be- 

i^  obliged  to  rdtain,  by  an  effinrt  of  memory, 
af  which  few  persons  would  be  capable,  all  the 
dinet  ob^cKradona  which  would  be  requisite  to 
aseertain  them. 

AI.  Dnlong  found  by  experiment,  that  all 
the  insfdnble  salts  are  deoomposable  by  the 
cnhdoate  of  potash  or  the  carbonate  of  soda, 
and  in  aome  instanoes  with  curious  phenomena. 
Whca  sn^phate  of  barytes,  phosphate  of  ba. 
rytes,  or  oxalate  of  lime,  ia  boiled  with  solu- 
tion of  bicarbonate^  or  carbonate  of  potash,  a 
considerable  part  of  the  insoluble  sulphate  is 


constantly  transformed  into  a  carbonate  of  the 
same  base;  but  on  reaching  a  certain  limit, 
the  decomposition  stopped,  ^though  there  re- 
mained sometimes  a  very  considerable  quan. 
tity  of  the  soluble  carbonate  not  decomposed. 
M.  Dulong  convinced  himseli^  that  the  dif. 
ferent  degrees  of  concentration  of  the  alkaline 
solution,  produced  but  very  slight  variations 
in  the  results  of  this  decomposition.  He  took 
10  granmies  of  dry  subcarbonatc  of  potash, 
and  7*^)  being  their  equivalent  proportion,  of 
dry  subcarbonatc  of  soda ;  quantities  contain- 
ing each  3.07  grammes  of  carbonic  acid.  They 
were  separately  dissolved  in  250  grammes  of 
water,  and  each  solution  was  kept  in  ebullition 
for  two  hours,  on  8  grammes  of  the  sulphate 
of  barytes.  On  analyzing  the  two  residues,  it 
was  found  that  the  potash  experiment  yielded 
2.185  grammes,  and  the  soda  only  1.833 ;  or 
in  the  proportion  of  6  to  5.  Is  this  difference 
to  be  ascribed  to  the  difference  in  tlie  attractive 
forces  of  the  two  alkalis ;  to  the  more  sparing 
solubility,  or  greater  attractive  force  of  the  sul- 
phate of  potash ;  or  to  both  causes  conjomtly  ? 
^  Since  ihe  alkaline  carbonates  lose  their  de- 
composii^  agency  when  a  certain  proportion 
of  the  alkaline  sulphate  is  formed,  M.  Dulong 
tried  to  ascertain  the  limits  by  the  following 
experiment :  7  grammes  of  sulphate  of  potash, 
with  6  of  subcarbonate,  dissolved  in  250  of 
water,  were  boiled  with  the  sulphate  of  barytes 
for  several  hours,  without  the  least  trace  of 
decomposition  being  evinced.  The  supernatant 
liquid,  filtered,  and  boUed  on  carbonate  of  ba- 
rytes,  produced  a  considerable  quantity  of  sul- 
phate ;  but  ceased  acting  before  this  sulphate 
of  potash  was  exhausted.  The  same  ph^o- 
mena  were  obtained  with  carbonate  and  sul- 
phate  of  soda.  ^'  Lastly,  the  sulphate  of  pot- 
ash and  the  sulphate  of  soda  alone,  and  per- 
fectly neutral,  re-acted  likevrise  upon  the  car- 
bonate  of  barytes,  and  produced  on  one  part 
sulphate  of  barytes,  but  on  the  other  the  sub- 
carbonate  of  potash  or  soda  which  remained  in 
solution,  together  with  the  portion  of  the  sul- 
phate which  resisted  the  decomposition.  20 
grlmmd)  of  crystallized  sulphate  of  soda,  and 
10  grammes  of  sulphate  of  potash,  were  sepa- 
ratfdy  dissolved  in  260  of  water.  Each  solu- 
tion was  boiled  for  2  hours  on  20  grains  of 
carbonate  of  barytes.  The  sulphate  of  soda 
produced  10.17  gr*  of  sulphate  of  barytes,  and 
the  sulphate  of  potash  9.87."  Had  108  of 
sulphate  of  potash  been  employed,  which  is  the 
true  equivatent  of  200  of  sulphate  of  soda  in 
crystals,  a  somewhat  larger  product  would  have 
been  obtained  than  9.87.  This  experiment, 
however,  is  most  satisfactory  with  regard  to 
the  amount  of  decomposition.  The  mutual 
action  t^  the  insoluble  carbonates,  with  the  so- 
luble salts,  whose  adds  form,  with  tlie  bases 
of  these  carbonates,  insoluble  salts,  is  equally 
general  with  that  of  the  soluble  carbonates 
on  the  insoluble  salts.  The  following  is  M. 
Dulong^s  table  of  results : 
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ICarbo- 
tiaii. 


Sulphate  of  Potash 
Soda 
Lime 


.Ammonia 
-  Magnesia 
Phosphate  of  Soda 

Ammonia 


Sulphite  of  Potash 
Phosphite  of  Potash 
Soda 
Ammonia 


Carbo- 
nate of 
Lime. 


Borate  of  Soda 
Aneniate  of  Potash 
Soda 


Oxalate  of  Potash 

Ammonia 


Fluate  of  Soda 
Chromate  of  Potash 


Td. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 


Carix>- 
oateof 
Lead. 


0 
0 
0 

Id. 

id. 
Id. 
Id. 
Id. 
Id. 
Id. 

id. 
Id. 
Id. 
Id. 
Id. 
Id. 


Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
Id. 


All  those  salts  which  have  ammonia  for 
their  base  are  completely  decomposed  by  the 
imoluble  carbonates  found  in  the  same  co- 
lumn. The  new  insoluble  odt  rrolaoes  the 
carbonate  which  is  decomposed,  and  the  car- 
bonate of  ammonia  flies  c^.  Hence,  if  a  suf- 
fidcBt  quantity  of  insoluble  carbonate  be  pre- 
sent, the  liquid  will  become  pure  water. 

When  the  soluble  salt  has  an  insoluble  base, 
the  decomposition  does  not  meet  with  any  ob- 
staele,  but  continues  until  the  liquid  becomes 
mere  water.  Thus,  solution  of  sulphate  of 
ra^eda,  boiled  with  carbonate  of  barytes^ 
wtt  be  resolved  into  an  insoluble  carbmuue 
and  sulphate,  provided  enough  of  carbonate  of 
barytes  be  present.  Otherwise  a  portion  of 
the  magnesian  carbonate  being  dissolved  in  its 
own  siuphate,  gives  alkaline  properties  to  the 
solution. 

If  the  base  be  metallic,  it  almost  always 
forms  a  salt  with  excess  of  oxide,  which  being 
insoluble,  precipitates. 

The  general  inferences  of  M.  Dulong's  in- 
quiries are  the  foUowing :  1.  That  aU  3ic  in- 
soluble  salts  are  decomposed  by  the  subcar- 
bonates  of  potash  or  soda,  but  that  a  mutual 
exchange  of  the  principles  of  these  salts  cannot 
in  any  case  be  completely  made ;  or  in  other 
words,  that  the  decomposition  of  the  subcar- 
bonates  is  onlv  partial  2.  That  all  the  soluble 
salts,  of  which  the  acid  forms,  with  the  base 
of  the  insoluble  carbonates,  an  insoluble  salt, 
are  decomposed  by  these  carbonates,  until  the 
decomposition  has  reached  a  certain  limit  which 
it  cannot  pass. 

When  a  soluble  subcarbonate  acu  on  an  in- 
soluble salt,  in  proportion  aa  the  carbonic  acid 
is  precipitated  on  the  base  of  the  insoluble 
salts,  it  is  replaced  in  the  solution  by  a  quan. 
'  tiiy  of  another  acid,  capable  of  completely 
neutralizing  the  alkaU.  Thus,  during  the 
whole  course  of  the  decomposition,  fresh  quan. 


titles  of  netitrai  nit  leplace  Ae  coiRipondinU 
quantities  of  an  imperfectly  saturated  aUaUne 
compoundc  and  if  we  view  the  excess  of  alka- 
line power  in  the  undecomposod  subcarbooatey 
or  its  unbalanced  capacity  of  aaturaliflOi  as 
acting  upon  both  acidsj  it  is  evident  Aiat  in 
proportion  as  the  deoompoeitum  advances,  ibe 
liquid  approadtet  more  and  more  to  the  nea- 
tral  state.  In  the  inverse  expeiimait»  a  ood- 
traiy  change  supervenes.  Each  portioo  of  the 
add  of  the  soluble  salt,  (sulphate  of  soda  for 
example),  which  is  precipitated  on  the  base  of 
the  insoluble  carbonate,  is  repUoed by  aquaft- 
tity  of  carbonic  add,  which  fonnst  with  the 
corresponding  baae,  an  alkaline  sabcatbcnates 
and  the  more  of  the  first  add  is  pncipHatsd 
upon  the  earthy  base,  the  more  subcarbonate 
the  liquid  oontains,  and  the  farther  does  its 
state  recede  from  neutralisation.  Tfab  oonsi. 
deration  seems  to  lead  duecdy  to  the  following 
theoiy  of  these  decompositions. 

It  is  known,  says  SC  Dukng,  that  all  the 
salts,  even  those  which  possess  Uie  greatest  co- 
hesion, yield  to  caustic  potash  or  soda,  a  moie 
or  less  considerable  portion  of  thdr  add,  ac 
cording  to  dreumstances.  Now  the  alkaline 
subcarbonates  may  be  considered  ss  weak  al- 
kalis, which  may  take  firom  all  the  insoluble 
salts  a  smsB  quantity  of  their  adds.  Hiis 
effisct  would  soon  be  limited  If  the  alkali  were 
pure,  in  consequence  of  the  resistance  offered 
by  ^e  pure  and  soluble  base.  But  the  latter 
meeting  in  the  liquid  an  add  with  which  it 
can  form  an  insoluble  salt,  unites  with  it,  and 
thus  re-estahlishes  the  primitive  conditions  of 
the  experiment  The  same  dKcts  axe  pro- 
dnced  successively  on  new  portions  of  the 
bodies,  till  the  d^ree  of  sstnration  of  the 
liquid  is  in  equilibrium  with  the  cohesive  fbtoe 
of  the  insoluble  salt,  so  that  the  feebler  this 
resistsnce  may  be,  the  more  progress  the  de- 
composition win  nuike.  And  sgun,  when  an 
insoluble  carbonate  is  in  contact  with  a  neutral 
soluble  salt,  the  base  of  the  carbonate  will 
tend  to  take  part  of  the  add  of  the  neutrsl 
salts;  and  if,  from  this  union,  an  insoluble 
salt  can  result,  the  force  of  cohesion  peculiar 
to  this  compound  will  determine  the  fonnation. 
The  carbonic  add,  released  from  the  attrac- 
tion of  the  earthy  base  by  the  fixed  add,  in- 
stantiy  attaches  itself  to  the  surrounding  al- 
kali, forming  a  subcarbonate  which  re^aoes 
the  decompMed  neutral  salt  The  predpita- 
tion  oi  the  fixed  add  on  the  insoluble  carbo- 
nate, and  the  absorption  of  carbonic  add  by 
the  liquid,  continues  until  the  alkalinity  there- 
by devd<^)ed  becomes  so  strong  as  to  resist  the 
precipitation  of  the  add;  thus  forming  a  coun- 
terpoise to  the  force  by  which  that  predpita- 
tion  was  accomplished.  All  action  then  ceases 
so  that  the  more  cohesbn  the  insoluble  salt 
possesses,  the  greater  will  be  the  proportion  of 
acid  taken  from  the  soluble  salt. 

When  the  carbonate  of  potash  can  no  longer 
decompose  the  sulphate  of  barytes,  the  carbonic 
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wid  vliidi  feoMnis  in  the  tolutiaii  li  to  the 
sniphuric  add  nearly  in  the  ratio  of  3  to  1; 
■nd  when  the  wilphate  of  potiah  can  no  longer 
act  opon  the  carbonate  of  barjteB,  these  t«o 
addaarenearlyintheratioof  3  toS;  whence 
it  foUowa,  that  the  fint  Uqnor  is  niudi  more 
alkaline  than  Ae  lecond. 

It  if  easy  to  aooonnt  for  this  diSbcnce  by 
examining  die  conditions  of  the  equilibrium 
eataUiahed  in  the  two  cases.  When  the  suU 
phate  of  potash  no  longer  decomposes  the 
carbonate  of  barytes,  it  &  becsnse  the  excess 
of  alkali,  dewJoped  in  the  liquid,  forms  a 
coonlcrpoibe  to  the  power  with  wtuch  sulphate 
ef  bsTftes  tenda  to  be  produced  in  these  dr- 
camatanceB.  And  when  the  subcarbonate  of 
potash  csn  no  longer  decompose  the  sulphate 
of  barytes,  it  is  because  there  is  not  such  an 
excess  ef  alkafi  in  the  liquid,  as  is  capable  of 
ovocoming  the  cohesion  ttid  attractkm  between 
the  ciencttts  of  duu  salt.  Now  we  know,  diat 
it  nqulns  a  ocatar  ibne  to  OTcroome  an 


existing  attractive  power  than  to  maintain  the 
quiescent  oondltian.  ThcRfore  the  subcsr* 
bonate  of  potash  ought  to  cease  to  decompose 
the  sulphate  of  barytes,  before  the  sulphuric 
and  carbonic  adds  are  in  the  same  relation  in 
which  they  are  found,  when  the  equilibrium  is 
estaUished  by  the  inverse  experiment  Hence 
we  see,  that  a  mixture  criTsulnhate  and  subcsr- 
bonate  of  potash*  in  which  me  proportioDS  of 
thdr  two  adds  shall  be  withfai  the  limits  pointed 
out,  will  have  no  acdon  dther  on  the  sulphate 
or  carbonate  of  barytes.  For  the  other  in. 
soluble  salts,  there  will  be  other  rdations  of 
quantity ;  but  there  is  always  a  certain  inter* 
▼al,  more  or  less  considerable,  between  their 
limits.  The  mutual  action  of  sulphate  of  soda 
and  carhpnateof  barytes  isalmost  instantaneous* 
It  is  sufficient  to  pour  a  boiling  hot  solution  of 
the  sulphate  on  tnie  carbonate ptaced  on  afiltcr, 
in  order  that  more  than  three-fourths  of  die 
su^huric  add  be  precipitated,  and  replaced  by 
a  coRcqponding  qnandty  of  carbonic  add. 
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BUfPLB  BLSOTITB  ATTBAOTIONS, 
FKOM  BEROUANN. 

I.— WATER  AND  COMBUSTIBLE  SUBSTANCES. 

IN  THE  HUMID  WAY. 


Watke. 

SULVHUB. 

Salute 

SULPHUKETS. 

Alcohol. 

ETBZ&. 

Polaah 
Sod« 

Ilolybdic  oxide 

Ox^^gold 

Water 
Ether 

Akohol 
Volatile  oils 

AIDIIMBUI 

aDdftcid 

sUm 

Volatile  oils 

Water 

DfliqaeKsnt  Mki 
Akohol 

Oxide  of  leiUi 
tin 

arsenic 

Ammonia 
Fixed  alkafi 

Sulphur 

Cvbooftte  Of  m- 

silver 

antimony 

Alkaline  so^hn- 

nKna 

inenmry 

bismuth 

rets 

Ether 

Biwnlc 

copper 

Sulphur 

Solplraiieadd 

antimony 

tin 

Mnziatcs 

iron 

lead 

Phosphorie  add 

nbi    * 

Potash 

Soda 

nickd 
oobolt 

Baiytes 
Stiondan 

mangsnese 

Fav  Oils. 

Vol  ATiLX  Oils. 

iron 

Lime 

Other  metiffic 

B«7tes? 

Biher 

Magnesia 

oxides 

EtU^btian  ? 

Alcohol 

Phomlioias 
Fatofls 

Carbon 
Water 

lima 
Metallic  oiidei 

Fixed  alkalis 

Anunoma 

AJcohtd 

Ether 

Sulphur 

Ethev 

Ether 

Volatile  oils 

Pbosphahis 

Hydrogen 

Fixed  alkalis 

J  . 

Sulphur 
Phosphoms 

IN  THE  I 

>RY  WAY.    ' 

SULFHUIETTED 

Hydeooek. 

Oxygen 

Manganese 

Potash 

Iron 

Barytes 

Soda 

Copper 

Potash 

Iron 

Ti£ 

Soda 

Copper 

Lead 

Lime 

Tii*^ 

saver 

Ammonia 

Lead 

Gold 

Magnesia 

SUver 

Antimony 

2Hroon 

Cohalt 

Cobalt 

Nickel 

Nidcd 

Bismuth 

Bismuth 

', 

Antimony 

Mercury 

( 

Mcrcoxy 

Aiaenic 

Axsenic 

Carbon? 

I 

Uranium  ? 

Molybdena 

Tcwuium 

1      ^ 
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TABLE  OF  Simple  Elective  Attractioms. 
II.— OXYGEN  AND  METALS. 

IN  THE  HUMID  WAY. 


OzrOEN. 

Oxide  of 

Oxide  of 

Oxide  of 

Oxide  of 

Oxide  op 

Gold. 

SiLTEB. 

Platina. 

Mebcu&y. 

Lead. 

Zinc 
Iron 

Adds,  gallic 
muriatic 

Adds,  gallic 
muriatic 

Adds,  galUc 
muriatic 

Adds,gamc 
muriatic 

Acids,  gallic 
snlphudc 

Tin 

nitric 

oxidic 

nitric     . 

mudc 

Antmiony 

sulphuric 

sulphuric 

sulphuric 

sucdnic 

oxalic 

Aiaenic 

arsenic 

mude 

arsenic 

phospho- 

arsenic 

head 

fluoric 

phospho- 

fluoric 

ric 

tartaric 

Bismuth 

tartaric 

ric 

tartaric 

sulphuric 

phospho. 

Coppa 

phospho- 

sulphur- 

phospho- 

mucic 

^S 

Platinum 

ric 

ous 

ric 

tartaric 

lOniAtic 

Mercury 

acetic 

nitric 

oxalic 

dtric 

aulphur. 

r  Palladium 

sebadc 

arsenic 

dtric 

maUc 

ous 

)  Rhodium 

Fixed^lnlis 

fluoric 

acetic 

sulphur. 

suberic 

)  Iridium 

tartaric 

succinic 

ous 

nitric 

VOnnium 

Ammonia 

citric 

prussic 

nitric 

fluoric 

Sflyer 

Sulphuretted 

succinic 

carbonic 

fluoric 

dtric 

Gold 

hydrogen 

acetic 

Ammmia 

acetic 

malic 

pnissic 

bensoic 

sucdnic 

carbonic 

boiadc 

acetic 

Ammonia 

prusBc 
carbonic 
Ammonia 

benaoic 
bondc 

CBrtMnic 

= 

Fixed  alkalis 

IN  THE  I 

>RYWAY. 

Fat  oils 
Ammonia 

GOLI>. 

Silver. 

Platina. 

Meecuet. 

Lead. 

Titanium 

Mercury 

Lead 

Arsenic 

Gold 

Gold 

Manganese 

Copper 

Copper 

Gold 

Silver 

Sflver 

Zinc 

SUver 

Mercury 
Bismuth 

Copper 

Copper 

Iron 

Lead 

Tin 

Lead 

Mercury 
Bismuth 

Tin 

Bismuth 

Tin 

Bismuth 

Tin 

IJianium 

Tin 

Gold 

Zinc 

Zinc 

Tin 

Molyhdena 

Antimony 

Antimony 

Antimony 

Bismuth 

Anthnony 

Tungsten 
Cobalt 

Iron 

Iron 

Nickd 

Copper 

PUdna 

Platina 

Manganese 

Cobalt 

Antimony 

Arsenic 

Antimony 

Zinc 

Zinc 

Manganese 

Arsenic 

Zinc 

Nickd 

Nickel 

Arsenic 

Iron 

Iron 

Nidttl 

Arsenic 

AnMnic 

Nickel 

Lead 

Alkaline  sul- 

Iron 

Chromium 

Cobalt 

Silver 

phurets 
Sulphur 

Alkaline  sul- 

Bismuth 
Lead 

Manganese 
Alkaline  sul- 

Alkaline  sul- 
phurets 

Mercury 
Alkaline  sul- 

phurets 
Sulphur 

Tellurium 

phurets 

phurets 

Platinum    - 

Mercury 

SUyer 

Gold 

Hydrogen 
Carbon 

Boron 

The  colum 

n  under  oxygen  fa 
eh  the  metalt  nr 
rding  to  Vauqueiiz 
)y  the  difficulty  w 

divided  into  two 

parts.     The  flrst  exhibits  the 
hcT  from  acid  Roiutions;  the 

Sulphur 

order  in  whi 

ecipitate  one  anol 
i.fthows  theaffiui 

Moond,  accoi 

ties  of  the  metals  for  oxygen, 
Lides  are  decomposed  by  heat. 

ith  which  Uwiroi 

Ante 

ItMdUftran 

'■  from  Bergmann'i 

1  column. 

Chlorine 

» 

• 
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TABLE  OF  Simple  Elective  Attractiohs. 
METALS— (continued.) 


IN  THE  HUMID  WAV. 


0XIJ>S  OF 

Oxide  of 
Ieow. 

Oxide  of 

Oxide  of 

Oxide  of 

Oxide  of 

COPPKS. 

Tiw. 

BiSXVTH. 

Nickel. 

Absevic. 

Adib,gri]ie 

AddsgaDic 

AcidbsgaQie 

Acida,  oxalic 

Adds,oxaUc 

Adda,gamc 

ouUc 

onlie 

tartaric 

arsenic 

muriatic 

muriatic 

tiitttk 

muriatic 

tartaric 

sulphuric 

oxalic 

miiTJiitir 

eampho- 

sulphuric 

pboapho. 

tartaric 

sulphuric 

snlnbozk 

rie 

oxalic 

ric 

nitric 

nitric 

r 

mode 

Balphuric 

arsenic 

sulphuric 

sebadc 

sebadc 

iriirie 

mudc 

phoi^ho. 

muriatic 

phospho- 

tartaric 

aneoie 

moiiatie 

ric 

nitric 

ric 

pbospho. 

pliotpho. 

ttitiic 

nitric 

flnotic 

fluoric 

^di 

ric 

phospho- 

sncdnic 

mudc 

mode 

fluoric 

racdnic 

ric 

fluoric 

succinic 

sucdnie 

mudc 

iburic 

arsenic 

mndc 

dtiic 

dtric 

succinic 

citric 

fluoric 

dtzic 

acetic 

acetic 

dtric 

• 

aifyriff 

snodnic 

acetic 

arsenic 

prussic 

arsenic 

bondc 

dtnc 

boiadc 

boradc 

carbonic 

acetic 

pni»c 

OrtODiC 

acetic 
boradc 

prusiic 
Pots& 

prussic 
carbonic 

AmuKinia 

pruasie 
Fixed  alkalia 

• 

PotKh 

prussic 

Soda 

Ammonia 

Ammonia 

ISoda 

carbonic 

Ammonia 

Fatdls 

lAmnMiU 

Water 

FttoOt 

IN  THE  I 

«Y  WAY. 

Copper. 

Ieok. 

1       Tiir. 

BlSKVTH. 

NlCXKL. 

AK8ENIC« 

.GoU 

Nickel 

Zinc 

Lead 

Iron 

Nickel 

iSaTer 

Cobalt 

iMeieury 
'Antmony 

SQver 

Cobalt 

Cobalt 

Iron 

Manganese 

Gold 

Arsenic 

Copper 

Aneme 

ArKnic 

Mercury 

Tin 

Iron 

Zinc 

gsr 

JGold 
SHver 

Antimony 
Tin 

SUver 
Tin 

Antimooy 

Silver 

Lead 

Copper 

Antamony 

Lead 

Plmmrf 

Tin 

Iron 

Platina 

Platma 

Gold 

Tin 

Antimony 

Manganese 

Nickd 

Bismuth 

Pladna 

m 

Lead 

Platina 

iNickd 

Iron 

Lead 

Zinc 

Nickel 

Bismuth 

lAiBcnic 

Zinc 

SUver 

Antimony 

Bumutu 

Iiead 

PUtina 

Alkaline  suL 

Zinc 

Alkaline  sul- 

Cobalt 

Alkaline  sul- 

Bismuth 

phurets 
Sulphar 

Alkaline  sul- 

phurets 
Sulphur 

MercoTT 

pbureU 
Sulphur 

Cobalt 

phurets 
Sulphur 

Alkaline  niU 

phurets 
Saiphur 

phurets 
Sulphur 
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TABLE  OF  SiMFLE  Elective  Attractions. 
METALS— (concluded.) 

IN  THB  HUMID  MTAT. 


Oxms  OF 

Oxii>e  OF 

OxiDfl  OF 

OxiDfl  OF 

Oxide  of 

Oxide  of 

COBAI/T. 

ZlKC. 

AyTlVOKT. 

MANi^ABESE. 

Tellueiuk. 

TlTAWIUM. 

AddSfOialic 

AadB)  galhc 

Adds,  game 

Acidi,  oxalic 

Adds,  nitric 

Adds,  solphu. 

ummtic 

oxalic 

mtulatic 

tartaric 

nitro-mu** 

ric 

solphttrie 

tnilAuric 

benaoic 

dtric 

riatic 

nitric 

tartaric 

muriatic 

oxalic 

fluoric 

sulphuric 

mnriatK 

nitrie 

macic 

mdphazic 

phoapbo. 

Sulphur 

pruisic 

pboapho- 

Bhne 

(      nitrie 

ric 

AlkalU 

Hte 

tartttic 

tartaric 

nitric 

Mercury 

fllMDC 

plkMpilO. 

made 

sulphuric 

mudc 

rie 

dttk 
racdnic 

viMaoho- 

soedoic 
dtnc 

:  i4e 
dttk 

anenic 
acetic 

Oxide  of 

acetic 
anenk: 

OCfOtOC 

flnoric 
amnic 

Jf^ 

pmsaic 
carbonic 

Ubakh/m. 

anenic 

Adds,  an^faa. 

pnMie 

boiBde 

aoeifc 

rie 

S«l«>ie 

pnuaic 

bandc 

rntuMnu- 

carbonic 

pniadc 

riatic 

cartKmk 

muriatic 

Ammonia 

Sulphur 
Fixed  alkallB 
Ammonia 

nitric 
phcapbc^ 

nc 
acatic 
gallic 

IN 

THE  DRY  WAY. 

pniauc 

carbonic 

Sulphur 

Cobalt. 

Zixc. 

Aktimowt.  {Makoakese. 

Tellubiitk. 

Iron 
Nickel 

Copper 
Antmiony 

Iron 
Copper 

Copper 
Iron 

Mercury 
Sulphur 

Aiaedc 

Tin 

Tin 

Gold 

^ 

Mereoiy 
Silver 

Lead 
Nidcd 

Sflver 
Tin 

Platina 

Oold 

Silver 

AlkaUneaol- 

Tib 

Cobalt 

Bismuth 

phureti 

Antimony 

Arsenic 

Zinc 

Zinc 

Platina 

Gold 

AlloJine  mil- 

Bismuth 

PUtina            ) 

phoieta 
Suiphiir 

licad 

Mercury 

Nickd 

Arsenic 

lion 

Cobalt 
Alkaline  nil. 

phurets 
Su^hur 
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Nitrate  of 
lime 


wad 

Sulphuric 
Llifane    64       add 

y ^ — : — » 

Sulphate  of  Ume 


Aneni-  I  Oxjgeo" 
oua   < 
add    \ 


Oxygen 


Anenicadd 


Acetate  of  poteih 


Sulphate  of  Hme 

. — 1-^ ' 

'Lfane    54 


add 


Sulphuret 
oflmie  "^ 

(^Sulphur 


Muriate  of  potash 

f¥otadi32  MuriatiTS 
add 


Sulphate 
of  potash*^ 


4-    23  =  85 


Sulpha-  ?1 
^ricadd   86 


Muifata 
of  Hme 


LimeJ 


-.^ 

Sulphate  of  lime 


Nitre 


rPotash     58 


Nitric- 
add 


8ttlphaie  | 
of     ^      62 


. 


.Nitiate 
roflead 


Sulphuric    OzJdeof 
(^     add  lead     J 

V ,,_ —  ' 

Sulphate  of  lead 


fPotaah    62    Sulphu-' 
ricadd 

Muriate 

7^\       32      -h      64=86 

Muriatic^ 
\_    add    86         Ume. 


f^ 


Nitrate  of  ammonia 
_-A , 


Niaate  of  soda 
A. 


Stt^ihate 
ofanw 


Ammo-   38    Nitric" 
nia  add 


46 

Sulphuric    Oxide  of 
add         mocuiy, 

\ ^ ' 

Sulphate  of  meicuiy 


rSoda 


Nitrate 
>of  mer- 
cury 


Common 
nit 


I  Muria 


I  Muriatic 
add 


Nitric' 
add 


saver  J 

-J 


Nitrate 
.    of 
silver 


Muriate  of  sUvcr 
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AUR 


J92 


AXI 


AUOITE.  Pyroxene  of  HaUy.  This 
minenl  is  for  the  most  part  crystallized  in 
small  six  or  eight^ided  prisms,  with  dihedral 
summits.  It  is  Amnd  abo  in  grains.  Its 
coIoiiTs  are  green,  brown,  and  black.  Inter- 
nal lustre  shining.  Uneven  fracture.  Trans- 
lucent. Easily  broken.  It  scratches  glass. 
Sp.  gr.  3^3.  Mdts  into  a  black  enamel  Its 
oompositioo,  according  to  Klapioth,  is  48  si- 
lica, 24  lime,  12  oxide  of  iron,  8.76  msgnesia, 
6  slumina,  I  mangsnese.  It  is  met  with 
amons  volcanic  rocks,  but  is  supposed  to  have 
existed  prior  to  the  eruption  and  ejection  of 
the  lava.  Large  aystalt  of  it  are  also  found 
in  basalt,  of  a  finer  green,  and  more  brilliant 
than  those  found  in  lavas.  It  occurs  with 
olivin  in  the  basalt  of  Teesdale ;  in  the  trap 
rocks  round  Edinburgh ;  and  in  several  of  the 
Hebrides. 

Sahlite  and  coccolite  are  considered  to  be 
varieties  of  augite. 

AURUM  FULMINANS.    See  Pulmi- 

KATIKO. 

AURUM  ORAPHICUM.     See  Okes 

of  OOLD. 

AURUM  MUSIVUM,  orMOSAICUM. 

A  combination  of  tin  and  sulphur,  which  is 
thus  made :  Melt  twelve  ounces  of  tin,  and 
add  to  it  three  ounces  of  mercury ;  triturate 
this  amalgam  with  seven  ounces  of  sulphur, 
and  three  of  muriate  of  ammonia.  Put  ihe 
powder  into  a  matrass,  bedded  rather  deep  in 
sand,  and  keep  it  for  seversl  hours  in  a  gentle 
heat ;  which  is  afterwsid  to  be  raised,  and 
continued  for  several  hours  bnger.  If  the  heat 
have  been  moderate,  and  not  continued  too 
long,  the  golden-coloured  scaly  porous  mass, 
oiUed  aurum  musivum,  will  be  found  at  the 
bottom  of  the  vessel ;  but  if  it  have  been  too 
strong,  the  aurum  musivum  fuses  to  a  black 
mass  of  a  striated  texture.  This  process  is 
thus  explained:  As  the  heat  increases,  the 
tin,  by  strong  affinity,  sdzes  and  combines 
wiUi  Uie  muriatic  add  of  the  muriate  of  am. 
mooia;  while  the  alkali  of  that  salt,  com- 
bining  with  a  portion  of  the  sulphur,  flies  cdF 
in  the  form  of  a  sulpburet  The  combination 
of  tin  and  muriatic  acid  sublimes;  and  is 
found  adhering  to  the  sides  of  the  matrass. 
Hie  mercunr,  which  served  to  divide  the  tin, 
combines  with  part  of  the  sulphur,  and  forms 
cinnabar,  which  also  sublimes;  and  the  re- 
maining sulphur,  with  the  remaining  tin,  forms 
the  aurum  musivum  which  occupies  the  lower 
part  of  the  vessel.  It  must  be  sdmitted,  how- 
ever, that  this  explanation  does  not  indicate 
the  reasons  why  such  an  indirect  and  com- 
plicated process  should  be  reauired  to  form  a 
simple  combination  of  tin  and  sulphur. 

It  does  not  appesi  that  the  proportions  of 
the  materials  requiro  to  be  strictly  attended  to. 
The  process  of  the  Marquis  de  Bullion,  as 
doicnbed  by  Chaptal  in  his  Elements  of  Che- 
mistry, consists  in  amalgamating  eight  ounces 
of  tin  with  eight  ounces  of  mercury,  and 


mixing  ^tm  with  six  ounces  of  snlphnx  and 
four  tit  muriate  of  smmonia.  Thia  mixture 
is  to  be  exposed  for  three  hours  on  asand  best 
sufficient  to  render  the  bottom  of  the  matrass 
obscurely  red-hot.  But  Chaptal  himself  found 
that  if  the  matrass  containing  the  mixture 
were  exposed  to  a  naked  fire,  and  violently 
heated,  die  mixture  took  fire,  and  a  suUirosie 
was  formed  in  the  neck  of  the  matnas,  con- 
sisting  of  the  most  beautiful  aurum  musivuin 
in  Isige  hexagonal  plates. 

Aurum  musivum  has  no  taste,  thoush  some 
specimens  exhibit  a  sulphureous  smdl  It  a 
not  soluble  in  water,  acids,  or  alkaline  solu- 
tions. But  in  the  dry  way  it  forms  a  yellow 
sulpburet,  soluble  in  water.  It  de&agnies 
widi  nitre.  Bergman  mentions  a  native  aurum 
musivum  f^m  Siberia,  containing  tin,  sulphur, 
and  a  small  proportion  of  copper. 

Aurum  musivum  is  used  as  a  pigment  for 
giving  a  golden  colour  to  small  statue  or 
plaster  figures.  It  is  likewise  said  to  be  mixed 
with  melted  glass  to  imitate  lapis  lazuli. 

Mosaic  gold  is  composed  of  100  tin  + 
56.25  sulphur,  by  Dr.  John  Davy  ;  and  of 
100  tin  +  52.3  sulphur,  by  Professor  Ber. 
zdlus ;  the  mean  of  which,  or  100  -\-  54-2 
is  probably  conect.  It  will  then  consist  of 
1  prime  of  tin  =  7-375  +  2  sulphur  =  4.0. 

AVANTURINE.  A  variety  of  quarts 
rock  containing  mica  spangles.  The  most 
beautifdl  comes  from  Spain,  but  Dr.  MOul- 
loch  found  specimens  at  Glen  Fernat  in  Soot- 
land,  which,  when  polished,  were  equal  in 
beauty  to  any  of  the  foreign.  The  most  usual 
colour  of  the  base  of  avanturine  is  brown, 
or  reddish-brown,  enclosmg  goMen-ooloured 


AUTOMALITK  This  minenl  occurs 
in  regular  octohedrona,  and  tetrahedrana.  It 
scratches  glass.  Sp.  sr.  4.26—4.69.  It  is 
nearly  opaque,  the  light  trsnsmitted  being  of 
a  dark  bluish-green  colour.  It  ia  compoaed 
of  alumina  42;  silica  4;  oxide  of  sine  28 ; 
oxide  of  irm  5;  sulphur  17-  VaueueHtu 
It  is  found  in  a  talcose  rock  at  FahW  in 
Sweden,  and  is  sometimes  called  FaUomte. 
Philipt'  Mineralogy. 

AXE-STONE.  A  subspecies  of  jade, 
from  which  it  difiers  in  not  being  of  so  light 
a  green,  and  in  having  a  somewhat  slaty  tex- 
ture. The  natives  of  New  ZesOand  work  it 
into  hatchets.  It  is  found  in  Corsica,  Swit« 
serland,  Saxony,  and  on  the  banks  of  the  river 
Amason,  whence  it  has  been  called  Amaac^ 
nian  stone.  Its  constituents  are  silica  50.5, 
magnesia  31,  alumina  10,  oxide  of  iron  5.5, 
water  2.75,  oxide  of  chromium  0>05. 

AXINITE,orTHUMERSTONE.  This 
mineral  is  sometimes  massive,  but  most  usually 
crystallized.  The  crystals  resemble  an  axe  in 
the  form  and  sharpness  of  their  edges ;  being 
flat  rhomboidal  parallelopipeds,  with  two  ct 
the  opposite  edges  wanting,  and  a  small  hce 
instead  of  each.    They  are  translacent,  and 
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«f  i  Tidltt  eolour,  wbenoe  called  violet  lehori. 
'They  become  electric  by  beaL  Tbe  ofual 
valour  m  dove-brown.  Imstie  qftUmfent. 
land,  bat  yiddi  to  the  file,  ood  easQy  brokes. 
^.  gr.  S.25.  It  froths  like  leoUte  befise  the 
bbvpipe,  mdting  into  a  black  enanMl,  or  a 
dtrk  green  glao.  AceonUiig  to  Vanqaelm't 
loalysia.  It  oontaios  44  aOica,  18  alumina,  19 
fine,  14  oxide  of  irop,  and  4  oxide  of  man- 
goieae^  It  iafbuod  in  beds  at  Thum  in  Sax- 
toy  ;  in  KiDas  at  SoCallack  near  the  Land*s- 
(od,  ComwBU;  and  at  Tiewdlaid  in  that 
^^tiitwuniooflt 

AZOTANB,  chktideof  aiote.  See  Ni. 
TftoaBir. 

AZOTE.    See  Gas  (NiTHoeEw). 

AZURB.STONE,  or  LAPIS  LAZULI. 
Hiis  maadve  mineral  is  of  a  fine  anie-bltte 
cokmr.  Lostte  glistening.  Fine  grained 
uneven  fractmt.  Soatchea  glass,  but  scarcdiy 
strikes  file  with  steeL  Opaque,  or  tnmlu- 
cent  on  the  veiy  edge^  Easuy  broken.  Sp. 
gmr.  2.8S.  In  a  very  stroi^  heat  it  intu- 
mesees,  and  mehs  into  a  yellowish  black  mao. 
After  calcmatlfln  it  forms  a  jelly  with  acids. 
It  consists  of  46  silica,  28  lime,  14.5  alumina, 
3  oxide  of  inn,  (L5  solphate  of  lime,  and  2 
vuer,  aeeording  to  Klaprodi.  But  by  a  later 
and  most  interesting  research  of  MM.  Clo- 
meot  and  Desormcs,  Uupis  laiuli  appean  to  be 
composed  of  34  siUca,  33  alumina,  3  sulphur, 
iBd  22  soda.  (Ann.  de  Chimie,  torn.  67.) 
In  this  analysis,  however,  a  loss  of  eight  per 
cent,  was  experienced.  These  distinguished 
chemiits  conaider  die  above  ingredients  essen- 
tia], sad  the  2.4  of  lime  and  1.5  of  inn,  wUdi 


they  have  oocikslonaDy  met  with,  as  acddcolal. 
It  is  from  asure  stone  that  the  beautlAil  and 
undiangeable  blue  cdour  ultramarine  is  pre- 
pared. The  finest  spedmens  are  bsought 
from  CMna,  Persia,  and  Great  Bndiaria. 
They  are  made  red-hot  hi  the  fire,  and  thrown 
into  water  to  render  them  easily  pulverizableu 
They  are  then  reduced  to  a  fine  powder,  and 
inthnatdy  combined  with  a  varnish,  fanned 
of  lesin,  wax,  and  boiled  linseed  oil.  This 
pasty  mixture  is  put  into  a  linen  doth,  and 
repeatedly  kneaded  with  hot  water:  the  first 
water,  which  is  usually  dirty,  is  thrown  away ; 
the  second  gives  a  blue  of  the  first  quality ; 
and  the  third  yiddB  one  of  less  value.  The 
process  is  founded  on  the  property  wfaidi  the 
colouring  matter  of  asure-stone  baa  of  adhering 
leas  firmly  to  the  resinous  cement  than  the 
fbr^n  matter  with  which  it  is  associated. 

Wnen  asure  stone  has  its  colour  dtered  by 
a  moderate  heat,  it  is  reckoned  bod.  MM. 
Clement  and  Desormes  consider  the  extraction 
of  ultramarine  as  a  spedes  of  saponification. 

AZURITE,  or  PRISMATIC  AZURE 
SPAR,  the  I^AZULITB  of  Werner  and 
Haiiy.  This  minerd  is  often  found  in  oblique 
quadrangular  crystals  of  a  fine  blue  cdour. 
It  is  tranducent  only  on  the  edges,  brittle,  and 
nearly  as  hard  as  quarts.  When  massive,  it 
is  either  in  grahis,  or  bits  like  a  hasd  nut.  It 
ooeurs  imbedded  in  mica  date.  Its  lustre  is 
vltzeous.  Its  constituents  are  66  dumina,  18 
miqpiesia,  10  silica,  2.5  oxide  of  iron,  2  lime. 
It  occurs  in  Vorau  in  Stiria,  in  a  gsngue  of 
o  uartz ;  but  the  finest  spedmens  come  from 
Uio  bishopric  of  Sdsburg. 


B 


BABINGTONITE.  A  new  ndnenO, 
IB  small  bflDiant  crystals,  associated  with 
deavlandite*  flesh-coloured  fdraar,  and  gieen 
amphibole,  on  a  specimen  from  Arffidd. 
M.  Levy  la  Amub  ofPML  vii.  275. 

BAIKALITE.     See  T&smolitk  As- 

lESTlFOEM. 

BALANCE.  The  begfaming  and  end  of 
evetf  exact  dicmicd  process  consists  ni  weigh- 
ing. With  imperfect  instruments  this  opera- 
tioo  will  bo  tedkna  and  niaccorate;  but  with 
ft  9»d  bakiice,  the  result  will  be  satisfactory ; 
■d  mnch  dme,  which  is  so  predoos  in  ex- 
perimcntal  lesnnrdies,  will  be  saved. 

Tbe  balance  is  a  lever,  the  axis  of  motion 
ddncfa  is  finrned  with  an  edge  like  that  of  a 
kdfe;  and  the  two  dishes  at  its  extremities 
■ckangnpoB  edges  of  the  same  kind.  These 
dges  are  mat  made  sharp,  and  then  rounded 
viik  a  ifaie  hone,  or  a  piece  of  buff  leadwr. 
The  eicdlenee  of  tiie  instrmneDt  depends*  in 
ftgicat  measore,  on  die  regular  fonn  of  this 
iomded  pat.    When  the  lever  is  conddered 


as  a  mere  line,  the  two  outer  edges  are  called 
pobits  of  suspensioo,  and  the  inner  the  ful- 
crum. The  points  of  suspennon  are  supposed 
to  be  at  equd  distances  from  the  fulcrum, 
and  to  he  pressed  with  equd  wdghts  when 
loaded. 

1.  If  die  fulcrum  be  placed  in  the  centre  of 
gravity  of  the  beam,  and  the  three  edges  lie  dl 
in  the  same  right  line,  the  balance  will  have 
no  tendency  to  one  porition  more  than  another, 
but  will  rest  in  any  podtion  it  mvr  be  placed 
in,  whether  the  scdes  be  on  or  off,  empty  or 


2.  If  the  ecntre  of  sravity  of  the  beam,  when 
levd,  be  immediate^  above  the  fulcrum,  it 
will  overset  by  the  smallest  action ;  that  in,  tho 
end  which  is  lowest  will  deseend :  anditwiU 
do  this  with  more  swiftness,  the  higher  tfie 
centre  of  gravity,  and  the  less  the  points  of 
suspension  are  loaded. 

3.  Bntif  the  centre  of  gravity  of  the  beam 
be  immediately  bdow  the  fulcram,  the  beam 
wiU  not  rest  in  any  position  but  when  kvd; 


BAL 


194 


BAL 


and,  if  diaUirbed  ffom  this  positioo,  and  tben 
left  at  liberty,  it  will  vibrate,  and  at  last  oome 
to  test  on  the  level.  Its  vibrations  will  be 
Quicker,  and  its  horiaontal  tendency  stronger, 
the  lower  the  centre  of  gravity,  and  the  less 
the  weiffhts  upon  the  points  of  suspention. 

4.  If  the  fulaum  be  below  the  line  joining 
he  points  of  suspension,  and  these  be  loaded, 
the  beam  will  ovei^set,  unless  prevented  by  the 
weight  of  the  beam  tending  to  produce  a  hori- 
sontal  position,  as  in  §  3.  In  this  last  case, 
small  weights  will  equilibrate,  as  in  §  3. ;  a 
certain  exact  weight  will  rest  in  any  position 
of  the  beam,  as  in  §  1.;  and  all  greater 
weights  will  cause  the  besm  to  overset,  as 
in  §  2-  Many  scales  are  often  made  this 
way,  and  will  overset  with  any  considerable 
loa^ 

6.  If  the  ftikruin  be  above  the  line  joining 
the  points  of  suspension,  the  beam  will  oome 
to  the  horizontal  position,  unless  prevented  by 
its  own  weight,  as  in  §  2.  If  the  oentre  of 
gravity  of  the  beam  be  nearly  in  the  fulcrum, 
all  the  vibrations  of  the  loaded  beam  wiU  be 
made  in  times  nearly  equal,*unless  the  wei^ts 
be  very  small,  when  they  will  be  slower. 
The  vibrations  of  balances  are  quicker,  and 
the  horiaontal  tendency  stronger,  the  higher 
the  fulcrum. 

6.  If  the  arms  of  a  balance  be  nneqnal,  the 
weights  in  equipoise  will  be  unequu  in  the 
same  proportion.  It  is  a  severe  check  upon  a 
workman  to  keep  the  anns  equal,  while  he  is 
msking  the  other  adjustments  in  a  strong  and 
inflexible  beam. 

7*  Theequality  of  theaimsofahalanoeis 
of  use,  in  scientific  pursuits,  chiefly  in  making 
weights  bv  bisection.  A  balance  with  unequal 
aims  will  weigh  as  accurately  as  another  of 
the  same  workmanship  with  equal  arms,  pro- 
vided  the  standard  wdght  itself  be  first  ooun. 
terpdsed,  then  uken  out  of  the  scale,  end  the 
thing  to  be  weighed  be  put  into  the  sosle  and 
adjusted  against  the  counterpoise;  or  when 
proportionid  quantities  only  are  considered,  as 
in  diemicsl  and  in  other  philosophical  experi. 
ments,  the  bodies  and  products  under  exami- 
nation  may  be  weighed  against  the  weights, 
taking  care  always  to  put  the  weights  into  the 
same  scale.  Fw  then,  though  tlie  bodies  may 
not  be  really  equal  to  the  weights,  yet  their 
proportions  among  each  other  may  be  the  same 
as  if  they  had  hm  accurately  so. 

a  But  though  the  equality  of  the  arms  may 
be  well  dispensed  with,  yet  it  is  indispensably 
necessary  that  their  relative  lengths,  whatever 
they  may  be,  should  continue  invariable.  For 
this  purpose,  it  is  necesssxy,  either  that  the 
three  edges  be  all  truly  parallel,  or  that  the 
points  of  suspension  and  support  should  be 
always  in  the  same  part  of  the  edge.  This 
last  requisite  is  the  most  easily  obtained. 

The  balances  made  in  London  are  usoaQy 
oonstmcted  in  such  amanner,  that  the  bearing 
parts  form  notches  in  the  other  parts  of  the 


sdgeit  MthAt  the  sesles  being  set  to  vibmc, 
all  the  parte  natursUy  fiUl  into  the  same  besr- 
ing.  The  balances  made  in  the  country  have 
the  fulcrum  edge  atnight,  and  oooflned  to  ok 
constant  bearing  by  two  side  fHaJbet.  But  the 
points  of  suspension  are  referred  to  notches  in 
the  edges,  like  the  London  balaDces.  The 
balances  here  mentioned,  whidi  come  ftom  the 
country,  are  enclosed  in  a  small  iron  ji4)anned 
box ;  and  are  to  be  met  with  at  BirmingfasRi 
and  Sheffield  warehouses,  though  less  fre- 
quently than  some  years  ago;  beouae  s 
pocket  contrivance  for  weighing  guineas  end 
oalf-guineas  has  got  possession  of  the  market 
They  are,  in  genoal,  well  made  and  adjusted, 
turn  with  the  twentieth  of  a  grain  when  empty, 
and  will  sensibly  show  the  tenth  of  a  gnio, 
with  an  ounce  in  each  scale.  Their  price  is 
from  five  shillings  to  half  a  guinea;  but  Umk 
which  are  under  seven  shillings  have  not  dieir 
edges  hardefied,  and  oonseqncntlj  sie  sot 
durable.  This  may  be  ascertained  by  Uk 
purchaser,  by  passing  the  point  of  a  penknifr 
across  the  smell  piece  whioi  goes  tiirougfa  one 
of  the  end  boxes :  if  it  makes  any  mark  cr 
unpressian,  the  part  b  soft. 

9.  If  a  beam  be  adjusted  so  as  to  have  no 
tendency  to  any  one  poaitioo,  aa  in  §  1.  and 
the  scales  be  equally  loaded  <  then,  if  a  smsll 
weight  be  added  in  one  of  die  acaks,  tiHt 
bafamoe  will  turn,  and  the  point!  of  auspensioB 
will  move  with  an  aoeelenKtod  noocion,  ainiilsr 
to  that  of  falling  bodiesb  but  as  madi  slower, 
in  propordon,  very  neatly,  as  the  added  weig^ 
is  less  than  the  whole  weij^t  borne  by  the 
fulcrum. 

IOl  The  stronger  the  tendency  to  a  hoci. 
sontal  posidOD  in  any  balance,  or  the  quicker 
ito  vibrations,  §  §  3.  6.  the  greater  additional 
wei^t  will  be  required  to  csuse  it  to  turn,  or 
inclme  to  any  given  anglfr  No  balance, 
therefore,  can  turn  so  qidck  as  the  motion 
deduced  in  §  9.  Sudi  s  balance  aa  is  jthen 
described,  if  it  were  to  turn  with  the  ten- 
thousandth  part  of  the  weight,  would  motve  at 
quickest  ten  thousand  times  slower  than  iUling 
bodies ;  tliat  is,  the  dish  oontaiahig  the  wdght, 
instead  of  falHi^  throogh  sixteen  leet  in  a 
second  of  time,  would  fidl  through  only  two 
hundred  parts  of  an  inch,  and  it  would  require 
four  seconds  to  move  thmogh  oniMliiid  part 
of  an  inch ;  consequently  all  acenrats  wof^&ng 
mustbesbw.  If  die  mdUses  of  two  balances 
be  of  equal  leogdis,  that  index  whSeh  te  eon- 
Jiected  with  the  shorter  balance  will  move 
proportionally  quicker  than  the  other.  Long 
beams  are  die  OMSt  in  request,  because  they 
are  thought  to  have  less  fUetioo:  tfaia  b 
doubtful;  but  the  quicker  anoular  mudoa, 
greater  strength,  and  less  weight  of  a  alioct 
balance,  are  certainly  advantageSi 

11.  Very  delicate  balanees  are  not  only 
useAil  in  i\iee  ej^Mriments,  but  ate  Ukewiae 
nmch  noon  expedtlMNiB  than  othcn  in  eoiniBQB 
weighing.    If  a  pair  of  sedes  with  a  eertain 
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li»d  be  bweif  fHttlUe  to  one-Untfa  of  a  gi««, 
it  will  nquire  a  considerable  time  to  as^rtaiA 
die  wdglit  to  that  degcee  of  aocuncy,  beoMiae 
die  tun  mutt  be  obtcrved  aevetal  times  oTcr^ 
and  is  very  small.  B^t  if  no  greatocaonuBCT 
vtxe  required,  and  scales  were  used  wbica 
would  turn  with  the  bundredth  of  a  grain,  a 
ttnth  of  <Mp*>>^  °><^  V  lev»  would  niake  so 
great  a  difierence  in  die  turn,  tbat  it  would  b« 
ssdi  inomediately. 

12.  If  a  bidanoe  be  found  to  turn  widi  i^ 
certain  addidon,  and  is  not  moved  by  any 


dooi  l^y  dividing  tbat  number,  and  making 
the  weights  ^mu  to  as  many  q£  the  ri^gs  as 
the  quotient  of,  the  division  denotes.  Then, 
if  750  of  the  rings  amounted  to  a  grain,  and 
it  were  required  to  divide  the  grain  decimally, 
downwards»9-10ths  would  be  equalto675rings, 
a-lOths  would  be  equal  to  600  rings,  l-lOths 
to  525  rings,  &c.  Small  weUhts  may  be 
made  of  t];iin  leaf  brass.  Jew^ers*  foil  is  a 
good  material  for  weights  below  1-lOth  of  a 
grain,  as  low  as  to  1-ToOth  of  a  grain ;  and 
all  lower  quantities  may  be  either  estimated 


mailer  weight,  a  greater  sensibility  may  be  by  the  position  of  the  index,  or  shown  by 

gtvcc  to  that  balance,  by  produdng  a  tremu-  actually  copnting  the  ring^  of  wire^  the  value 

Lus  motion  in  its  parts.    Thus,  if  the  edge  o^  of  wfaioi  has  beoi  determined, 
a  Uunt  saw,  a  me,  or  other  similar  instzu-        17«  In  philosophical  experiments,  it  will 

ment,  be  dmwn  alon^^  any  pait  of  the  case  or  be  found  veiy  convenient  to  admit  no  more 

sopport  of  a  balance,  it  wfll  produce  a  jarring,  than  one!  dimension  o£  weight.    The  grain  is 

wiikhwiU  diminish  die  friction  on  die  moving  of  that  magnitude;  as  to  deserve  the  pr^erence. 


With  regamuo  the  number  of  weights  die  che- 
mists ought  to  be  provided  with,  writers  have 
di^Tered  according  to  their  habits  and  views. 
Mathemaddans  have  computed  the  least  pos- 
sible number,  with  which  all  weights  within 
cenain  limits  might  be  ascertained;  but  their 
detcnninadoo  is  of  litde  use.  Because,  with 
so  small  a  number,  it  nuist  often  happen,  that 
the  scales  will  be  heavily  loaded  widi  weights 
on  cadi  side,  put  in  with  a  view  only  to  deter- 
nine  the  diflersnee  between  them.  It  is  not 
the  l6«t  possible  number  of  weights  which  it 
is  necessary  an  operator  should  buy  to  efi^ 
his  purpose,  that  we  oug^t  to  inquire  after,  but 
the  moat  convenient  number  for  ascertaining 
prodnie  an  enial  turn  i^  be  in  i^roportioQ  to    his  inquiries  with  accuracy  and  expedition. 


parta  so  modi,  that  the  turn  will  be  evident 
with  ooei^uid  or  one-fourth  of  the  addidon 
that  would  dw  have  been  required.  In  this 
way,  a  beam  wliich  would  baidy  turn  by  the 
addition  of  one-tenth  of  a  grain,  will  turn  with 
one^thiitieth  or  fortieth  of  i^  grain. 

13.  A  tadaaoe,  the  hoiisontal  tendency  of 
whidh  depends  ei^  on  its  own  wdght,  aa  in 
S  3b  win  tun  with  die  same  additton,  what- 
Cfer  nay  ke  die  load;  except  so  far  as  a 
gnals  load  win  psoduee  a  greater  friction. 

1^  B«t  a  balMwe,  the  boriaontal  tendency 
ef  which  depends  only  on  the  devation  of  the 
inlcran,  aa  in  §  6^  will  be  less  sennb^e  the 
r  th^  load  ;  and  the  addition  requisite  to 


aiek)^itael£ 

15.  In  order  to  nguhte  the  hcriaontal  ten- 
dea<7  in  some  besms,  d)0  fhlen^m  is  plaeed 
bdow  the  pomts  of  suspension,  aa  in  §  4.  and 
a  sliding  pea^t  is  put  upon  the  cpck  or  ipdex, 
by  mesos  of  which  die  centre  of  gravity  may 
be  raised  or  depressed.  This  la  an  useful  con^* 
tdvanee. 

1&  WcigM»  «n  made  by  a  subdiviskm  of 
a  naadarf  wdght.  If  the  weight  b^  coi|tinu- 
ally  halved,  it  wiUnoauoe  die  common  pile, 
widch  is  die  smallest  number  for  wdgfaing 
betwem  Its  extremes,  without  placing  any 
v«%lit  in  the  scsle  widi  the  body  under  e^a- 
Oraniilated  lad  ia  a  very  conve- 


The  enor  of  adjustment  is  the  least  possible, 
when  only  one  weight  is  in  the  scale;  thatii,  a 
sinjgle  wdght  of  five  grains  is  twice  as  llkdy  to 
be  tme,  as  two  weighty  one  of  three,  and  the 
odier  of  ^0  grains,  put  into  the  dish  to  supply 
the  phu:e  of  the  single  five ;  because  each  of 
these  last  has  its  own  probability  of  eiror  in 
adjustmient.  But  smce  it  is  as  inconsistent 
with  Goovenienoe  to  provide  a  single  wdght, 
aa  it  would  be  to  have  a  single  character  for 
every  number  \  and  as  we  have  nine  characters, 
which  we  uie  in  rotation,  to  express  higher 
values  aooordiog  to  their  position,  it  will  be 
found  very  serviceable  to  make  the  set  of 
wdghu  correspond  widi  our  numerical  system. 


snbatance  to  be  used  hi  dds  operadon  of    Thu  directs  us  to  die  set  of  wdghts  as  follows: 
.^..1.  ^ :_  X af^..    mu.     1^)00  p^g^  900  g.  800  g.  700  g.  600  g.  500g. 

400g.  300g.  200g.  lOOg.  90g.80g.  70g. 

OOg.  50g.  40g.  30g.  20 g.  lOg.  9g.  8g. 


helving,  ^faidi,1i0wpver,  is  voT  tedious.  The 
aadiest  way  to  snbdivide  small  wc^ts  eon- 
sirta  1^  vfiglhing  a  certain  qnandty  of  small 
wire,  and  aliierirsrd  cutlinc  it  into  siich  parts, 
by  mcasae,  aa  are  doSbei :  ot  die  wire  may 
be  wi^iped  dose  loimd  two  pins,  and  then  cut 
aondfr  widi  a  fadie.  By  this  ipeans  it  will 
be  divided  into  a  greft  number  of  equal  lengths, 
«r  small  iinga*  The  wire  oo^t  to  be  so  thin, 
as  dial  one  of  these  rings  may  bvely  produce 
a  soDsiUe  efibet  on  the.  beam.  If  any  quan- 
dty  (aa,  for  example,  ^  grain)  of  t^Me  rings 
be  wd^ied,  and  the  number  then  reckoned, 
the  grsin  may  be  fubdivided  in  any  propor- 


7g.  6g.  5g..4g.  3i.  2g.'lg.  *rg.  Ag. 
A8*  Afr  Afr  Afr 


'.*  Widi  tlSe  me  pSo- 


A«-  A«-  Ag-  _ 

Sl^ftxM'  Wr^'th-eie^thenMl. 
sopter  wiU.  always  have  the  same  number  of 
weights  in  his  scales  as  there  are  figures  in  the 
number  expressipg  the  weights  in  grains. 

Thus  742.6  grains  will  be  weighed  by  the 
wdghts  700,  40,  2,  and  5.l0ths. 

A  balance  (made  by  Ramaden,  and  turning 
on  points  instead  of  edges)  in  the  possession 

o  2 


BAL 


196 


BAL 


of  Dr.  George  Fordyce,  is  mentioned  in  the 
seventy-fifth  volume  of  the  Philosophical 
Transactions.  With  a  load  of  four  or  five 
ounces,  a  difference  of  one  division  in  the  in- 
dex  was  made  by  y^  of  a  gram.  This  is 
n^lff^  part  of  the  weight,  and  consequently 
tnis  beam  win  ascertain  such  weights  to  five 
places  of  figures,  beside  an  estimate  figure. 

The  Royal  Society*s  balance,  wmch  was 
lately  made  by  Ramsden,  turns  on  steel  edges, 
upon  planes  of  polished  crystal.  It  is  said  to 
ascertain  a  weight  to  the  seven-millionth  part, 
and  it  may  be  used  in  general  practice  to  de- 
tennine  weights  to  five  places  and  better. 

From  this  account  of  balances,  the  student 
may  form  a  proper  estimate  of  the  value  of 
Uiose  tables  of  specific  gravities,  which  are 
carried  to  five,  six,  and  even  seven  places  of 
figures,  and  likewise  of  the  theoretical  deduc- 
tions in  chemistry,  that  depend  on  a  supposed 
accuracy  in  weighing,  which  practice  does  not 
authorise.  In  generid,  where  weights  are  given 
to  five  places  of  figures,  the  last  figure  is  an  es- 
timate, or  guess  figure ;  and  where  they  are 
carried  farther,  it  may  be  taken  for  granted, 
that  the  author  deceives  either  intentionally, 
or  from  want  of  skill  in  reducing  his  weights 
to  fractional  expressions,  or  otherwise. 


The  most  exact  standard  weights  were  pro. 
cored,  by  means  of  the  ambassadors  of  France, 
resident  in  various  places ;  and  these  were  com- 
pared  by  Mons.  Tillet  with  tlie  standard  mark 
in  the  pile  preserved  in  the  Conr  de  Monnoies 
de  Paris.  His  experiments  were  made  with  an 
exact  balance  made  to  weigh  one  marc,  and 
sensible  to  one  quarter  of  a  grain.  Now,  as 
the  marc  contains  18432  quarter  grains,  it  fol- 
lows  that  this  balance  was  a  good  one,  and 
would  exhibit  proportions  to  four  places,  and 
a  guess  figure.  The  results  are  contained  in 
the  following  table,  extracted  from  Mons.  Til- 
let's  excellent  paper  in  the  Memoirs  of  the 
Royal  Academy  ofSdenoes  for  the  year  1767- 
I  have  added  the  two  last  columns,  which 
show  the  number  of  Frendi  and  English  grains 
contained  in  the  compound  quantities  against 
which  they  stand.  The  English  orains  are 
computed  to  one-tenth  of  a  gram,  although  the 
accuracy  of  weighmg  came  no  nearer  than  about 
two-tenths. 

The  weights  of  the  kilogramme,  gramme,  de- 
cigramme^  and  centigramme,  which  are  now 
ir^uently  occurring  in  the  French  chemical 
writers,  are  added  at  the  bottom  of  this  table 
according  to  their  respective  values. 


Table  of  the  Weights  of  different  Countries. 


Place,  and  Denomination  of  Weights. 

Berlin.    The  mare  of  16  loths, 
Berne.     Goldsmiths*  weight  of  8  ounces, 
.  Berne.     Pound  of  16  ounces  for  merchan- 
dise,          

The^  common  pound  varies  very  consider- 
ably in  other  towns  of  the  canton. 
Berne.    Apothecaries'  weight  of  8  ounces, 

Bonn, 

Brussels.     The  marc,   or  origmal  troyes 

wdght, 

Cologn.    The  marc  of  16  loths, 
Constanthiople.  The  cheki,  or  100  drachms, 
Copenhagen.  Goldsmiths' weight  commonly 

supposed  equal  to  the  marc  of  Cologn, 
Copenhagen.  Merdiants' weight  of  16  loths, 
Dantzic  weight ;  commonly  supposed  equal 

to  the  marc  of  Cologn, 
Florence.    The  pound  (anciently  used  by 

the  Romans),    .... 
Genoa.    The  peso  sotile^ 
.  Genoa.     The  pNcso  grosso,  . 
Hamburgh  weight;    commonly   supposed 

equal  to  the  Cologn  marc, 
Hamburgh.  Another  weight, 
Jiiege.    The  Brussels  marc  used ;  but  the 

weight  proved,  .        •        • 

lisbon*    The  maic,  or  half  pound,  . 
London.    The  pound  troy, 
London.    The  pound  avdrdupoia,    • 
Lucca.    The  pound, 
Madrid.    The  marc  royal  of  Castile, 


Marc. 


OS. 

7 


gnini. 

16 
4 


26 
6 

21 
11 
28 


H 

m 

1 

t£^ 

5 

3* 

4 

20 
30 

3 

6 

6 

7* 

7 

23 

.... 

24 

ii 

34 

1 

el 

6 

M 

23 

4 

H 

F- grains. 

4408 
4648 

9834 


4454 
4398f 

4629 
4403 
6004 

44:m 

4702^ 

4395^ 

6392 
6970 
5981 


4559 

4632 

4318 

7021 

8538 

6359^ 

4328 


E.  grains. 

3616.3 
3813-2 

8067-7 


3654. 

36086 

37976 
3612.2 
4925.6 

3641.2 
38579 

3606. 

6  44. 

4897-7 
4906.7 

3C09.4 
3740.2 

380O.1 

3542.4 

6760. 

7004.5 

6217. 

3650.7 
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PlMe  and  DoiomliiatioD  of  Wdghto. 

Malta.     The  pound, 

Aluhdm.     (Tbe  Cologa  nuvc,) 

MUan.    The  maze, 

Milan.     The  libra  fpoesa, 

Munich.     (The  Cologn  nuux,) 

Naples.    IliepcHind  of  12  ounces,    . 

BatiaboD.     The  weight  for  gold  of  128 

crowns, 

The  wqght  for  ducats.-  of  64 
dncaUSy  .        .        .        , 

The  marc  of  8  ounces,  . 
The  pound  of  16  ounces, 
Aomew  The  pound  of  12  ounces,  . 
Stnrkholtn.  The  pound  of  2  marcs, 
Stnttgaid.  (The  Cologn  maic,) 
Tnnn.     The  marc  of  8  ounces, 

At  Toxin  they  have  also  a  pound  of  12  of 
the  above  ounces.    But,  in  their  apo» 
theesries'  pound  of  12  ounces,  the 
ounce  is  one-sixth  lighter. 
yVmnaw.    The  pound,    .... 
Venice.     The  fibia  grossa  of  12  ounces,     . 
Vemcc^     The  peso  eottile  of  12  ounces,      . 
Id  the  bounds  dependent  on  Venice,  the 
pound  differs  considerably  in  each. 
Vknna.     The  maic  of  commerce, 
Vienna.     The  marc  of  money, 

The  grain,      .... 
The  grain,        .... 
The  kHogramme, 
The  sramme. 
The  decigramme, 
The      -^ 


England. 
Fiance. 


Bfans.4 
1   I 

> 

1 


OS.    I  frot. 


r. 


21 

10 

a^ 

n  I 

24 

32 

24 

6 
14 

8 
III 
22^ 


12 

25J 

24 


35 


5061 
4402 
4425 
14304^ 
4403| 
6039 

^088 

4208 


10698 
6386 
8000 
44031 
4C30| 


7644 
8989J 
5676 


6272 

5282 

0.82039 

1. 

18827.16 

18.827 

18827 

.18827 


E  grains. 

4890.4 
3611.6 
3660.2 

11784. 
3612.3 

•4954.3 

6635.3 

3452.3 

3800.1 

8776.6 

5239. 

6563.1 

3612.6 

3799. 


6271. 

7374.5 

4656L5 


4325. 
1433.3 
1. 

1.21895 

15445.5 

15.445 

1.5445 

.15445 


Sse  Table  of  Wkiohtb  and  Measuazs  in  the  Appendix. 


Tbe  commissioocrs  aqspointed  by  the  Bri- 
tish Government  for  coosidering  the  subject 
of  wdghts  sod  measures,  gave  in  their  first 
icpm  on  the  24th  June,  1819.  The  follow, 
ii^  is  the  subsunce  of  it. 

'*  1.  l^tfa  respect  to  the  actual  magnitude 
of  the  standards  of  length,  the  commissioners 
we  of  opinion,  that  there  is  no  sufficient  rea- 
son Ibr  altering  those  generally  employed,  as 
there  is  no  practical  advantage  in  having  a 
quantity  commensurable  to  any  original  quan- 
%  existing,  or  whidi  may  be  imagined  to 
airt,  in  nature,  except  as  affi>rding  some  little 
ONoanigeaient  to  its  common  adoption  by 
Beighbcmring  nations. 

*'  2.  The  subdivisions  of  weights  and  mea- 
nns  at  present  employed  in  this  oountiy 
*ppnr  to  be  fiir  more  convenient  for  practice 
puposes  than  the  decimal  scale.  The  power 
of  esprenniK  a  third,  a  fourth,  and  a  sixth  ef 
*(bo(iirin£es,  without  a  ftaction,  is  a  ne- 
caliar  advantage  in  the  duodednoal  scale; 
Bid  fijr  the  operation  of  weighing  and  of  mea- 
ttriog  capacities,  the  continual  division  by 
^»o  RRdcTB  it  practicable  to  make  up  any 
given  (jaaotity  with  tlie  snuillest  possible  num- 


ber of  weights  and  measures,  and  is  far  pieferp 
able  in  this  respect  to  any  decimal  scale. 
The  commissioners  therefore  recommend,  that 
all  the  multiples  and  subdivisions  of  the 
standard  to  be  adopted  should  retain  the  same 
relative  proportions  to  each  other  as  are  at 
present  in  general  use. 

<'  3.  That  the  standard  yard  should  be  that 
employed  by  General  Roy  m  the  measure, 
ment  of  a  base  on  Hounslow  Heath,  as  a 
foundation  of  the  great  trigonometrical  survey. 

*•*'  4-  l*hat  in  case  this  standard  should  be 
lost  or  impaired,  it  shall  be  dedared  that  the 
length  of  a  pendulum,  vibrating  seconds  of 
mean  solar  time  in  London,  on  the  level  of 
the  sea,  and  in  a  vacuum,  is  39.1372  inches 
of  die  standard  scale,  and  that  the  length  of 
the  French  metre,  as  the  lO-mUlionth  part  of 
the  quadiantal  arc  of  the  meridian,  has  been 
found  equal  to  39-3694  inches. 

"  5.  That  10  ounces  troy,  or  4800  grains, 
should  be  dedared  equal  to  the  weight  of  10 
cubic  inches  of  distilled  water,  at  the  tempe- 
rataie  of  50",  and  that  one  pound  avoirdupois 
must  contain  7OOO  of  these  grains. 

^  6.  That  the  standard  ale  and  com  gal. 
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Ion  should  omtain  exactly  ten  {Kniods  avoir- 
dupoifl  of  distilled  water  at  02^  Fahr.  being 
nearly  equal  to  277-3  cubic  incfaefl,  and  agree- 
ing with  the  standard  pint  in  the  Exchequer, 
wMch  is  found  to  contain  exactly  20  ounces 
of  water.  The  customary  ale  gallon  contams 
282  cubic  inches,  and  the  Wfnchester  c5fn 
gallon  269,  or  according  to  other  statutes  2^2^ 
cubic  inches;  so  that  no  inconyenience  can 
possibly  be  fdt  from  the  introdUctioA  of  a  new 
gallon  of  277.3  inches.  The  commiBsioners 
nave  not  decided  upon  the  propriety  of  abo- 
lishing entirely  the  use  of  the  wine  gallon.'* 

The  following  simple  relations  of  weight 
and  measure  were  suggested  by  Dr.  WolUis- 


too,  in  his  examlmtioD  bcAM  die  c 

and  they  have  been  adopted  in  the  ntkmal 

system  :— 

*'*'  There  is  one  standtud  of  cqiidty  tfast 
would  be  ffartieuJafly  advantageooa,  because 
it  would  bear  simple  proportions  to  the  mea* 
sures  now  in  use,  so^  ihat  oneof  tb^  great 
inoonveniendes  arising  tiom  cbanse  cf  the 
standard  would  be  ob^ftted,  by  the  acOity  of 
making  many  necessary  eompntalionB  withoat 
reference  to  tables. 

**'  If  the  gtfllon  measute  be  defined  to  be 
that  which  oontuns  lOlbs.  of  water  at  96}* 
F. ;  then,  since  the  cubic  fo<n  of  1 
1000  oz.  at  56|«, 


ipint  =18oz.  =      y^ 

Pint     =  20  oz.  =      34.66  cubic  foot  =  17.28  uicfaes. 

Bushel  =  80  lb.  =  221 1.84  inches. 

And  tlw  simple  proportions  above  alluded  to  wiH  be  found  as  follows : 


CuUc  Inehca. 


The  gallon  of  10  lb.  =    276.48  X 

Also,  =    27^48  X 

The  pint  of  1^  lb.  =      34.66  x 

Bushel  of  80  lb.  =2211.84  X 

A  ^linder  of  18)  in  diam.  x 

Ditto  18|  X 


^  =    282.01 
1$  =r    230.40 


103.68 


it  =  2160.40 


:  220&93 


aoi06 


2821 
231 

1034Stiilg.  jug. 
2l6a42  M^Dch.  I 
Approxiinate  bosh. 
221.1841       ■     " 


*^  The  following  mode  of  defining  the  standards  of  length,  weight,  and  capacity,  is 
submitted  to  the  oonimittee  on  wdghta  and  iheasuies,  as  the  most  distinct  answer  to  their 
inquiries  :»— 

One  yard  of  36  inches,  \  ^  iofdo^''  *  penduhim  of  3ai3  inches,  vibiates  seconds  in 

Avoir.  <  *""*  10^         \u  such,  that  one  cubic  foot  of  water  at  66j',  weighs  1000  oz. 

"^oy,    I  ^S^eo^gSdli^^  \  "  ^^  ***  7000  gnuns  =  1  pound  (avoirdupois}. 

On*  <»ii/«n    Af  ft  ntnf  ^  *^y  ^  ""^  *"  ^  contain  10  pounds  of  distiOed  water  at  the 
One  gallon,  of  8  pints,  ^      temperature  of  66i»  Fahr.  witbgieat  convenience.*' 


The  cubic  inch  of  distilled  water  at  62«, 
weighed  in  air  under  the  common  drcum- 
stanoes  with  brass  weights,  is  equal  ta  262.456 
English  grains;  and  the  cubic  decimeter,  or 
actual  standard  chiliognunme  b  equal  to 
16433  English  grains.  See  Appendix, 
Table  ix. 

Captain  Kater  has  lately  made  a  small  cor- 
rection on  his  first  determination  of  the  length 
of  the  pendulum  vibrating  seconds  in  the  lati. 
tude  of  London.  Instead  of  39. 13860  inches, 
as  eiven  in  the  PhiL  Trans,  for  18l8p  he  has 
made  it  39.13929  inches  of  Sir  Geo.  Shuck. 
burgh*s  standard  scale.  Mr.  Watts,  in  the 
5th  number  of  the  Edinburgh  Philosophical 
Journal,  makes  it  =  39.138666  of  the  above 
acale,  or  =  39.1372405  of  General  Roy'4 
scale,  at  CapUin  Eatei*s  temperature  of  62^ 
Fahx.  and  0.9941  of  a  metre. 

BALAS,  or  BALAIS  RUBY.  See 
SpikellE' 


BALLOON.  Receifen  of  a  spherical 
form  are  called  balloons. 

BALLOON.    See  Aeeostatica. 

BALSAAfS,  are  vegetable  juices,  either 
liquid,  or  which  spontaneously  beeome  con- 
crete, consisting  of  a  substance  of  a  resinous 
nature,  combined  with  benzoic  add,  or  wludi 
are  capable  of  affiyrdmg  benzoic  add,  hj  bemg 
heated  alone,  or  with  water.  They  are  mso- 
luUe  in  water,  but  readily  dissolve  in  alcohol 
and  ether.  The  liquid  balsams  are  copaivs, 
opo-balsam,  Peru,  styrax.  Tolu ;  Uie  concrete 
are  benzoin,  dragon's  blood,  and  storax; 
which  see. 

BALSAM  OF  SULPHUR.  A  solution 
of  sulphur  in  oQ. 

BALDWIN'S  PHOSPHORUS.  Ig- 
nited niuate  of  lime. 

BARIUM.  The  metallic  basis  of  the 
earth  barytes  has  been  called  barium  by  its 
discoverer,  Sir  H.  Davy.     Take  pure  barytesi 
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uafeic  iBioaiiMtewhhwatat,  and  put  this 
on  ft  pbfie  of  platinum.  Hake  a  cavi^  in  the 
middle  of  the  barytea,  into  which  a  globule  of 
VMronr  u  to  be  pb«ed.  Touch  the  globule 
with  the  negative  wire,  and  the  platinum  with 
the  poaitive  wire  of  a  Tottaie  battery  of  about 
10&  poan  of  platea  in  good  action.  In  a  short 
time  an  amalgam  will  be  formed,  oonsistiog  of 
mevniiy  and  barium.  This  amalgam  mast 
be  itiiraduttd  into  a  tittle  bent  tub^  made  of 
glaaa  fm  ftom  ]c«d,  sealed  at  one  end,  whidi 
bcjo^  flDed  with  the  fvpoar  of  naphtha,  is 
tim  to  be  hermeticany  sealed  at  the  other  end. 
Bmt,  tnoac  be  i^iplied  to  the  reennred  end  of 
die  tube,  where  the  amalgam  lies.  The  mer. 
cory  wiD  disti]  over,  while  the  barium  will 


This  metal  is  of  a  dark  grey  coloar,  with  a 

Inatre  inferior  to  that  of  cast-iion.     It  is  fa. 

sibk  at  a  ted  heat    Its  density  is  superior  to 

that  of  snlphitiic  add ;  for  though  surrounded 

with  globidfli  of  gas,  it  shiks  immediately  in 

that  liquid.    When  exposed  to  air,  it  instantly 

beeomes  eo«ered  with  a  ehist  of  barytes;  and 

when  gently  heated  in  air,  bums  with  a  deep 

red  ligbt.    It  effervesces  violently  m  water, 

eoaverdngthis  liquid  into  a  solution  of  barytes. 

Sb  H.  I>avy  thinks  it  probable  that  barium 

may  bepvoaired  by  chemical  as  well  as  elec 

trical  deeompoaitkML    When  chloride  of  ba. 

ifom,  or  even  the  dry  earth,  ignited  to  white- 

Bess,  is  ezpoeed  to  the  vapour  of  potassium,  a 

daA  grey  substance  is  found  diffixsed  through 

die  buytea  or  the  chloride,  not  volatile,  which 

dkntaea  coploosly  in  water,  and  possesses  a 

mctaUie  appearance,  which  disappears  in  the 

air.  The  potaasium,  by  being  thus  transmitted, 

is  eenverted  into  potash.    From  indirect  ex- 

pcrfanents  Sur  H.  Davy  was  mcTined  to  con. 

tidcr  biiytes  as  composed  of  89.7  barium  -f- 

IM  oiygen  r=  100.    This  would  make  the 

pime  equivalent  of  barium  8.7,  and  that  of 

avytes  9.7,  compared  to  that  of  oxygen  1.0 ; 

a  deienidiiatiott  nearly  exact.    Dr.  Clarke  of 

Oaaibiidge,  by  exposing  dry  nitrate  of  barytes 

A  chaicoal,  to  tiie  intense  heat  of  4he  con« 

daoaed  hydroxygen  fiamty  observed  metallic 

Mtfng  globuks  in  the  midst  of  the  boUing 

Add,  and  the  chaitoal  was  found  to  be  studded 

over  with  innamerable  globules  of  the  most 

biiUiBnt  bistre  and  whiteness.     On  letting 

these  globulea  fidl  from  the  charcoal  into 

water,  hydiogen  was  evolved  in  a  continued 

tfieani.    \Vhm  the  gbbules  are  plunged  in 

asphcha,  they  retain  their  briUiancy  but  for  a 

wvdaya. 

Barium  combines  with  oxygen  in  two  pro- 
ptttions,  Ibrmhig,  1st,  barytes,  and  2d,  the 
dnioxide  of  barium. 

Pnn  barytes  is  best  obtained  by  igniting,  in 
aeovoed  crucible,  the  pure  crystallized  nitrate 
of  barytes.  It  is  procured  in  the  state  of 
bydiate,  by  adding  caustic  potash  or  soda  to  a 
nlation  of  the  muriate  or  nitrate.  And 
barytes,  slightly  coloured  with  charcoal,  may 
be  obtainod  by  strongly  igniting  the  carbonate 


and  charcoal  mixed  together  in  fine  powder 
Barytes  obtained  from  the  ignited  nitrate  is  of 
a  wnitifih-grey  colour;  more  caustic  than  stron. 
tftes,  or  perhaps  even  lime.  It  renders  the 
syrup  of  violet.*  green,  and  the  infusion  of 
turmeric  red.  Its  specific  gmvity  by  Four- 
croy  is  4.  When  water  in  small  (quantity  is 
poured  on  the  dry  earth,  it  slakes  hke  quick- 
lime, but  perhaps  with  evolution  of  more  heaL 
When  swallowed  it  acts  as  a  violent  poison. 
It  is  destitute  of  smell. 

When  pure  barytes  is  exposed,  in  a  porce- 
lain  tube,  at  a  heat  verging  on  ignition,  to  a 
stream  of  dry  oxygen  gas,  it  absorbs  the  gas 
rapidly,  and  passes  to  the  state  of  deutoxide  of 
barium.  But  when  it  is  calcined  in  contact 
with  atmospheric  air,  we  obtain  at  first  this 
deutoxide  and  carbonate  of  barytes ;  the  for. 
mer  of  which  passes  very  slowly  into  Uie 
latter,  by  absorption  of  carbonic  acid  from  the 
atmosphere. 

The  deutoxide  of  barium  is  of  a  greenish, 
grey  colour,  it  is  caustic,  renders  the  syrup  of 
violets  green,  and  is  not  decomposable  by  heat 
or  light.  The  voltaic  pile  reduces  it.  £x. 
posed  at  a  moderate  heat  to  carbonic  acid,  it 
absorbs  it,  emitting  oxygen,  and  becoming 
carbonate  of  barytes.  The  deutoxide  is  pro- 
bably decomposed  by  sulphuretted  hydrogen 
at  ordinary  temperatures.  Aided  by  heat, 
almost  all  combustible  bodies,  as  well  as  many 
metals,  decompose  it.  The  action  of  hydrogen 
is  accompanied  with  remarkable  phenomena. 
At  about  3920  F.  the  absorption  of  this  gas 
oominenoes;  but  at  a  heat  approaching  to 
redness  it  is  exceedingly  rapid,  attended  with 
luminous  jets  proceeding  from  the  surface  of 
the  deutoxide.  Although  much  water  be 
formed,  none  of  it  appears  on  the  sides  of  the 
vesseL  It  is  all  retained  in  combhiation  with 
the  protoxide,  which  in  consequence  becomes 
a  hydrate,  and  thus  acquires  the  property  of 
fusing  easOy.  By  heating  a  certain  quantity 
of  bames  with  an  excess  of  oxygen  in  a  small 
curved  tube  standing  over  mercury,  M.  The- 
nard  ascertained,  that  in  the  deutoxide  the 
quantity  of  the  oxygen  is  the  double  of  that 
in  the  protoxide.  Hence  the  former  will  con. 
sist  of  a76  barium  +  2  oxygen  =  10-75  for 
its  prime  equivalent.  From  the  facility  with 
which  the  protoxide  passes  into  the  deutoxide, 
we  may  conceive  that  the  former  may  fre- 
quently contain  a  proportion  of  the  latter,  to 
which  cause  may  be  ascribed  in  some  degjree 
the  discrepancies  among  chemists,  in  estimating 
the  equivalent  of  barytes. 

Water  at  60*  F.  dissolves  one-twentieth  of 
its  weight  of  barytes,  and  at  212o  about  one. 
half  of  its  weight;  though  M.  Thenard,  in  a 
Uble,  has  stated  it  at  only  one-tenth.  As  the 
solution  cools,  hexagonal  prisms,  terminated 
at  each  extremity  with  a  four-sided  pyramidi 
form.  These  crystals  are  often  attached  to 
one  another,  so  as  to  imitate  the  leaves  of  fern. 
Sometimes  they  are  dcpo<»ited  in  cubes.  They 
contain  about  53  iw  cent,  of  water,  or  20 
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prime  praportioDt.  The  luperostant  Hquid  is 
huyXa  water,  it  is  ooloorless,  acrid,  and  caus- 
tic. It  acts  powerfully  on  the  vegetable 
purples  and  yeltowa.  Exposed  to  the  air,  it 
attmeta  carbonic  add,  and  the  dissolved  ba. 
rytes  is  converted  into  carbonate,  which  Calls 
down  in  insc^uble  crusts.  It  appears  from  the 
czperimenU  of  M.  BcrthoUet,  that  heat  almie 
cannot  deprive  the  crystalltzed  hydrate  of  its 
water.  After  exposure  to  a  red  heat,  when  it 
foses  like  potash,  a  proportion  of  water  remains 
io  combination.    This  quantity  is  a  prime 

equivalent  =  1.125,  to  9.75  of  barytes. 

Toe  ignited  hydrate  is  a  solid  of  a  whitish- 
grey  colour,  caustic,  and  very  dense.  It  fuses 
'  at  a  beat  a  little  under  a  cherry-red ;  is  fixed 
in  the  fire ;  attracts,  but  slowly,  carbonic  acid 
from  the  atmosphere.  Ic  yields  carburetted 
hydnm  and  carbonate  of  barrtes  when 
beated  akmg  with  charcoal,  provided  this  be 
not  in  excess. 

Sulphur  combines  with  barium,  when  barytes 
and  sulphur  are  heated  together  in  a  crucible. 
Tlie  same  compound  in  more  economically 
obtained  by  igmtiog  a  mixture  of  sulphate  o£ 
barytes  and  charcoal  in  fine  powder.  This 
sulphuret  is  of  a  reddish-yellow  colour,  and 
when  dry  without  smelL  When  this  sub- 
stance  is  put  into  hot  water,  a  powerful  action 
is  manifested.  The  water  is  decomposed,  and 
two  new  products  are  formed,  namely,  hydro- 
sulphuret,  and  hydrogurctted  sulphuret  of 
banrtes.  The  first  crystallises  as  the  liquid 
cools,  the  second  remains  dissolved.  The  hy- 
drosulphuret  Is  a  compound  of  9.75  of  barytes 
with  2.125  sulphuretted  hydrogen.  Its  crys- 
tals should  be  quickly  separated  by  filtration, 
and  dried  by  pressure  between  the  folds  of 
porous  paper.  They  are  white  scales,  have  a 
silky  lustre,  are  soluble  in  water,  and  yield  a 
solution  having  a  greenish  tinge.  Its  taste  is 
acrid,  i^ulphurous,  and  when  mixed  with  the 
hydroguretted  sulphuret,  eminently  corro- 
sive; It  rapidly  attracts  oxygen  from  the  at- 
mosphere, and  is  converted  into  the  sulpliate 
of  barytes.  The  hydroguretted  sulphuret  is 
a  compound  of  9.75  barytes  with  4.125  bisul. 
phuretted  hvdrogen:  but  contaminated  with 
sulphite  and  hyposulphite  in  unknown  pro- 
portions. The  dry  sulphuret  consists  pro- 
bably of  2  sulphur  +  8.75  barium.  The 
readiest  way  of  obtaining  baiytes  water  is  to 
boil  the  solution  of  the  sulphuret  with  deutox- 
ide  of  copper,  which  seizes  the  sulphur,  while 
the  hydrogen  flies  off,  and  the  barytes  remains 
dissolved. 

Phosphuret  of  barytes  may  be  easily  formed 
by  exposing  the  constituents  together  to  heat 
in  a  glass  tube.  Thebr  reciprocal  action  is  so 
intense  as  to  cause  ignition.  Like  phosphuret 
of  lime,  it  decomposes  water,  and  causes  the 
disengagement  of  phosphuretted  hvdrogen  gas, 
which  sDontaneously  inflames  with  contact  of 
air.  When  sulphur  is  made  to  act  on  the 
deutoxidc  of  baiytes,  sulphuric  acid  is  formed, 


wUdiamtctt0  a  portba  «£.  the  cwth  iBlo  • 

sabhate. 

The  salu  of  barytes  are  white,  wad  mose  or 
less  transparent.  All  the  soluble  — Iphatw 
cause  in  the  soluble  salts  of  barytas  a  preci- 
pitate insohible  in  nitric  add.  They  am  mXl 
poisonous  except  the  sulphate ;  and  hence  the 
proper  counter-poison  is  dilute  sulpluuic  tad 
for  the  carbonate,  and  sulphate  of  aoda  fiir  the 
soluble  salts  o£  barytes.  An  aoooimt  baa  beea 
given  of  the  most  useful  of  these  salts  uodsr 
the  respective  adds.  What  icmaina  of  mj 
eonsequenoe  wiU  be  found  io  the  tabk  of  Saiai. 
Foe  some  interesting  facts  on  the  deaMBposstioQ 
of  the  sulphate  and  carbonate,  tee  Att&ao 
TIC  y .  When  the  object  is  merely  to  procuie 
barytes  or  the  sulphuret,  fonn  tha  powdcrcd 
carbonate  or  sulphate  into  a  paste  with  lamp 
Uack  and  coal  tar,  and  subject  to  atrang 
ignition  in  a  covered  crudble.  Aa  baryteaaad 
strontites  are  occasionally  assodtpd,  it  be- 
comes an  important  problem  to  separate  these 
two  earths,  wludi  M.  Bnselius  operateaon  the 
following  prindple.  Fluate  of  silica  and  barvtes 
predpitates  in  crystals  almost  insdable.  The 
fluate  of  silica  and  strontites  is  very  aolubfe  m 
excess  of  the  fluo-silidc  add.  The  msztaieaf 
the  two  esrths  is  to  be  dissolved  m  muriatic  or 
acetic  add,  then  solution  of  fluo-silidc  acid  ia 
to  be  poured  in,  the  barytes  will  precipUaSe, 
and  its  wddit  is  to  be  detenooined  by  ttiai  of 
the  predpitate.  A  very  small  qoanti^  of 
sulphuric  add  bein^  added  to  the  aolutioo 
throws  down  from  it  the  small  quantity  of 
barytes  that  may  remain,  without  acting  on  the 
strontites.  The  liquid  is  to  be  filtered,  eva- 
porated to  dryness,  snd  the  residuum  deoom* 
posed  by  sulphuric  acid.  The  fluate  of  ailioa 
and  barytes  is  made  by  dissolvrag  bnTtes  in 
aqueous  fluo-silidc  add,  till  the  oeutial  poini 
be  attained.  100  parts  of  the  dry  salt  affixd, 
by  ignition,  62.25  of  fluate  of  bsrytes;  while 
37.75  of  silicated  fluoric  add  flies  off;  100 
paru  of  tlie  same  salt  decomposed  by  solphuric 
add  afford  82.9U3  of  su&bate  of  barylea. 
Hence,  M.  Benelius  states  its  oompotttioo  at 
3  atoms  of  fluate  of  barytes,  and  2  atoms  of 
fluate  of  silica.  Ami,  dc  Chim.  et  de  Pk^fu 
zxvii  295.    See  Salt. 

BAKBADOKS  TAR.  See  Petroli VM- 

BABILLA,  or  BARILLOR.  The  teraa 
given  in  commerce  to  the  impure  aoda  ibi. 
ported  from  Spahi  and  the  Levant.  It  is  made 
by  burning  to  ashes  dilieieot  plants  that  grow 
on  the  seskshore,  chiefly  of  the  genus  saCala, 
and  is  brought  to  us  in  hard  porous  masses,  of 
a  speckled  brown  colour. 

Kelp,  a  still  more  impure  alkali  made  in  thie 
country  by  burning  various  sea  weeds,  is 
sometimes  called  BHOA  hariUa. 

BAROLITE.    Carbonate  of  baiytaa. 

B ARRAS.  The  resinous  incrustation  on 
the  wounds  made  in  fir  trees.  It  is  alsocaUed 
galipot 

BARYSTRONTIANITB,  or  STROM. 
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NITE.  A  uiMRd  fiNmd  in  iDMaM  ofa  gieylth 
while  eoloar  flxtemally,  yeUowish  wWbi  and 
wmUt  iluDiiig  intamUy.  Tzanslaoent  on 
the  edges;  Initde  and  soft,  sp.  gnv.  3.701 
Sfionrnoea  with  adds,  but  does  not  mdt 
befon  the  bknrpipei  It  is  composed  of  ear- 
booace  of  straniian  6841 ;  sulphate  of  baiytts 
87-5  ;  oavbonateof  fime2.6;  oxide  of  iron  0.1; 
loss  1.2.  Dr.  TrmUL  It  is  found  in  Tenia, 
•r  nther  nests,  aeeompsnied  by  galena,  at 
ttoomness  in  Orkney. 

BARYTE.    8eeHBATrSpAa. 

BABYTBS.    SeeBAKiVM. 

BARTTOXAIiCITE.  A  mineral  found 
h  Camberiaod,  ei  a  slightly  ydloirlah  brown 
tinge,  ftanalncait,  with  a  waxy  lustre,  and 
tf.  gfwv.  S.6ff.  It  contains  cavities  which  are 
luaed  with  crrstals  in  oblique  rhombic  prisms. 
The  eztttmd  sniihoe  is  ooated  with  sulphate 
of  baiytes.  It  consists,  by  Mr.  Children's 
analysia,  of  sbcut  2  parts,  by  weight,  of 
mrbonaiff  of  barytea,  and  1  of  carbonate  of 
lime,  wUefa  is  a  prime  equivalent  of  each. 
Brooke,  jton.  ofPML  N.  8.  viii  114. 

BASALT.  Occurs  hi  amorphous  masses, 
colnnmsE,  amygdahndal,  and  vesicular.  Its 
ooliMiis  SR  gveykhoUack,  ash-grey,  and  nven- 
black.  Massive.  Dull  lustre.  Granular 
stnadaie.  Raiture  uneven  or  oondioidaL 
Concretions  ;  columnar,  globular,  or  tabular. 
It  is  opaque,  yidds  to  the  knife,  butnoteasily 
fiaigibie.  Screak  lig^t  ash-grey.  Sp.  navity  3. 
Mdts  into  a  blackglaas.  It  is  found  in  beds 
and  veins  in  granite  and  mica  date,  the  old 
nd  ssndslone,  limestone,  and  coal  fonnations. 
It  is  distiibnted  over  the  whole  world;  but 
nowliae  is  met  with  in  greater  variety  than  in 
Scedand.  The  Gcnnan  basalt  is  supposed  to 
be  a  watery  depoatt;  and  that  of  France  to  be 
of  vakanie  Qii|^ 

The  most  remarkable  is  the  columnar  ba- 
■aiiea,  which  fonns  immensemasses,  composed 
of  cpMimns  tuitijr,  forty,  or  mors  feet  m  height, 
»d  of  cnonnous  thickness.  Nay,  those  at 
Fairheadaie  two  bandied  snd  fifty  feet  high. 
These  ooDstitnte  some  of  the  most  astonishing 
scenes  in  nature,  for  the  immensity  and  regu- 
larity of  fhdr  parts.  The  coast  of  Antrim  hi 
Irehmd,  for  the  space  of  three  miles  in  length, 
ahifaiia  a  very  magnificent  variety  of  columnar 
diflTs:  and  the  Oiant's  Causeway  consists  of  a 
point  of  that  coast  foimed  of  similar  columns, 
ud  psoieeting  into  the  sea  upon  a  descent  for 
Mvenl  hundred  feet  These  columns  are,  for 
^  mm,  part,  hexagonal,  and  fit  very  accu- 
wdy  ti^gMher  \  but  most  frequently  not  ad-^ 
komt  to  cadi  other,  thou^  water  cannot* 
peoemMo  between  diein.  £aA  the  basaltic 
appesranees  on  tile  Hebrides  Isbnds  on  the 
coait  of  Scotland,  as  described  by  Sir  Joseph 
Baaka,  who  visited  them  hi  1772,  are  upon 
s  Male  very  striking  fbr  Aeir  vasmess  and 
variety. 

An  extensive  field  of  inquiry  is  here  offered 
to  the  goslogicBl  philoso|)her,  in  his  attempts 


to  asoertohi  the  altentkns  to  which  the  ^obe 
has  been  subjected.  The  inqufaies  m  the 
chemist  equally  co-operate  in  these  researches, 
and  tend  likewise  to  show  to  what  useful  pur- 
poses thb  and  other  substsnces  may  be  applied, 
bergmann  found  that  the  component  parts  of 
various  spedmena  of  basaltes  were,  at  a  m^ 
dium,  52  parts  silex,  16  alumina,  8  carbonate 
of  liine,  and  26  iron.  The  diiFennoes  seem, 
however,  to  be  considerable ;  for  Fsnjss  deSt. 
Fond  gives  these  proportions  s  46  sikz,  30 
alumina,  10  lime,  6  msgnesia,  and  8  iran.  The 
amorphoua  basaltes,  Imown  by  the  name  of 
rowl^  rag,  the  fernlite  of  Kirwan,  of  the  spe* 
dfic  gravity  of  2.748,  sfibrded  Dr.  Witfaeihig 
47.6  of  silex,  32.6  of  alumina,  and  20  of  iron* 
at  a  very  low  degree  of  oxidation  probaUy, 
Dr.  Kennedy,  in  his  analysis  of  the  basaltes  of 
StafB^  gives  the  following  as  its  component 
parts :  silex  48,  alumina  18,  oxide  of  iron  18, 
lime  9,  soda  4,  muriatic  ackl  1,  water  and 
volatile  porta  6.  Kliqwoth  gives  fbr  the  analysis 
of  the  prismatic  basaltes  of  Hasenbeig :  silex 
44.6,  alumina  16.76,  oxide  of  iron  20,  lime 
9.6,  magnesia  2.26,  oxide  of  manganese  0.12, . 
sods  2.60,  water  2.  On  a  subsequent  analysis, 
with  a  view  to  detect  the  existence  of  muriatic 
add,  he  found  sli^^t  hidications  of  it,  but  it 
was  in  an  extremdy  minute  proportion. 

Sir  James  Hall  and  Mr.  Gregory  Watt  have 
both  proved,  by  wdl  conducted  experiments, 
that  basslt,  when  Aised  into  a  perfect  glass, 
will  resume,  the  stony  structure  by  dow  cool, 
ing;  and  hence  have  endeavoured  to  show, 
that  the  earthy  structure  sfibrds  no  argument 
against  the  igneous  fionnation  of  basdt  in  the 
terrestrisl  gl<£e. 

Basaltes,  when  caldned  and  pulverised,  is 
said  to  be  a  good  substitute  fbr  pussolana  in 
the  compodtion  of  mortar,  giving  it  the  pro- 
perty of  hardening  under  water.  Wfaie  bottles 
have  likewise  been  manu&ctured  with  it;  but 
there  appears  to  be  some  nicety  requisite  in  the 
management  to  ensure  success. 

BASALTIC  HORNBLENDE.  ItusuaDy 
occun  in  opaque  dx-sidcd  single  crystals,  which 
sometimes  act  on  the  magnetic  needle.  It  is 
imbedded  in  basalt  or  wacke.  Colour  vdvet- 
Uack.  Lustre  vitreous.  Scratches  gUss.  Sp. 
gr.  8.26.  Fuses  with  difficulty  into  a  bkck 
glass.  It  oonsisU  of  47  silica,  26  alumina, 
8  lime,  2  magnesia,  16  iron,  and 0.6  water.  It 
is  found  in  the  basalt  of  Ardiur*s  Scat,  in  that 
of  Fifedure,  and  in  the  Isles  of  Mull,  Canna, 
Eigg,  and  Sky.  It  is  found  slso  in  thebssdtic 
and  floets  trap  rocks  of  England,  Irdand, 
Saxony,  Bohemia,  Silesia,  Bavaria,  Hungary, 
Spain,  Italy,  and  France. 
BASANITE.  See  Flinty  Slate. 
BASE  or  BASIS.  A  cbemicd  term  usudly 
applied  to  alkalis,  esrths,  and  metallic  oxides, 
in  their  relatious  to  the  adds  and  salts.  It  is 
sometimes  also  applisd  to  the  particular  con- 
stituents of  an  add  or  oxide,  on  the  auppodtkm 
that  the  substance  combined  with  the  oxygen, 
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A«.  it  tlw  bMii  of  the  oompound  to  whieh  it 
oirwiti|Mrticaltf<{tta]itiM.  Thii  nirtion  leems 
vaphilosophial,  m  these  qnalitiea  depend  as 
much  on  the  state  ot'  combination  as  on  the 
natitie  of  the  oonstituent. 

BAS60RINE.  This  substance  iseztnurted 
Ann  the  gum  Ksmi  wtadti  contain  it,  by 
tieatmg  then  succMdYdy  vith  water,  akofa^, 
and  ethsB.  Baasorine  bdng  insoluble  in  these 
liqaida,  fenains  mixed  merely  with  the  woody 
partides,  from  which  it  is  easy  to  sepanfee  it, 
by  lepoBied  washings  and  decanottions;  ho- 
cause  one  «f  its  chancteriatk  properties  is  to 
■well  estremdy  in  the  water  and  to  become 

S  buoyant.  This  substaDoe  swells  up  in 
as  well  as  boiUngWAter,  without  any  of 
its  pails  disBolTing.  It  is  soluble  however 
almost  completely  by  the  aid  of  heat,  in  water 
dMgpcaed  widi  nitric  or  munatic  acid.  If  after 
conoentiadng  with  a  geotk  heat  the  nittic 
solution,  we  add  highly  rectified  alcohid,  there 
lesolts  a  white  pieeipitate,  flocculent  and  bulky, 
which,  washed  with  much  alcohol  and  dried, 
does  not  form,  «t  the  utmost,  the  tenth  of  the 
quantity  of  basMrifie  employed,  and  which 
presents  all  the  ptopertieB  of  gum-arabic  Fait- 
qnelm,  BuUethi  d^  Pharmaeie,  iii.  60. 

BATH.  The  heat  communicated  ftom 
bodies  hi  combustion  must  neoessaiily  miy 
according  to  dicnmstances ;  and  this  f  ariation 
not  only  influences  the  resolto  of  operations, 
but  in  manj  instances  endangers  the  vesseh, 
especially  if  Uiey  be  made  ofglass.  Among 
the  seversl  methods  of  obtiating  this  incon- 
▼enience,  one  of  the  moat  usual  consists  in 
interposing  a  quantity  of  sand,  or  othermatter, 
between  the  fire  and  the  Tessel  intended  to  be 
heated.  Tlie  sand  bath  and  the  water  bath  are 
roost  conmionly  used ;  the  latter  of  which  was 
called  Bahieum  Mari«  by  the  dder  chemisbw 
A  bath  of  steam  may,  in  some  instanees,  be 
found  pnferable  to  the  water  bath.  Some 
diemists  have  proposed  baths  of  melted  lead, 
of  tin,  and  of  other  fusible  substances.  Tbait 
may  pediaps  be  found  advantageous  iii  a 
lew  peculiar  operations,  in  which  the  inteOi* 
geot  operator  must  mdoed  be  left  to  hia  own 
Mgodty. 

A  oonaideeably  greater  heat  may  be  given  to 
the  water  bath  by  dtnolving  various  salts  in  it. 
Thus  a  saturated  solution  of  oomihon  sidt 
boils  at  22fto.d.  or  13».3  Fahr.  above  the 
boiling  point  of  water.  By  using  ftdution 
of  muriate  of  lime,  a  bath  of  any  tempe. 
ratun  ftom  812*  to  269«  nuiy  be  conveniently 


out.  In  burning  it  spnilcia  a  litdo,  oving  to 
Its  aaueoua  hon^iity.  Its  sp.  gmv.  is  1.371* 
Alcohol  dissolves  about  three-fifths  of  bdel- 
lium, leaving  a  mixtnxe  of  gum  and  censin. 
Its  constituents,  according  to  Pelletier,  are  69 
resin,  9.2  gam,  30.6  ceraain,  1.2  volatile  oil 
and  loss. 

BEAN.  Theseedoftherieia  Aite,anaaU 
caonlent  bean,  which  becomes  UaclE  as  it  ripens, 
haa  been  analyzed  by  Efaiholf:  Hefaand3840 
parts  to  consist  of  600  volatile  matter,  386 
skins,  610fifarous  starchy  matter,  13l2saBch, 
417  vegeto-animal  matter,  31  albnmen,  136 
extractive,  solnbla  in  alcohol,  177  gummy 
matter,  37i  earthy  phosphate,  132^  bsi. 
Fourcroy  uid  VauqaeUn  firand  its  nemcnted 
ashes  to  contain  the  phosphates  of  Ifane,  msg. 
nesia,  potaah,  and  iron,  with  mneomfained 
potash.  They  found  no  sugar  in  tMi  besD. 
kidney  beans,  the  seeds  of  Sie  rhiuealuf  xml- 
gurity  yielded  to  Einholf  288  sicina,  426  fibions 
starchy  matter,  1380  starch,  199  ve^HD-mmd 
matter,  not  quite  free  ftom  atardi,  131  ei- 
tracdve,  62  albumen,  with  some  vegeto-aninsl 
matter,  744  mucilage,  and  21  loss  in  3840. 

BEE.  The  venom  of  the  bee,  according  Q> 
Fontana,  bears  a  dose  resemblanee  to  dist  of 
the  viper.  It  is  contained  in  a  small  vcside, 
and  has  a  hot  and  acrid  taate,  like  that  of  the 


BD  BLLI UM.  A  gum  resin,  supposed  to 
be  of  Aftican  origin.  The  best  bdellium  is  of  a 
yellowish-brown,  or  dark-brown  dolour,  ac- 
eonUng  to  its  age;  unctuous  to  the  touch, 
brittle,  but  soon  softiening,  and  growing  tough 
hetwixtthe  fingers;  in  some  degree  transparent, 
not  unlike  mynh ;  of  a  bittonsh  taste,  and  a 
moderately  strong  smeU.  It  does  not  easily 
take  fiame,  and,  when  set  on  fire,  aooo  goes 


BEER  is  the  wine  of  grain.  Mak  is 
usually  made  of  bariey.  The  grain  is  sbeped 
finr  two  or  three  days  in  water,  until  it  swols, 
becomes  Bomewiuit  tender,  and  tingts  the  water 
of  a  bright  reddish-brown  colour.  The  water 
being  then  drained  away,  the  bailey  is  spread 
about  two  feet  tliick  upon  a  floor,  where  it 
heati  spontaneously,  and  begins  to  grow,  by 
first  shooting  out  the  radide  In  mis  state 
the  germination  b  stopped  by  spreading  It 
thinnier,  and  turning  it  over  for  two  days; 
after  which  it  is  again  made  into  a  heap,  and 
sufibed  to  become  sensibly  hot,  which  usually 
happens  m  litUe  more  tfisB  a  day.  Lastly,  it 
is  conreyed  to  die  kiln,  where,  by  a  mdud 
and  low  heat,  it  is  rendered  dry  and  crisp. 
This  is  malt ;  and  its  qualities  differ  accord- 
log  as  it  is  more  or  less  soaked,  drained,  ge- 
minated, difed,  and  baked.  In  this,  as  in 
other  manufoctories,  the  intelligent  operators 
often  make  a  mystery  of  their  proceseei  ironi 
views  of  profit;  and  othen  pretend  to  pecolisr 
secrets  who  really  possess  none. 

Indian  com,  and  f^bably  all  large  grain, 
requures  to  be  sufierkl  to  grow  into  the  blade, 
as  well  as  root,  before  it  is  fit  to  be  made  into 
malt.  For  this  purpose  it  is  buried  about 
two  or  three  inches  deep  in  the  ground,  and 
covered  with  loose  earth ;  and  m  tenor  twelve 
days  it  springs  up.  In  this  stAte  it  is  taken 
up  and  washed,  or  fanned,  to  dear  it  from  its 
dbt ;  and  then  dried  in  the  kiln  for  qsp. 

Barley,  by  being  converted  into  malt,  be- 
comes one-fifth  lifter,  or  20  per  cent. ;  V2 
of  which  are  owing  to  kiln  drying,  1.5  SR 
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die  xoott,  and  0«6 


The  degree  of  heit  to  which  the  mah  i| 
expoecd  in  tlds  loooen,  gradnallf  cheoga  its 
eolouT  from  Tery  pele  to  actual  blackneae,  aa 
it  aimply  drifca  it,  or  cooferti  it  tOthattoaL 

The  eoiow  of  the  mah  not  ool^  affeoli  the 
eolonr  of  the  liquor  bieved  ftom  it,  bat,  in 
eoDacqacDce  oft&e  riiwnical  operation^  of  the 
heat  applied,  em  die  prindplei  that  are  d»> 
in  die  grain  during  the  prooen  of 
!  quaUtj  of  ■ 


'  altos  the  < 


the 


beer,  especially  with  Msaid  to  the  piopenica 

<tf  Iwiimting  m  fivdriiikiBg  and  growing  finoi 

Beer  is  made  from  malt  prerioiisly  ground^ 

or  cottopseoeslnramflL    This  is  placed  in 

a  tun,  or  tub'  wilb  a  fidse  bottsm ;  hot  water 

is  pouiBd  «poB  it,  and  Iba  wiiole  stiRed  abeut 

with  u  pBoptt  iostrament.    The  temtaatme 

of  the  water  k  lUs  opentioD,  called  Masfamg:} 

nmat  not  he  eqoal  to  hoiliDg ;  for,  in  that 

caae^  the  aBJi  would  he  oooTerted  into  a  paslei 

iiam  niiidi  the  impiegxikled  water  could  not  be 

sfpawtad.    This  is  calied  Settmg.    Afterthe 

iarasioB  Ima  icnained  nir  some  tfnte  upon  th^ 

nait,  it  ia  drawn  tdS^  and  is  then  disiingutdied 

by  the  nsune  of  Sweet  Wort.    Byooeormoee 

mbiequent  infosions  of  water,  a  qnandty  of 

weaker  wort  is  made,  which  is  either  added  to 

Ak  ibevgmng,  or  kept  apart,  abcordmg  to  the 

hNentaon  of  the  operator.    The  wort  is  thett 

bided  with  hope,  #Uch  give  it  an  aiomatie 

biMew  taate,  and  sse  supposed  to  lender  it  less 

hsble  to  be  spoiled  in  haoifaig ;  after  which 

it  ia  eoeied  in  sliaQow  Tesseb,  and  suflfered  to 

ieODent,  with  die  addition  of  n  proper  qoan- 

tity  of  yeast.     The  ftnncnted  liquor  is  beer  | 

nd  diAn  grcady  in  its  quality,  according  to 

die  natoe  of  the  giain,  die  malting,  the  maahi 

ieg,  tlie  quandty  and  kind  of  the  hops  and 

die  yeast,  dio  purity  or  admixtures  of  the 

'  i  use  of,  the  tempemtuse  and  -vlcii> 

I  of  the  weadicr,  &c. 

idicTaiiouB  qualitieB  of  malt  liquors 

of  a  snnikr  kind,  dien  i*e  certain  leadinfl 

ftatmssby  whidi  diey  are  distmeuished,  ana 

sbsssd  under  difeent  names,  and  to  produce 

whicfa,  difeent  modee  of  management  nnlat 

be  punned.    The  principal  di^ctions  are 

isto  beer,  properly  lO  osUed;  ale;  table  or 

■nan  beer ;  and  porter,  wliidi  is  commonly 

termed  Imct  in  Londoo.    Beer  is  a  siiong^ 

dne,  and  tldn  liquor;  the'gireater  part  of  the 

nmcilage  having  Dcsn  separated  by  boiling  the 

nott  hmger  than  for  ak,  and  carrying  the  low 

■enlation  fiuther,  so  as  to  eooTcrt  the  saoeha. 

line  matter  into  akohoL    Ale  ia  of  a  more 

■mpy  ctesistence,  sod  sweeter  taste ;  more  of 

the  HMiini^ii  being  lotsined  in  it»  and  the for^t 

mentation  not  having  been  carried  so  for  as  to 

deeompoee  tXL  the  suffer,     dmall  beer,  as  its 

name  rniplio,  is  a  UrcsJier  liquor;  and  is  made 

chher  by  adding  a  large  portion  of  water  to 

the  mslt,  or  by  mashing  with  a  fresh  quantity 


of  wnlsc  what  is  left  after  die  basroralewnrt 
is  drawn  oC    Ptartsr  waa  probably  made  ori. 
gioaUy  ihmi  very  hi|^  dried  malt ;  but  it  is 
faid,  that  its  peculiar  .flatonr  cannot  he  im-  , 
parted  by  malt  and  hops  alone* 

Mr.  Brande  obtained  the  foOowiuff  qnan* 
dtiee  of  alooliol  from  lOd  partr  of  diimnt 
speeieeofbeen.  Burton  ale^  8.68,  Edmboig^ 
ale,  6.2,  I>ordieeter  ak,  5.66;  the  average 
behig  =  6.87.  Bsown  stout,  6.8,  London 
porter  (aveiage)  4.2,  London  email  beer  (ave- 
rage) 1.28. 

As  leng  ago  as  the  reign  of  Queen  Anne^ 
brewers  were  forbid  to  mix  sugar,  honey^ 
Guinea  pepper,  eeacntiabina,  oaccuhm  hidibkis, 
or  any  ether  unwimlesQme  ingndient,  in  beer^ 
nnder  a  efertain  .penalty ;  fooira  wliich  we  may 
hrfer,  diat  such  at  least  was  die  practice  of 
some;  and  writers,  who pvofoes  to  discuss  die 
seereU  of  the  trade,  mentian  most  of  dieses,  and 
ectne  odier  artidea,  as  eeeendslly  neoeeeary. 
The  essentia bihaia  sugar  boiled  down  toadsn 
colour,  and  empyicnsiade  flavour.  Brooni 
tope,  wormwood,  and  other  bitter  phmta,  wcae 
foimeriy  used  to  render  beer  fit  for  keeping, 
befoitehops  were  introduoed  into  thiscountoy ) 
but  are  now  prohibited  to  be  used  in  beer  made 
for  sale. 

By  thepreaent  law  of  this  country,  nothing 
is  allowed  to  enter  mto  the  coropoeithm  of 
beer,  except  mslt  and  hope.  Quassia  and 
wormwood  are  often  fraudulently  introduced  | 
ht>th  of  whicfa  are  easily  discoverable  by  dieir 
nauseous  bitter  taste.  They  form  abeer  wiudi 
does  not  preserve  so  wcU  as  hop  beer.  SuU 
phata  of  iron,  alum,  and  salt,  are  often  added 
by  die  publicans,  under  tlie  name  of  hetr* 
headings  to  impart  a  froddng  property  to  beer, 
when  it  is  pound  out  of  one  vessel  into  another. 
M<dassee  and  eictiact  of  gentian  root  are  added 
with  die  same  view.  Craaicum,  giaina  of 
paradise,  ginger  not,  coriander  eeed,  and 
orsnge  pesi,  are  also  employed  to  give  pun^ 
flency  ind  flavour  to  weak  or  bad  beer.  The 
ftdlowuig  is  alist  of  some  of  die  unlawM  sub« 
wtancps  sfciaed  at  dinerent  breweries,  and 
brswers*  druggists*  laboratories,  in  London^ 
as  copied  from  die  minutes  of  die  committee 
oftheHaose  of  Commons.  Coceulus  indicos 
muhum  fan  extract  of  the  coceulus),  odouimgi 
honey,  hartshom  shavings,  Spanish  juice^ 
orange  powder,  ginger,  grains  of  paia<Bm 
quania,  liquorice,  caraway  seeds,  coppers^ 
oqiaisum,  mixed  drog^  Sulphuric  acid  is 
very  frequendy  added  to  hring  beer  ftrwardf 
or  make  it  hard,  giving  new  beer  instandy  the 
taste  of  what  is  18months old.  According  to 
Mr.  Aceum,  the  present  entire  beer  of  the 
London  brewer  is  composed  of  all  the  waste 
and  spoiled  beer  of  the  publicans,  the  bottoms 
of  butts,  the  leavfaigs  of  the  pots,  the  drippmgs 
of  the  maehmes  tor  drawing  the  beer,  the 
lemnants  of  beer  diat  lay  in  the  leaden  pip^ 
of  the  brewery,  with  a  portion  of  brown  stout, 
bottling  beer,  and  mild  beer.    He  says  that 
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opmiiif  iWHtccOy  mix  TomicAy  uid  cxtivcC  of 
poppiei,  have  been  likewise  uaed  to  adultente 
beer.  For  an  aoeount  of  the  poisaixms  qua. 
lities  of  the  coceuliuindicuSf  tee  PicaOTOXi  a  ; 
and  fiir  those  of  nuz  romica,  see  Strtchkia. 
By  eraporatiDg  a  portion  of  beer  to  diyness, 
and  ignitbg  the  rendaum-  with  chlorate  of 
potaaii,  the  iron  of  the  copperas  will  be  pro- 
ciued  hi  an  insoluble  oodde.  Muriate  of  ba. 
ijrtcs  will  throw  down  an  abundant  precipitate 
ftom  beer  contaminati^  with  sulpnuric  add 
or  copperas;  which  precipitate  may  be  col- 
lected^  dried,  and  ignited:  It  will  be  insoluble 
in  nitric  add. 

Beer  appears  to  have  been  of  ancient  use^ 
as  Tadtus  mentions  it  among  the  Gennans, 
and  has  been  usually  supposed  to  have  been 
peculiar  to  the  northern  natidns:  but  the 
andent  Egyptians,  whose  country  was  not 
adapted  to  the  culture  of  the  grape,  had  also 
oontrived  this  substitute  for  wine;  and  Mr. 
Park  has  found  the  art  of  making  malt,  and 
brewing  ftom  it  very  good  bed",  among  the 
negroes  in  the  interior  parts  of  Africa. 

BEET.  The  root  of  the  beet  affinds  a 
considerable  quantity  of  sugar,  and  has  latdy 
been  cultivated  for  the  purpose  of  extracting 
it  to  some  extent  in  Germany.  See  Sugar. 
It  is  likewise  said,  that  if  beet  roots  be  dried 
in  the  same  manner  as  malt,  afitr  the  greater 
part  of  their  juice  is  pressed  out,  very  good 
beer  may  be  made  from  them. 

BELLADONNA,  the  plant  called  in 
English  Deadly  Nightshade,  from  which  the 
alkaline  matter  Atropia  is  extracted.  M. 
Ruogei  says,  that  the  narcotic  prindple  of 
belladonna  is  destroyed,  or  so  changed,  by 
.alkaline  solutions,  as  to  lose  its  distinguishing 
property  of  causing  dilatation  of  the  pupiL 
This  takes  place  when  the  solutions  are  weak 
or  even  with  lime  water;  so  that  this  prindple 
cannot  be  obtjuned  by  the  usual  process  throi^^ 
the  intervention  of  alkalik  Magnesia  exerts 
no  action  of  this  ki^d ;  and  it  should  be  used 
as  a  hydrate  uncalcined.  It  should  be  thrown 
down  from  sulphate  of  magnesia  by  potash 
not  in  suffident  quantity  to  decompose  the 
whole  salt,  due  mixture  added  to  the  aqueous 
infusion  of  belladonna,  and  the  whole  evapo- 
rated by  a  brisk  fire  to  dryness ;  the  residuum 
when  dried  and  pulverised,  is  to  be  treated 
with  highly  rectified  alcohoL  The  dear  ydlow 
solution  being  evaporated  spontaneously,  yidds 
a  crystalline  mass,  which  slightly  blues  red- 
dened  litmus  paper,  dissolves* in  water,  and 
pioduoes  extreme  dilatation  of  the  pupO.  Its 
salts  have  also  the  sameefiuct  Ann,  de  ChimUj 
xxvii.  32. 
BELLMETAL.  See  Copper. 
BELLMETAL  ORE.  See  Ores  of 
Tik. 

BEN  (OIL  OF).  This  is  obtained  from 
the  ben  nut  by  simple  pressure.  It  is  re- 
markable for  its  not  growing  rancid  in  keqiing, 
or  at  leaLt  not  until  it  lias  stood  for  a  number 


of  yean ;  and  on  this  aooount  it  is  used  in 
extracting  Uie  aromatic  prindple  of  sudi  odo- 
riferous flowers  as  yield  little  or  no  essential 
oil  in  distillation. 
BENZOIC  ACID.     See  Acid   (Bek. 

EOIC). 

BENZOIN,  or  BENJAMIN.  The  tree 
which  produces  benzoin  is  a  native  of  the 
East  Indies,  particulariy  of  the  island  Siaxu 
and  Sumatra*.  The  juice  exudea  ftom  ind- 
skMu,  in  the  form  of  a  thick  white  balaam.  If 
collected  as  soon  as  it  has  grown  aomewhat 
solid,  it  proves  internally  white  like  almond, 
and  hence  it  is  called  Benxoe  Amygdaloides : 
if  suflfered  to  lie  long  exposed  to  the  sun  and 
air,  it  changes  more  and  more  to  a  brownish, 
and  at  last  to  a  quite  reddish-brown  oolour. 

This  lesin  is  moderatdy  hard  and  brittle, 
and  yields  an  agreeable  smell  when  nibbed  or 
warmed.  When  chewed,  it  unprecsea  a  aligfat 
sweetness  on  the  palate.  It  is  totally  soluble 
in  sloohol ;  from  which,  like  other  verinsy  it 
may  be  precipitated  by  the  additioii  of  water. 
Its  specific  gravity  is  1.092. 

The  white  opaque  fluid  thus  obtained  has 
been  called  Lac  Vixginale ;  and  is  still  sold, 
with  other  fragrant  additions,  by  perfumers, 
as  a  cosmetic  Boiling  water  sepaiMes  the 
peculiar  add  of  bensoin* 

The  products  Mr.  Brande  obtained  by  dis- 
tillation  were,  from  100  grains,  bensoic  add 
9  grains,  addulated  water  6.5,  bu^rraoeous 
and  empyreumatic  oil  G0»  brittle  coal  22,  and 
a  mixture  of  csrburetted  hydrogen  and  carbo- 
nic add  gas,  computed  at  3.&  On  treating 
the  empyreumatic  oil  with  water,  however,  5 
grains  more  of  add  were  extmcted,  making  14 
in  the  whole. 

From  1500  grains  of  benzoin,  Bncholz  ob- 
tained  1250  of  resin,  187  bensoic  add,  25  cf 
a  substance  similar  to  balsam  of  Peru,  8*  of 
an  aromatic  substance  soluble  in  water  and 
alcohol,  and  30  of  woody  fibres  and  impuri. 
ties. 

Ether,  sulphuric,  and  acetic  adds,  dissolve 
benzoin ;  so  do  solutions  of  potadi  and  soda. 
Nitric  add  acts  violently  on  st,  and  a  portion 
of  artificial  tannin  Is  fbtmed.  Ammonia  dis- 
solves  it  sparingly. 

BEROMANNITE.  A  massive  mineral 
of  a  greenish,  greyish. white,  or  reddish  oolour. 
lAtstve  intermediate  between  pearly  and  re- 
sinous. Fracture  fibrous,  passing  into  fine 
grained,  uneven.  Slightly  tnmslueent  on  the 
edges.   Scratches  iels|^.    Fuses  into  a  trans. 

rent  glass,  or  a  semitransparent  enamel.    It 
found  at  Ftederickswarn  in  Norway,  in 
quartz  and  in  fdspsr. 

BERYL.  Tlus  precious  mineral  is  most 
commonly  green,  of  various  shades,  pasting 

*  Consult  the  Philosophical  Transactions, 
vol.  Ixxvu.  p.  lifyj,  for  a  botanical  description 
and  drawing  of  the  tree,  by  Dryander. 
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into  honey-yenow,  and  sky-blne.  It  is  crys- 
teUized  in  hexahednl  prims  deenly  striated 
kxigitudioally,  or  in  6  or  12  sided  prisms, 
terminated  by  a  6  sided  pynunid,  whose  smn- 
mit  is  leplaced.  It  is  harder  than  the  erne- 
raid,  but  more  readily  yields  to  desTage.  Its 
sp.  gray,  is  2.7-  Its  lustre  is  Titreous.  It  is 
tranapaxenti  and  sometimes  only  transluceot. 
It  consists  by  Vauqaelio  of  68  sifica,  Id  alu- 
mina, 14  glucina,  1  oxide  of  iron,  2  Ume. 
B^rzellus  found  in  it  a  trace  of  oxide  of  tanta- 
lum. It  occurs  in  veins  traversing  granite  in 
Dnouria ;  in  the  Altaic  chain  in  Siberia ;  near 
Limoges  in  France ;  in  Saxony ;  Braidl ;  at 
Kinlock  Raimoch,  aiid  Cairngorm,  Aberdeen- 
shire, Scotland;  above  Dundrum,  in  the 
county  of  Dublin,  and  near  Cionebane,  county 
of  Wicklow,  in  Ireland.  It  differs  from  eme» 
raid  in  hardness  and  colour.  It  has  been 
called  aqua  marine,  and  greenish-yeUow  eme^ 
raid*  It  is  dectric  by  friction,  and  not  by 
heat. 

BEUBANTITE.  A  new  nuneral  occur- 
ring in  small  crystals  closely  aggregated,  being 
slightly  obtuse  xhombohedrons  with  the  sum- 
mits truncated.  Colour  black;  lustre  resi- 
noas ;  in  thin  fragments  translucent,  and  of  a 
deep  brown  colour.  Primitive  form,  an  ob- 
tuse rhomboid  of  92*'90'.  Hardness  greater 
than  that  of  iiuate  of  lime.  Powder  gr^nish- 
grey.  It  comes  from  Hobthausen  on  the 
Rhine.  '  The  only  substances  that  Dr.  Wd- 
lastoo  could  detect  in  it  were  oxide  of  lead  and 
oxide  of  iron.     Jnnals  of  Phil.  xi.  196. 

BEZOAR.  This  name,  whidi  is  derived 
from  a  Peruan  word  implying  an  antidote  to 
poison,  was  given  to  a  concretion  found  in  the 
ttomsdi  of  an  animal  of  the  goat  kind,  whidi 
was  oDoe  very  highlv  valued  for  this  imaginary 
quality,  and  has  thence  been  extended  to  all 
coooetions  found  in  animals. 

TheK  are  of  eight  kinds,  according  to  Four- 
croy,  Vsuqudin,  and  BerthoUet.  I.  Super- 
phosphate of  lime,  whidi  forms  concretions  in 
the  intestines  of  many  mammdRa.  2.  Phos- 
phate of  magnesia,  semitransparent  and  yeU 
lowish,  sod  of  sp.  grav.  2.160.  3.  Phosphate 
oi  ammonia  and  magnesia.  A  concretion  of  a 
grey  or  brown  colour,  composed  of  radiations 
from  a  centre.  It  is  found  in  the  intestines  of 
beibiverous  animals,  the  elephant,  horse,  &c 
1  Biliary,  coUmr  reddish-brown,  found  fre- 
queatiy  m  the  intestines  and  gall  bladder  of 
oxoi,  and  used  by  painters  for  an  orange-yel- 
lov  pigment.  It  is  inspissated  bile.  6.  Re- 
linous.  The  oriental  bessoars,  procured  from 
valmown  animals,  belong  to  this  class  of  con- 
CRtioos.  They  consist  of  concentric  layers, 
are  fioible,  combustible,  smooth,  soft,  and 
fiady  polidyd.  They  are  composed  of  bile 
md  resin*  6.  Fungous,  consisting  of  pieces  of 
Ae  iMdetDs  igniarius,  swallowed  by  the  ani. 
nsL  7.  Ha^.  8.  Ligniform.  Three  be- 
sotrtient  loBonapttteby  the  king  of  Persia 


were  found  by  BerthoUet  to  be  nothing  but 
woody  fibre  agglomerated. 

BIHYDROOURBT  OF  CARBON. 
See  Carburet TEo  Hydrogen. 

BIHYDROGURET  OF  PHOSPHO- 
RUS. See  Phosphuretted  Htdro- 
OEir. 

BILDSTEIN,  AGALMATOLITE,  or 
FIGURESTONE.  A  massive  mineral,  with 
sometimes  an  imperfectly  slaty  structure.  Co- 
lour grey,  brown,  flesn-red,  and  sometimes 
spott^,  or  with  blue  veins.  It  is  translucent 
on  the  edges,  unctuous  to  the  touch,  and  yields 
to  the  naiL  Sp.  grav.  2.8.  It  is  composed  of 
66  silica,  29  alumina,  7  potash,  2  lime,  1 
oxide  of  iron,  and  6  water,  by  Vauquelin. 
Klaproth  found  in  a  specimen  from  China, 
54.5  silica,  34  alumina,  6.25  potash,  0-75 
oxide  of  iron,  and  4  water.  It  fuses  into  a 
transparent  glass.  M.  Brogniart  calls  it  ttea- 
tiUpagodiU  from  its  coming  from  China  Cut 
into  grotesque  figures.  It  wants  the  magnesia, 
whicn  is  a  constant  ingredient  of  steatites.  It 
is  found  at  Naygag  in  Transylvania^ and  Gly^ 
derbadi  in  Wales. 

BILE.  A  bitter  liquid,  of  a  yellowish  or 
greenish-yellow  colour,  more  or  less  visdd,  of 
a  sp.  gravity  greater  than  that  of  water,  com- 
mon to  a  great  number  of  animsls,  the  peculiar 
secretion  of  their  liver.  It  is  the  prevailing 
opinion  of  physiologists,  that  the  bile  is  sepa- 
rated from  the  venous,  and  not,  like  the  other 
secretions,  from  the  arterial  bkod.  The  veins 
which  receive  the  blood  distributed  to  the  ab- 
dominal viscera,  unite  into  a  large  trunk  cslled 
the  vena  porta,  which  divides  into  two 
branches,  mat  penetrate  into  the  liver,  and 
divi'le  into  innumerable  ramifications.  The 
last  of  these  terminate  partly  in  the  biliary 
ducts,  and  partly  in  the  hepatic  veins,  wluch 
restore  to  the  circulation  the  blood  not  needed 
for  the  ^mation  of  bile.  This  liquid  passes 
directly  into  the  duodenum  by  the  ductus  cho^ 
ledocus,  when  the  animal  has  no  gall  bladder ; 
but  wben  it  has  one,  as  more  frequently  hap- 
pens, the  bile  flows  back  into  it  by  the  cystic 
duct,  and  remaining  there  for  a  longer  or 
shorter  time,  experiences  remsrkable  altera- 
tions. Its  prinapal  use  seems  to  be,  to  pro- 
mote the  duodenal  digestion,  in  concert  with 
the  pancreatic  juice. 

Boerhaave,  by  an  extravagant  error,  regarded 
the  bile  as  one  of  the  most  putrescible  fluids ; 
and  hence  originated  many  hypothetical  and 
absurd  theories  on  diseases  and  their  treat- 
ment. We  shall  follow  the  arrangement  of 
M.  Thenard,  in  a  subject  which  owes  to  him 
its  chief  illustration. 

Ox  bile  is  usually  of  a  greenish-veDow 
colour,  rarely  a  deep  green.  By  its  colour  it 
changes  the  blue  of  turnsole  and  violet  to  a 
ledduh-yellow.  At  oooe  very  bitter,  and 
slightly  sweet,  its  taste  is  scarody  supportable. 
Its  imell,  though  feeble,  is  easy  to  recognise* 
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and  appBMchet  tomewluit  to  the  namwwn 
odcMir  A  certam  h^  nwtten  when  th^  an 
heated*  Its  ipadflc  gravity  Taritt  voy  little. 
It  is  about  1.026  at  43**  F.  It  ia  aomedmea 
limpid^  and  at  othen  disturbed  with  a  yellow 
matter,  firom  which  it  may  be  easily  separate^ 
by  water :  its  consistence  varies  from  that  of  a 
uin  mndhge,  to  viaddity.  Cadet  legaxded 
it  as  a  kind  of  iosp.  This  opinion  was  fint 
refuted  by  M.  Thenaid.  According  to  this 
able  chemist,  800  parts  of  ox  bile  are  com^ 
posed  of  700  water,  15  xesinous  matter,  69 
picromel,  about  4  of  a  yellow  matter,  4  oC 
soda,  2  phosphate  of  floda,  3.6  muriates  of  soda 
and  potash,  0.8  sulphate  of  soda,  1^  phos- 
phste  of  lime,  and  a  trace  ot  oxide  of  iron. 
When  distilled  to  dryness,  it  leaves  fiom  l-8th 
to  I- 9th  of  solid  matter,  which,  urged  with  § 
higher  heat,  is  resolved  into  the  usiud  igneous 
ptodocts  of  animal  analysis;  only  with  mora 
oil  and  less  carbonate  of  ammonia. 

Exposed  for  some  time  in  an  open  vessel, 
the  bile  gradually  oomiptB,  and  lets  fall  a 
small  quantity  of  a  yellowiah  matter ;  then  its 
mucilage  decomposes.  Thus  the  putrefactive 
Kooess  is  very  inactive,  and  the  odiour  it  cx^ 
bales  is  not  insupportable,  hot  in  soma  eaaep 
has  been  thoog|it  to  icsemUe  that  of  muak. 
Water  and  akdiol  combine  in  all  proportions 
with  bile.  When  a  very  little,  add  is  poured 
into  bile,  it  becomes  slightly  turhidt  and  red^ 
dens  litmus ;  when  more  Is  added,  the  prodpi- 
tate  augments,  partipularly  if  sulphuric  add  be 
employed.  It  is  fi>imed  of  a  yellow  animal 
matter,  with  very  little  resin.  Potash,  and 
soda  increase  the  thinness  and  transparemj 
of  bile.  Aceute  of  lead  predpitates  the  yeL. 
low  matter,  and  the  snlphuiic  and  phosphoric 
adds  of  the  bile.  The  solution  of  the  suba- 
oetate  predpitates  not  only  these  bodies,  but 
also  the  picromel  and  the  muriatic  acid,  all 
combined  with  the  oxide  of  lead.  The  acetic 
add  remains  in  the  liquid  united  to  the  soda. 
The  greater  number  of  fatty  substances  are 
aqwble  of  bdng  dissolved  by  bile.  This  pro- 
pierty,  which  inade  it  be  considered  a  soap,  is 
owing  to  the  soda,  and  to  the  triple  compound 
of  soda,  resin,  and  picromeL  Sioourers  soooe- 
times  pefer  it  to  soap,  for  deansing  woollen. 
The  bile  of  the  calf,  the  dog^  and  the  sheep, 
are  similar  to  that  of  the  ox.  The  bile  of  the 
sow  contains  no  mcromel.  It  is  merely  a  soda- 
resinous  soap.  Iluman  bile  is  peculiar.  It 
varies  in  colour,  sometimes  being  green,  geme- 
jally  yellowislubrown,  oocasLooiOly  a^ost 
colourless.  Its  taste  is  9ot  very  bitter.  In 
tbe^  gall  bladder  it  is  sddom  limpid,  contain- 
ing often,  like  that  of  the  px,  a  certain  quan- 
tity of  yellow  matter  in  suspension.  At  times 
tfatt  is  m  such  quantity,  as  to  render  the  bUe 
somewhat  grumous*  Filtered  and  boiled,  it 
becomes  very  turbid,  and  diffuses  the  odour  of 
white  of  i»g.  When  evaporated  to  dryness, 
there  return  a  brown  extract,  equal  in  wei^t 
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tain  the  same  salts  aa  from  ox  bile. 

All  the  adds  dfionmpoae  human  bile,  and 
opcadon  an  abundant  precipitate  of  albniimn 
and  resin,  which  are  easily  separable  by  aloo^- 
ioL  One  part  of  nitric  ado,  sp.  grav.  1.210, 
laturates  109  of  bile.  On  pouring  into  it  a 
solution  of  sugar  of  lead,  it  is  changed  into  a 
liquid  of  a  lighUyellow  colour,  in  which  no 
picromd  can  be  fouud,  and  which  onntaina 
only  acetate  of  soda  and  some  traces  of  animal 
matter.  Human  bile  appears  henoe  to  be 
formed,  by  Tbeoard,  in  1100  parts;  of  1000 
water ;  from  3  to  10  yellow  insoluble  matter ; 
42  albumen ;  4 1  resin ;  5.6  soda ;  and  45  phos- 
phates of  soda  and  lime,  sulphate  of  soda,  mu- 
riateof  soda,  and  oxideof  iron.  But  by  Bcr- 
yelius,  its  constituents  are  in  1000  parts  i 
908,4  wster;  80  picBomd;  3  albumen;  4.1 
soda;  0.1  phosphate  of  lime;  X4  <xwnmon 
aalt ;  and  1  phosphate  of  soda,  widi  some 
phosphate  of  lime. 

.  BIRDLIMS.  The  best  birdlime  is  made 
of  the  middle  bark  of  the  hoUy,  boiled  seven 
or  eight  hours  in  water,  till  it  ia  aof^  and 
tendes;  then  laid  in  he^s  in  pits  in  Ae 
ground  and  covered  with  stones,  the  water 
being  previously  drained  from  it ;  and  in  this 
state  left  for  two  or  three  weeks  to  fbmciiL  till 
it  is  reduced  to  a  Idnd  of  mudlage.  This 
being  taken  from  the  pit  is  pounded  in  a  mor- 
tar to  a  psste^  washed  in  river  watei,  and 
kneaded,  till  it  is  freed  from  extraneona  mat. 
ters.  Ia  this  state  it  is  left  four  or  five  di^ 
in  esrthen  vessels,  to  ferment  and  puify  it- 
self,  when  it  is  fit  for  use. 

It  may  likewise  be  obtained  from  the  mistlB. 
toe,  the  viburnum  Isntana,  young  shoots  of 
elder,  and  other  vegetable  substance 

It  is  sometimes  adulterated  with  turpentincv 
oil,  vinegar,  and  other  matters. 

Good  birdlime  is  of  a  greenifh  colour^  and 
sour  fiavour;  gln^,  stiiopj,  snd  tanadona; 
and  in  smell  resembling  linseed  oiL  By  ei^ 
posure  to  the  air  it  becomes  dry  and  brittle, 
so  that  it  may  be  powdered;  but  Us  viaddity 
is  restore^  by  wetting  it.  It  reddenp  tincture 
of  litmus.  Sxpoeed  to  a  gentle  heat  it  lique- 
fies slightly,  swells  in  bubbles,  becomes  gru- 
mous, emits  a  smell  resembling  that  of  animal 
oils,  grows  brown,  but  reoovsss  its  piopertiflB 
on.  oooliog,  if  not  heated  too  mudi.  With  a 
greater  best  it  bums,  jj^viog  out  a  fari^^  flame 
and  much  smoke.  The  residuum  contains 
sulphate  and  muiifte  of  potash,  farhofyitp  ^f 
lime  and  alumina*  with  ^  snudl  portion  of  iioB. 
BISMUTH  ia  a  metal  of  a  ydj^wiah  or 
laddish-white  cqlqur,  little,  subject  tp  diaiMe 
in  the  air.  It  is  somewhat  harder  than  leaS, 
and  is  scarcdy,  if  at  aU  malleable  {  being 
easily  broken,  and  even  reduced  to  powder,  t^ 
the  hammer.  The  internal  face,  or  ^aoe  of 
fracture,  exhibits  laige  shining  plates,  dis- 
posed in  a  variety  of  podtions;   thin  p&eoei 
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of  480*  Fahzenheit,  it  melts,  sud  its'  sorfaoe 
beooma  cmrwed  with  agEeauab-glcey  or  bnnm 
aside.  A  vtiODger  beat  ignites  it,  and  causes 
it  to  bum  "with  a  small  blue  flame;  at  tbe 
Mine  time  that  a  yeUowiah  ozide^  knovn  by 
the  name  of  flowen  of  Usmnth,  is  driven  upw 
This  oxide  appears  to  rise  in  oonseqnence  <^ 
the  combustion  |  for  it  is  Teiy  fixed,  and  runs 
into  a  greenish  glass  when  exposed  to  beat 
&lon& 

This  oxide  consists  of  100  metal  +  1 1.275 
oxygen,  whence  its  prime  equivalent  vill  be 
9.87,  and  that  of  the  metal  iu»lf  8.87.  The 
specific  gravity  of  the  metsl  is  9.85. 

Bismuth  oiged  by  a  Strang  beat  in  a  dosed 
?eaMl,  sublimes  entixe,  and  crystallises  veiy 
distinctly  vben  gradually  cooled. 

Sulphuric  add  has  a  slight  action  upon  bis- 
muth, when  it  is  concentrated  and  boiling. 
Sulphurous  add  gas  is  exhaled,  and  part  of 
the  bismuth  is  conTerted  into  a  white  oxide. 
A  small  portion  combines  with  the  sulphuric 
acid,  and  sfibids  a  ddiquesceot  salt  in  the 
form  of  small  needles. 

Nitric  add  dissolves  bismuth  with  the  greats 
est  rapidity  and  violenoe;  at  the  same  tiro« 
that  much  beat  is  extricated,  and  a  laigf 
quantity  of  nitric  oxide  escapes.  The  so- 
mtion,  when  saturated,  affords  crystals  as  it 
cook;  the  salt  detonates  ^oUr,  i^  leaves  n 
ydkm  oxido  behind,  which  emoicaoes  in  tha 
tta,  Upon  dissolving  this  salt  in  water,  it 
icoden  that  fluid  of  a  milky  white^  and  lets 
fiUl  an  oxide  of  the  same  colour. 

The  nitric  solution  of  bismuth  exhibits  the 
ssme  property  when  diluted  with  water,  most 
of  the  metal  falling  down  in  the  form  of  n 
white  oxide,  called  magistery  of  bismuth* 
This  predpitation  of  the  nitric  solutiop,  bv 
the  addition  of  water,  is  the  criterion  by  whica 
binnttth  is  distinguished  from  most  other 
mctaia.  The  mi^gisterv^  or  oxide,  is  a  very 
white  and  subtfle  iwwder;  when  piq^aied  by 
the  addition  of  a  laige  quaofcliy  of  water,  it  is 
used  as  a  paint  for  the  oomplexioii,  and  is 
thoDght  gadual^y  to  impsir  the  skin.  Th9 
liberal  use  of  any  paint  for  the  skin  seems 
indeed  likdy  to  do  this;  but  there  is  reason 
to  suspect,  from  the  resemblance  between  the 

rril  ipopeities  of  lead  and  btmuth,  that 
oxide  of  this  metal  may  be  attended  with 
c&cts  ainular  to  those  which  the  oxides  of 
kad  are  known  to  produce.  If  a  small  por- 
tisn  of  gaoriatic  acid  b^  mixed  with  the  nitric, 
and  the  prcdpitated  oxide  be  washed  with  but 
a  small  quantity  of  cold  water,  it  will  appeal 
■  miqiite  scales  of  a  pearly  bistre,  consti* 
tating  the  fearl  powder  of  pofumers.  These 
paints  are  fiable  to  be  turned  bburk  by  sul- 
rhufetted  hydrogen  gas. 
Muriatic  add  does  not  readily  act  upon  bis- 


Whcn  Uflomth  is  exposed  Co  chlorine  gas  it 


takas  iiM,  and  is  «onferted  into  a  diloride, 
which,  formerly  prepared  by  heating  the  metal 
with  oorrodve  sublimate,  was  called  buttn  of 
bismuth.  The  chloride  is  of  a  greyish-white 
colour,  a  granular  texture,  and  is  opaque.  It 
is  fixed  at  a  red  heat.  According  to  Dr.  John 
Davy,  it  is  composed  of  33.6  chlorine,  +  66.4 
bismuth,  =  100;  or  in  equivalent  nnmbers, 
of  4.5  chlorine,  +  8.87  bismuth,  =:  13.37, 
When  iodine  and  bismuth  are  heated  toge- 
ther, they  readUy  form  an  iodide  of  an  orange^ 
yellow  colour,  insoluble  in  water*  but  eadly 
dissolved  in  potash  ley. 

Alkalis  likewise  predpitate  its  oxide;  but 
not  of  so  beautiful  a  white  colour  as  that 
afforded  by  the  affusion  of  pure  water. 

The  gallic  add  predpiutes  bismuth  of  a 
greenish-yellow,  as  fetropruariate  of  potssb 
does  of  a  yellowish  colour. 

There  appears  to  be  two  sulphurets,  the 
first  a  compound  of  100  bismuth  to  2334 
sulphur;  the  second  of  100  to  46.5:  the 
second  is  a  bisulphuret. 
.  This  metal  unites  with  most  metallic  sub- 
stances, and  renders  them  in  general  moiw 
fusible.  When  caldned  with  the  imperfect 
metaU,  its  glass  dissolves  them,  and  produces 
the  same  eflto  as  lepd  in  cupellafcion;  in 
which  process  it  is  even  said  to  be  pesftrable 
to  lead. 

Bismuth  is  used  in  the  composition  of  pew* 
ter,  in  the  fabrication  of  printers*  types,  and 
in  various  other  metallic  mixtures.  With  an 
equal  weight  of  lead,  it  forms  a  briUisnt  whita 
ajloy,  much  huder  than  lead,  and  more  mal« 
leable  than  bismuth,  though  not  ductile;  snd 
if  the  proportion  of  lead  be  inenased,  it  is  rent 
dered  still  more  nudleable.  Kight  parts  of 
bisDNith,  five  erf  lead,  and  three  of  tin,  con- 
stitttte  the  fusible  metal,,  sometimes  called 
Newton's,  from  its  discoverer,  which  melts 
at  the  heat  of  boiling  water,  and  may  be  fused 
over  a  candle  in  a  piece  of  stiff  paper  without 
burning  the  paper.  One  part  of  bismuth,  with 
five  of  Xesd,  and  three  of  tin,  forms  pewteicr's 
solder.  It  forpos  the  basia  of  a  sympathetic 
ink.  The  oxide  of  bismuth  predpitated  by 
potash  ^oon  nitric  add  has  been  recommended 
in  spasmodic  disorders  of  the  stomach,  and 
given  in  doses  of  four  grsins,  four  times  a-day. 
A  writer  in  the  Jena  Journal  says  he  has 
known  the  dpse  carried  gcaduallj  to  one 
scruple  without  injury. 

Bismuth  is  easily  sepamble,  in  the  dry  way, 
from  its  ores,  on  account  of  its  sreat  fusibility* 
It  is  usual*  in  the  processes  at  Urge,  to  throw 
the  bismuth  ore  into  a  fi^e  of  wood;  beneath 
which  a  hole  is  made  in  the  ground  to  recdve 
the  metal,  and  defend  it  from  oxidation.  The 
same  procesa  may  be  imitated  in  the  small 
way,  in  the  examination  of  the  ores  of  this 
metal;  nothing  more  bdns  necessary,  than  to 
expose  it  to  a  moderate  heat  in  a  crucible, 
witha  quantity  of  reducing  flux ;  taking  care. 
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at  the  same  time,  to  perform  die  operatioii  a* 
speedily  as  possible,  that  the  bismuth  may  be 
neither  oxidized  nor  voUitilized.    See  Salt. 

BISTRE.  A  brown  pigment,  consisting 
of  the  finer  parts  of  wood  soot,  separated  from 
the  grosser  by  washing.  The  soot  of  the 
beech  is  said  to  make  the  best. 

BISULPHATE.  See  Sulphate,  under 
Acid  (Sulpbu&ic). 

BITTER  PRINCIPLE,  of  which  there 
are  several  Tarieties. 

When  nitric  add  is  digested  on  silk,  indigo, 
or  white  willow,  a  substance  of  a  deep  yellow 
colour,  and  an  intensdy  bitter  taste,  is  ibrmed. 
It  dyes  a  permanent  yellow.  It  crystallizes 
in  oblong  plates,  and  saturates  alkalisy  like  an 
add,  producing  crystaUizable  salts.  That 
with  potash  is  in  yellow  prisms.  They  an 
bitter,  permanent  in  the  air,  and  less  soluble 
than  the  insulated  bitter  prindple.  On  hot 
charcoal  they  deflagrate.  When  struck  smartly 
-  on  an  anvil,  they  detonate  with  much  violence, 
and  with  emission  of  a  purple  li^t  Ammonia 
deepens  the  colour  of  tne  bitter  prindple  solu- 
tion, and  forms  a  salt  in  yellow  spiaibe.  It 
unites  also  with  the  alkaline  earths  and  metal- 
lic oxides.  M.  Chevreul  considers  it  a  com- 
pound of  nitric  add,  with  a  peculiar  substance 
of  an  oily  nature.  Quassia,  oooculus  indicus, 
daphne  Alpina,  coffee,  squillB,  colocynth,  and 
bryony,  as  well  as  many  onier  medidnsl  plants, 
yield  bitter  prindples,  peculiarly  modified. 

BITTERN.  The  modier  water  which  re. 
mains  after  the  crystallization  of  common  salt 
in  sea  water,  or  the  water  of  salt  springs.  It 
abounds  widi  sulphate  and  muriate  of  mag- 
nesia, to  which  its  bitterness  is  owing.  See 
Water  (Sea). 

BITTERSPAR,  or  RHOMBSPAR. 
This  mineral  crystallizes  in  rhomboids,  which 
were  confounded  with  those  of  calcareous  spar, 
till  Dr.  Wollaston  applied  his  admirable  rfr- 
flecdve  goniometer,  and  proved  the  peculiarity 
of  the  angles  in  bitterspar,  whidi  are  lOO*  16^ 
and  78*>  46'.  Its  colour  is  greyish  or  ydlow, 
with  a  somewhat  pearly  lustre.  It  is  brittle, 
semitransparent,  splendent,  and  harder  than 
calcareous  spar.  Fracture  straight,  foliated, 
with  a  threendd  deavage.  Its  sp.  gr.  is  2.88. 
It  consists  of  ftom  68  to  73  carbonate  of  Ume, 
25  carbonate  of  nuunesia,  and  2  oxide  of  num- 
ganese.  It  is  usually  embedded  in  serpentine, 
j  chlorite,  or  steatite ;  and  is  found  m  the  Tyrol, 
Salxburg,  and  Dauphiny.  In  Scotland,  on 
the  borders  of  Loch  'Lomond  in  chlorite  slate, 
and  near  Newton  Stewart,  in  OaUoway;  as  also 
in  the  Isle  of  Man.  It  bears  the  same  idation 
to  dolomite  and  magnedan  limestone^  that  cal- 
careous spar  does  to  common  limestone.* 

BITUMEN,  This  term  indudes  a  con- 
dderaUe  range  of  inflammable  mineral  sub- 
stances, bummg  with  flame  in  the  open  air. 
They  are  of  difeent  consistency,  from  a  thin 
Mdtoasolid;  but  the  solids  are  fofthemost 


part  Uqueftable  at  a  moderate  heat  Tfaeflttti 
are,  1.  Naphtha ;  a  fine,  white,  diin,  ingrant, 
colourless  oil,  wfaidi  issuer,  out  of  whtee,  yd- 
low,  or  blade  days  in  Perda  and  Media.  Thit 
is  highly  inflammable,  and  is  deoompoaed  by 
distillation.  It  dissolves  redns,  and  tlie  essen. 
tial  oils  of  thyme  and  lavender ;  but  is  not  it- 
self soluble  dther  in  alcohd  or  ether.  It  is 
the  li^test  of  all  the  dense  fluids,  its  spedfic 
parity  being  0.708.  2.  Petrdeam,  whidi 
IS  a  ydlow,  reddidi,  brown,  greenish,  or  black- 
ish oil,  found  dropping  from  rocks,  or  iasoiiig 
from  ^e  earth,  in  the  duchy  of  Modena*  and 
in  variouk  odier  parts  of  Eun^  and  Ada. 
This  likewise  is  insduble  in  aloobd,  and 
seems  to  consist  of  naphtha,  thidEeoed  by  ex. 
posure  to  the  atmosphere.  It  contains  a  por- 
tion of  the  sucdnic  add.  3.  Barbadoes  tar, 
which  Is  a  visdd,  brown,  or  blade  inflamma- 
ble substanoe,  insduble  in  aloohei,  and  oon. 
taining  the  sucdnic  add.  This  appears  to  be 
the  mineral  oil  in  its  dnrd  state  dT  alteraiioD. 
The  solid  are,  1.  Asphaltnm^  mineral  pitdi, 
of  which  there  are  three  varieties ;  the  edie- 
dve ;  the  semi-compact,  maltha ;  the  eompaot, 
or  asphaltnm.  These  are  smooth,  mote  or 
less  hard  or  brittle,  inflammable  Babsttmcea, 
which  mdt  easily,  and  bum  without  leaving 
any  or  but  little  adio,  if  they  be  pure.  They 
are  slightly  and  nartidlv  acted  on  by  alcohol 
and  dmer.  2.  Mineral  tallow,  which  is  a 
white  substance  of  the  consistence  dT  tallow, 
and  as  greasy,  althonrii  more  brittle.  It  was 
found  in  the  sea  on  &  coasts  of  Finland,  iu 
the  year  1736 ;  and  is  also  met  with  in  some 
rocky  parts  of  IVrsia.  It  is  near  ooe-fifth 
lighter  than  tallow;  burns  with  a  bhie  flame, 
and  a  smell  of  grease,  leaving  a  black  viscid 
matter  bdiind,  whidi  is  more  diflteultfy  cod- 
snmed.  3.  Elastic  bitumen,.or  ndneral  caout- 
chouc, of  which  there  aw  tiro  varieties.  Be- 
side these,  there  are  odier  Utnrainoaa  aub- 
stances,  as  jet  and  amber,  whkh  approadi  the 
harder  bitumens  in  their  nature ;  and  all  the 
varieties  of  idt-coal,  and  the  bitaminoiiB  adiia* 
tns,  or  shale,  which  contahi  more  or  less  of 
bitumen  in  tfadr  compodiion.  See  the  difi^- 
ent  kinds  of  bitumen  and  bituminooa  sub- 
stances, in  theb  respective  places  in  the  onler 
of  the  alphabet 

BITUMINOUS  LIMESTONE  ia  of  a 
lamellar  structure,  suscmtible  of 
emits  an  unpleasant  smell  when  ml 
has  a  brown  or  black  colour.  Heat 
it  into  quicklime.  It  contains  8.8  alumina; 
0.6  silica ;  0.6  bitnmcn ;  and  89.7^  oarixnuite 
of  Ihne.  It  is  found  near  Bristol,  and  in 
Galwav,  In  Irdand.  The  Dalmatiaa  is  ao 
charged  with  bitumen,  that  it  may  be  cut  like 
soap,  and  is  used  for  building  houses.  When 
the  waUs  are  reared,  flre  is  applied  to  thena, 
and  they  bum  white. 

BLACK  CHALK.    This  mineml  haa  a 
bluish-black  oolonr ;  a  slaty  texture;  toils  the 
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iiagaf,  and  js  mMgre  to  Um  touch*  It  eon- 
tuns  about  64  silica^  11  alaicina,  11  cnboo, 
-with  a  little  iiOD  and  water.  It  is  found  in 
pxnnitiFe  moiintainii,  and  ako  sometimes  near 
coal  fimoatioiia.  ItocconinCSMniarToashire, 
and  in  the  island  of  lala. 

BLACK  JACK.  The  minen  distinguish 
Ueode,  or  xaook  lead,  by  this  name.  It  is  an 
oxo  of  einc. 

BIiACK  LEAD.    See  Plumbago. 

BliACK  WADD.    One  of  the  ores  of 


BI^ACfllNO.  The  chemieal  art  by 
wliich  the  various  artieles  used  for  clothing 
ate  dcptiwed  of  their  natand  dark  colour  and 
rendemd  vhite. 

The  ooloariBg  principle  of  silk  is  uidoubi. 
edly  resinous.  Hence  M.  Bamn^  pnmoaed 
the  foUovring  process,  as  the  best  mode  of 
lilfadring  it  Chi  six  pounds  of  yellow  law 
silk,  dispoied  in  an  earthen  pot,  48  pounds  of 
aloolioi,  n>.  gr,  0.867,  mixed  with  12  oz.  mu- 
riatic add,  sp.  ffr«  1.100,  are  to  be  poured. 
AAa  a  day's  digestioo,  the  liquid  passes 
from  a  iine  green  oolour  to  a  dusky  brown. 
The  silk  is  then  to  be  drained,  and  washed 
with  akoboL  A  second  infusion  with  the 
absre  aridwlatwi  alcohol  is  then  made,  for 
fiaur  or  six  days,  after  which  the  silk  is 
dtamed  and  washed  with  alcohol.  The  spirit 
may  be  recovered  by  saturating  the  mingled 
add  frith  ^kali  or  lime,  and  (UstilliDg.  M. 
Baom^  says,  that  silk  may  thus  be  made  to 
rital  or  sorpaas  in  whiteness  and  lustre  the 
fioert  specimens  ftom  Nankin.  But  the  or- 
dinary mitthod  of  bleaching  silk  is  the  foUow- 
iag:_Tfae  silk,  being  stiU  raw,  is  put  into 
a  bsg  of  thin  linen,  and  thrown  into  a  vessel 
of  bnling  river  water,  in  which  has  been  dls- 
ttM  gwd  Genoa  or  Tonlon  soap. 

Aha  the  silk  has  boiled  two  or  three  hours 
in  that  walcc,  the  bag  being  frequently  turned, 
it  is  taken  out  to  be  beaten,  and  is  then  washed 
ia  osld  watar.  When  it  has  been  thus  tho- 
loudily  washed  and  beaten,  they  wring  it 
slifj^tly,  and  pot  it  for  the  second  time  into 
the  bofloig  vessel,  flUed  with  cold  water, 
mixed  with  soap  and  a  little  indigo;  whidb 
girei  it  that  bhisih  cast  commonly  observed  in 
white  silk. 

When  the  silk  is  taken  out  of  this  second 
nier,  tliey  wring  it  hard  with  a  wooden  peg, 
to  press  out  all  the  water  and  soap;  after 
vbieh  ther  shake  it,  to  untwist  it,  and  8ep». 
nte  the  threads.  Then  they  suspend  it  in  a 
load  of  stove  constructed  for  that  purpose, 
viiere  they  bum  sulphur;  the  vapour  of 
vbich  gives  the  last  d^ree  of  whiteness  to  the 
alk. 

The  method  of  hkacfang  wtolUen  Ht^t. — 
Then  are  three  ways  of  doing  this.  The  first 
it  vith  water  and  soap ;  the  second  with  the 
yspwr  of  sulphur;  and  the  third  with  dialk^ 
iflugo,  and  mt  vwgowt  of  sulphur. 

Bkacking  with  woidf  and  voter.— After  the 


atnfittne  taken  out  of  (he  faUer's  mill,  they  are 
pot  into  soi^  and  water,  a  little  warm,  in  which 
Uiey  are  again  worked  by  the  strength  of  the 
arms  over  a  wooden  bench :  this  finishes  giving 
them  the  whitening  which  the  fuller's  mill  had 
only  begun.  When  they  have  been  suffi- 
ciently worked  with  the  hands,  they  aae  washed 
in  dear  water  and  put  to  dry. 

This  mediod  of  bleadung  woollen  stuifi  is 
called  the  Natural  Method. 

Bleaching  with  tulfhur — They  begin  with 
washing  and  deansmg  the  stufis  thoroughly  in 
river  water ;  then  they  put  them  to  dry  upon 
poles  or  perches.  When  they  are  half  diy, 
th^  stretch  them  out  in  a  very  dose  stove,  in 
which  they  bum  sulphur ;  the  vapour  of  iriilch 
difiusing  iisdf,  adheres  by  degrees  to  the  whole 
stufi;  and  gives  it  a  fine  whitenhig:  this  is 
commonly  called  Bleaddng  by  the  Fbwer,  or 
Bleaching  of  Paris,  because  they  use  diis  me- 
thod in  that  city  more  than  any  where  else. 

The  colouring  matter  of  linen  and  cotton  is 
also  probably  resmous;  at  least  the  experi- 
ments of  Mr.Kirwaa  on  alkaline  lixivia  satu- 
rated with  the  dsrk  colouring  matter,  lead  "to 
that  condusion.  By  neutndiiing  the  alkidi 
with  dilute  muriatic  add,  a  precipitate  re- 
sembling lac  was  obtained,  soluble  in  alcohol, 
in  solutions  of  alkahs,  and  alkaline  sul- 
phurets. 

The  first  step  towards  (freeing  vegeUble  yam 
or  cloth  from  weir  native  oolour  is  fermenta- 
tion. The  raw  goods  are  put  into  a  large 
wooden  tub,  with  a  quantity  of  used  alkaline 
lixivium,  in  an  acescent  state,  heated  to  about 
the  hundredth  degree  of  Fahr.  It  would  be 
better  to  use  some  unoolouzed  fermentable 
matter,  such  as  soured  brsn  or  potatoe  paste, 
ahmg  with  clean  warm  water.  In  a  short  time 
an  intestine  motion  arises,  ahr  babbles  escape, 
and  the  goods  swell,  raisuig  up  the  loaded 
board  which  is  used  to  press  them  into  the 
liquor.  At  the  end  of  from  18  to  48  hours, 
according  to  the  quality  of  the  stufis,  the  fer- 
mentation ceases,  when  the  goods  are  to  be 
immediatdy  withdrawn  and  washed.  Much 
advantage  may  be  derived  by  the  skilful 
bleacher,  from  conducting  the  acetous  ferment- 
ation completdy  to  a  cImc,  without  incurrmg 
the  risk  of  injuring  the  fibre  by  the  putre&ctive 
fermentation. 

The  goods  are  next  exposed  to  the  actbn  of 
hot  alkaline  lixivia,  by  bucking  or  boiling,  or 
both.  The  former  operation  consists  in  pour- 
ing boiling  hot  ley  on  the  cloth  placed  in  a  tub ; 
after  a  short  time  drawing  off  the  cooled  liquid 
bdow,  and  replacing  it  above  by  hot  lixivium. 
The  most  convenient  arrangement  of  apparatus 
is  the  following : — Into  the  mouth  of  an  egg. 
shaped  iron  boiler,  the  bottom  of  a  large  tub  is 
fixed  air-tight  The  tub  is  furnished  with  a 
false  bottom  pierced  with  holes,  a  few  inches 
above  the  real  bottom.  In  the  latter,  a  valve 
is  placed,  opening  downwards,  but  whidi  may 
be  readily  dosed  by  the  upward  pressure  of 
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Steam.  FVom  tlie  ride  of  the  iron  bofler,  a 
little  above  its  bottom,  a  pipe  isauea,  which, 
tuiDiDg  at  right  angles  upwards,  rises  paralld 
to  the  outside  of  the  buckmg  tub,  to  a  foot  or 
two  above  its  summit  The  vertical  part  of 
this  pipe  forms  the  cylinder  of  a  sucking  pump, 
and  has  a  piston  and  rod  adapted  to  it.  At  a 
few  inches  above  the  level  of  the  mouth  of  the 
tub,  the  vertical  pipe  sends  offa  lateral  branch, 
which  terminates  in  a  bent  down  nozzle,  over 
a  hole  in  the  centre  of  the  lid  of  the  tub. 
Under  the  nozzle,  and  immediatdy  within  the 
lid,  is  a  metallic  circular  disc.  The  boQer 
being  charged  with  lixivium,  and  the  tub  with 
the  washed  goods,  a  moderate  fire  is  kindled. 
At  the  same  time,  the  pump  is  set  a-going 
either  by  the  hand  of  a  workman,  or  by  ma- 
chinery. Thus  the  lixivium,  in  its  progres- 
sively heating  state,  is  made  to  drcnlate  con- 
tinu^y  down  through  the  stufis.  But  when 
it  finally  attains  the  boiling  temperature,  the 
piston  rod  and  piston  are  removed,  and  the 
pressure  of  the  indudod  steam  alone  farces  the 
liquid  up  the  vertical  pipe,  and  along  the  hori- 
zontal one  in  an  uninterrupted  stream.  The 
valve  at  the  bottom  of  the  tub,  yidding  to  the 
accumulated  weight  of  the  liquid,  opens  firom 
time  to  time,  and  replaces  the  lixivium  in  the 
boiler. 

This  ingenious  self-acting  apparatus  was  in- 
vented by  Mr.  John  Laurie  of  Glasgow,  and  a 
representation  of  it  accompanies  Mr.  Ramsay's 
excellent  article.  Bleaching,  in  the  Edinbu^^ 
£ncydop«3dia.  By  its  means,  labour  is  spared, 
the  negligence  of  servants  is  guarded  against, 
and  fully  one-fourth  of  alkali  saved. 
.  It  is  of  great  conseauenoe  to  heat  the  liquid 
very  slowly  at  first.  Hasty  boiling  is  incom* 
pauble  with  good  bleaching.  Wlien  the  ley 
seems  to  be  imoregnated  with  colouring  mat- 
ter, the  fire  is  lowered,  and  the  liquid  drawn 
oflT  by  a  stop-cock;  at  the  same  time  that 
water,  at  first  hot  and  then  cold,  is  run  in  at 
top,  to  separate  all  the  dark-coloured  lixivium* 
Tne  goods  are  then  taken  out  and  well  washed, 
either  by  the  hand  with  the  wash  stocks,  or  by 
the  rotary  wooden  whed  widi  hollow  com- 
partments, called  the  daah  wheeL  The 
strength  of  the  alkaline  lixivium  is  varied  by 
difierent  bleachers.  A  solution  of  potash,  ren- 
dered caustic  by  lime,  of  the  specific  gravity 
1.014,  or  containing  a  little  more  than  1  per 
cent  of  pure  potash,  is  used  by  many  bleachers. 
The  Irish  bleachers  use  bariUa  lixivium  diiefly, 
and  of  inferior  ^kaline  power.  The  routine  of 
operations  may  ¥e  conveniently  presented  in  a 
tabular  form.     \ 

A  parcel  of  goohs  consists  of  360  pieces  of 
those  linens  which  are  called  Britannias.  Each 
piece  is  36  yards  long,  weighing  on  an  average 
10  pounds.  Hence  the  weight  of  the  whole  is 
3600  pounds  avoirdupois.  These  linens  are 
first  washed,  and  then  subjected  to  the  acetous 
fermentation,  as  above  described.  They  then 
undergo  the  following  operations :— . 


1.  Bucked  with  tOlbcpetfflaBhet,  Wished 
and  exposed  on  the  field. 

2.  Ditto  with  80  lbs.     ditto  ditto. 

3.  Ditto          90         potaahes  dHlo. 

4.  Ditto          80            ditto  dittfr 

6.  Ditto          80            ditto  ditta 

8.  Ditto          60            ditto  ditto. 

7.  Ditto          70            ditio  ditta 
&  Ditto          70            ditto  dHtew 

9.  Soured  one  night  in  dilate  lolpliBxic 


10.  Bucked  with  60  lbs.  peari  aabc 
6d  and  exposed. 

11.  Immersed  in  the  oxymuriste  of  potKh 
lEnr  12  hours. 

12.  Boiled  with  30  lbs.  pead  aahes^  washed 
and  exposed. 

13.  Ditto  SO         Atto  ditto. 

14.  Soured  and  washed. 

The  linens  aio  then  taken  to  the  vahbiiig 
hoaid^  and  well  rabbod  with  a  strong  lather  of 
black  soap,  after  which  they  are  wdl  wished 
in  pure  spring  water.  At  this  period  ifaey  sre 
eaiefully  examined,  and  those  which  ase  AiDy 
bleached  are  hdd  askle  to  be  bbed  and  nade 
up  for  the  market  Those  whieh  are  not  ftilly 
wnite,  are  vetomed  to  be  bofled  and  stseped  in 
the  oxymuriate  oi  potash,  and  soared  until 
they  are  fully  white.  By  the  above  ]iroeea» 
690  lbs.  of  commercial  alicali  are  used  in  bleadu 
ing  360  pieces  of  linen,  each  neaauring  96 
yaffds.  If  enoe,  the  expeoditnre  of  alkali  would 
be  a  little  under  2  lbs.  a-piece,  wsreit  aoi  diat 
some  part  of  the  above  linens  may  net  be  the- 
roughly  whitened.  It  will,  therenwe,  be  a  hk 
average  to  allow  2  lbs.  for  each  pieee  of  audi 


On  the  above  proceas  we  may  remark,  that 
many  enlightened  MeadMra  have  found  it  ad. 
vanteffeous  to  mply  the  sooiiDgat  a  mars  earlj 
peiiodf,  as  well  as  the  oxymaiJatie  aohitioa. 
According  to  Dr.  Stephenson,  In  hia  daborate 
piqMr  on  the  linen  and  hempen  mamifoctuvea, 
puUiahed  by  the  Bd&st  literary  Sodcty,  !• 
naggins,  or  quarter  pints  of  dl  of  vitrioLi  are 
sufficient  to  make  200  gaUons  of  somingi. 
This  gives  the  proportion,  by  meaane,  of  649 
water  to  1  of  acid.  Mr.  Parices,  in  dcscrihin|c 
the  Ueadiing  of  caliooea  in  his  Olemical 
Essays,  says,  that  throughout  Lancashire,  one 
measure  of  sulphuric  acid  is  used  with  46  of 
water,  or  <mep<mnd  of  the  add  to  26  pouidfe 
of  water ;  and  he  stotes,  that  a  sdentifie  ealico 
printer  in  Scotbmd  makes  his  soars  to  have  the 
specific  gravity  1.0264 at  HO*  of  Fahrenheit; 
which  dilute  add  contains  at  least  l-26th  of 
oil  of  vitrioL  Five  or  six  liouis*  immersion  is 
employed. 

In  a  note  Mr.  Parkes  adds,  that  in  bleach- 
ing  common  goods,  and  such  as  are  not  de^ 
s^ed  for  the  best  printing,  the  specific  gravity 
of  the  sours  is  vaned  from  1.0146  to  1.0238, 
•if  taken  at  the  atmospheric  temperature.  Most 
bleachers  use  the  strongest  alkaline  fixiviums 
at  first,  and  the  weaker  afterwards.    Aa  to 
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DiBKMr  tenoM  tbcDo^  it  is  dnkolt  to  txft  cb^ 
tih  dirta,  from  Ihe  naiableOMs  of  die  ddoiite 


of  Mtaih  and  Hme. 

If r«  Pvkn,  in  giviu  the  procea  of  the 
Seoldi  bkacher,  mjMy  Oat  itfker  the  cilieoet 
oiTe  been  anged,  eleeped)  and  squeesedy  they^ 
ve  boiled  four  sueeenive  times,  for  10  or  19 
hoaneodi^  in  a  eolation  of  canstie  potash  of  a 
specific  gravitjr  ham  1.0127  to  1.0166,  and 
waehed  tfaom^Uj  between  each  boUing. 
^They  an  then  immened  in  a  oolulaon  of  the 
OTmuiiale  of  potadi,  origindly  of  the  strei^ 
of  1.0C36,  and  altcmrde  vednoed  with  24 
4iBici  ito  nioaemc  of  wato;  In  tfan  prepaia- 
tin  ^107  am  auffirad  to  lemaln  12  homa.'* 
Dr.  Stephenaon  say%  that,  tat  eoane  linens, 
die  steep  is  made  by  dtsniving  IlK  of  oxy- 
nraiiate  of  lime  In  3  gsllons  of  water,  and 
aftenraeds  dSntfiic  with  86  adfidonal  gidloDs. 
The  ovdkisvy  ipedne  gKfity  of  the  OKymoiiate 
offlmealeepe,bjlIr.IUinMy,  is  1.000.  But 
flora  these  dbto  BiCle  ean  be  leaned ;  becsuse 
of  fime  Is  alwaja  nioie  or  less 
with  common  nrariate  of  lime,  or 
ddoride  of  csldnm,  a  little  of  which  has  a 
jieat  end  en  the  hjfdrametric  mdiCBtioDs. 
Ihs  period  of  immenion  is  10  or  12  hoan. 
Msny  bkadicn  employ  gentle  and  long  con. 
tianed  boiling  witbont  baddng.  The  open- 
tim  of  sovnng  was  hng  ago  e&eted  by  butter- 
BriO^  bnt  it  la  more  asndy  and  advantegeoushf 

Bed  by  the  dHute  sa^pfauric  aad  nnl. 

r  combined  widi  the  water  by  muefa  agi. 

mode  of  imlthig 
fime,  was  oneof  the 
§mtesl  improfementa  in  practical  falescnii^. 
Whm  das  diloride  is  well  prepared  and  pro- 
fedyappBed,  it  will  not  injure  the  most  deli- 
sale  maun.  Magnesia  has  been  suggested  as 
t  fbr  Ihne ;  but  tile  high  price  of  diis 
t  earth  most  be  a  bar  to  its  generslera* 
ploymcBt.  The  muriate  of  lime  sointioB  result- 
ing Aom  die  aethn  of  onbkached  doth  on  that 
of  tho  o&juMulate,  if  too  strong,  or  too  long 
^iplied,  woald  weaken  the  texture  of  dodi,  as 
Sir  H.  Ihify  has  shown.  But  the  bleadier  is 
on  Us  gosidagafaiattfals  acddent ;  and  thepro- 
OBB  of  soiBing^  which  foUowsmost  commonly 
tite  oxymnrtatle  steep,  thonragiily  lemofcs  tlie 
aftofaig  particles  of  lime. 

Mr.  Fsilus  infimns  us,  that  csfiooes  for 
waMer  work,  or  redst  work»  or  for  the  fine 
pale  blue  dipping,  cannot  widioat  injury  be 
bhofhtd  with  oxymuciate  of  lime.  They  re. 
fane,  he  aays,  oxymuriate  of  potuh.  1  be- 
lieve this  to  be  a  mistake.  Test  Hmuns  made 
bydiMoliiugindigo  in  snlphuiic  add,  and  then 
^tmg  the  solnhate  with  water,  or  with  infn- 
■OB  of  eoduneaJ,  are  employed  to  measure  the 
blsndiing  power  of  the  oxymoriatic  or  diloridic 
solutiuufc  But  they  are  an  more  or  less  unoer- 
tsio,  from  the  changeabkness  of  these  colour. 
rngBBMos.     Ihavemet  widimdigoofappa- 


lenfly  oxcellciit  qualHy,  of  wfaldi  dmr  parts 
were  required  to  satmate  the  same  weig|it  of 
oxymuriate  of  lime,  as  was  saturated  by  three 
parts  of  another  indigo.  Sucb  coloured  liquors, 
nowever,  thou^  they  gire  no  absolute  mea- 
sure of  chlorine,  aflind  nseftil  means  of  com- 
parison to  the  bleacher. 
•  Some  writeis  have  recommended  lime  and 
snlphnret  of  lime  as  detergent  sobstsnccs  in- 
stead of  alkali;  but  I  believe  no  practical 
bleadier  of  respeculrility  would  trust  to  them 
alone.  lihne  should  always  be  employed,  bow- 
ever,  to  make  the  alkalis  caustic ;  in  which 
state  dieir  detogent  powers  are  greatly  ia- 
creosed. 

Tlie  cosner  kinds  of  mndin  arebleadiedby 
steeping,  washing,  and  then  boilinff  diem  in  a 
weak  oohition  of  pot  and  pearl  asScs.  They 
are  next  washed,  and  afterwards  boiled  in  aoap 
alene,  and  tiicn  soured  in  very  dilute  sulphuric 
add.  After  bemg  washed  from  the  sour,  they 
are  boiled  with  soiqi,  washed,  and  immersed  in 
the  solution  of  chloride  of  lime  or  potash.  The 
boQni^  In  soap,  and  immersion  fai  the  oxymu- 
riate, IS  repeated,  until  the  musHo  is  of  a  pure 
white  colour.  It  is  finally  soured  and  washed 
in  pure  spring  water.  The  same  series  of  ope- 
lations  is  used  In  bleaching  fine  muslins, 
only  soap  is  used  in  the  boilings  oommonly  to 
the  exdosion  of  pawl  ash.  Past  coloured 
cottons  are  bleached  in  the  following  way:  — 
After  the  starch  or  dressing  is  well  renurvtd  by 
cold  water,  they  are  gently  boiled  with  soap, 
washed,  and  immetsd  in  a  moderately  strong 
solution  of  oxymuriate  of  potash  or  lime. 
This  process  is  repeated  till  tne  wliite  parts  of 
the  doth  are  sufilciently  pure.  They  are  then 
soured  in  dilute  sulphuric  add.  If  these  ope- 
satioDs  be  well  conducted,  the  colours,  instead 
of  being  impaired,  will  be  gready  improved, 
having  acquired  a  delicacy  of  tint  which  no 
other  process  can  impart. 

After  immersing  doth  or  yam  in  alkaline 
ley,  if  it  be  exposed  to  the  action  of  steam 
heated  to  222*,  ina  strong  Vessd,  it  will  be  in  a 
great  measure  bleached. 

This  operation  is  admirably  adapted  to  the 
deansinff  of  hospital  linen. 

The  foflowing  is  the  mactice  fbOowed  by 
a  very  skSful  Ueadier  or  muslins  near  Qlss- 
gow. 

**  In  fermentbg  muslin  goods,  we  surround 
tiiem  with  our  spent  le3rs  from  the  temperature 
of  1000  to  160^  F.,  according  to  die  weatiier, 
and  allow  them  to  ferment  for  36  hours.  In 
boiling  112  lbs.  =  112  pieces  of  yard-wide 
muslin,  we  use  6  or  7  lbs.  of  ashes  and  2  Iba. 
of  soft  soap,  with  960  gallons  of  water,  and 
allow  them  to  boil  for  6  hours ;  then  wash  them 
and  boil  them  again,  with  6  lbs.  of  ashes,  and 
2  lbs.  of  soft  soap,  and  allow  them  to  boil  9 
hours ;  then  wash  them  with  water,  and  im- 
merse them  into  the  solution  of  oxymuriate  of 
lime,  at  5  on  the  test  tube,  and  allow  them  to 
lemidn  fipom  6 to  12  hours;  next  wash  diem, 
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and  iromene  them  into  diluted  i ulphutic  odd 
at  the  specific  gravity  of  34  on  Twaddlers 
hydrometer  =  1.0175,  and  allow  them,  to  re- 
main an  hour.  They  are  now  well  washeid, 
and  hoiled  with  2^  lbs.  of  ashea,  and  21b8.  of 
soap,  for  half  an  hour;  afierwards  washed 
and  immersed  into  the  oxymuriate  of  lime  an 
before,  at  the  strength  of  3  on  the  test  tube, 
which  is  stronger  than  the  former,  and  allow- 
ed to  remain  for  6  hours.  They  are  again 
washed  and  immersed  into  diluted  sulphuric 
add  at  the  spedfic  gravitjr  of  3  on  Twaddlers 
hydrometer  =  1.015.  If  the  goods  be  strong, 
they  will  require  another  IxmI,  steep,  and  sour. 
At  any  rate,  the  sulphuric  add  is  well  washed 
out  before  they  recd^e  the  finishing  operation 
with  starch. 

*'  With  regard  to  the  lime,  which  some  use 
instead  of  alkali,  Immediatdy  after  fermenting, 
the  same  weight  of  it  is  employed  as  of  ashes. 
The  goods  are  allowed  to  boil  in  it  for  15 
minutes,  but  M)t  longer,  otherwise  the  lime 
will  injure  the  fabric" 

Tlie  alkali  may  be  recovered  fsom  the  brown 
lixivia,  by  evaporating  them  to  dryness  and 
gentle  ignition  of  the  residuum.  But,  in  most 
situations  the  expense  of  fud  would  exceed 
the  value  of  the  recovered  alkali.  A  simpler 
mode  is  to  boil  the  foul  lixivium  with  quick- 
lime,  and  a  little  pipe-day  and  bullock*s 
blood.  After  skimming,  and  subsidence,  a 
tolerably  pure  ley  is  obtained. 

Under  the  head  of  Chlorine,  we  have  de- 
scribed the  preparation  of  this  artide ;  and 
the  chief  circumstance  respecting  it  to  be  no- 
ticed here  is  the  apparatus,  whidi  must  be  on 
an  extensive  scale,  and  adapted  to  the  purpose 
'  of  inunersing  and  agitating  the  goods  to  be 
bleached.  The  process  of  distillation  may  be 
performed  in  a  large  leaden  alembic,  gg, 
PhUe  I.  fig.  1.  supported  by  an  iron  trevet  fy 
in  an  iron  boiler  e.  This  is  heated  by  a  fur- 
nace 5,  of  which  a  is  the  ashhole,  c  the  place 
for  introdudng  the  fuel ;  d  is  the  handle  of 
a  stopper  of  burnt  day,  for  r^ulating  the 
draught  To  the  top  of  the  alembic  is  fitted 
a  lei^en  cover  i,  which  is  luted  on,  and  has 
three  perforations;  one  for  the  curved  glass 
or  leaaen  funnel  A,  through  which  the  sul- 
phuric acid  is  to  be  poured  in;  one  in  the 
centre  for  the  agitator  A:,  made  of  iron  coated 
wi^  lead ;  and  the  third  for  the  leaden  tube 
2,  ihrcc  inches  in  diameter  internally,  through 
which  the  gas  is  conveyed  into  the  tubulated 
leaden  receiver  m.  To  prevent  the  agitator 
from  reaching  to  the  bottom  of  the  alembic,  it 
is  furmshed  with  a  conical  leaden  collar, 
adapted  to  a  conical  pojection  round  the  hole 
in  the  centre  of  the  cover,  to  which  it  becomes 
80  closely  fitted  by  means  of  its  rotary  mo- 
tion, as  to  prevent  the  escape  of  the  gas. 
The  tube  /  passing  through  the  aperture  m,  to 
the  bottom  of  the  intermediate  receiver  nearly, 
which  ifl  two-thirds  full  of  water,  deposits 
there  the  little  sulphuric  acid  that  may  arise; 


while  die  diknna  gas  pastes  tluougih  the  tubtf 
n  into  the  wooden  condenser  o  o.  The  sgi- 
tator  />,  turned  by  its  handle  t,  serve  to 
accderate  the  combination  of  the  gas  with  the 
alkali,  to  which  the  horizontal  pieces  q  q^  pro- 
jecting from  the  inside,  likewise  oontributc. 
The  cover  of  this  receiver  has  a  sloping 
groove  r,  to  fit  close  on  its  edge,  which  in 
bevelled  on  each  dde ;  and  a  cock  t  senres  to 
draw  off  the  liquor. 

Mr.  Teonent*s  chloride  of  lime  has  oeirlj 
superseded  that  plan. 

The  rags  or  other  materials  for  mskisg 
paper  may  be  bleadied  in  a  siofulsr  msnncr; 
but  it  is  best  to  reduce  them  first  to  the  itste 
of  pulp,  as  then  the  add  acts  more  onifonnly 
upon  the  whole  substance. 

For  bleaching  old  paper:  Boil  yoar  printed 
piq[>er  for  an  instant  in  a  sdutkui  of  caustic 
soda !  that  from  kdp  may  be  used.  Steep  it 
in  soap-suds,  and  then  wash  it;  after  which 
it  may  be  reduced  to  pulp.  The  soap  mty 
be  omitted  without  mudi  inconvenience.— For 
old  written  paper  to  be  worked  up  again: 
Steep  it  in  water  adduUted  with  sulpbuiic 
add,  and  then  wash  it  well  before  it  ia  talun 
to  the  milL  If  the  water  be  heated  it  viH  be 
more  effectuaL*-To  bleach  minted  paper, 
without  destroying  its  texture :  Steeo  the  leavo 
in  a  caustic  solution  of  soda,  dther  notorcold, 
and  then  in  a  solution  of  soap.  Anaoge  than 
altematdy  between  doths,  as  paper-makcFB  do 
thin  sheets  oi  paper  when  delivered  from  the 
form,  and  subject  them  to  the  PTen*  I^  ^ 
operation  do  not  render  them  sumdeotly  white, 
it  may  be  repeated  as  often  as  necessaiy.— To 
bleach  old  written  pi^er,  without  destroying 
its  texture:  Steep  the  paper  io  water  acidu- 
lated with  sulphuric  add,~dther  hoi  or  oold, 
and  then  in  a  solution  of  oxygenated  muriatic 
add ;  after  which  immerse  it  in  water,  that 
none  of  the  add  may  remain  behind.  This 
paper,  when  pressed  and  dried,  will  be  fit  for 
use  as  bcfor& 

BLEACHING  POWDER,  «  SALT. 
Chloride  of  lime,  which  see.  It  is  also  calkd 
oxymuriate  of  lime. 

BLEND.    An  ore  of  zinc 

BLOOD.  The  fluid,  which  fint  pia«it* 
itself  to  observation,  when  the  parts  of  living 
animals  aire  divided  or  destroyed,  is  the  blood, 
which  circulates  with  coosidenUe  velocity 
through  vessels,  called  veins  and  arteries,  dis- 
tributed into  every  part  of  the  system. 

Recent  Wood  is  unifonnly  fluid,  and  oi  a 
saline  taste.  Under  the  microscope,  it  appesn 
to  be  composed  of  a  prodigious  number  oi  r^ 
globules,  swimming  in  a  transparent  fluid. 
After  standing  for  a  short  time,  its  parts  sepa- 
rate into  a  thick  red  matter,  or  crassamentum, 
and  a  fluid  called  serum.  If  it  be  agptated  till 
cold,. it  continues  fluid;  but  a  consistent  po- 
lypous matter  adheres  to  the  stiner,  which  by 
repeated  ablutions  with  water  becomes  wbtc 
and  has  a  fibrous  appearance :  the  crassamen- 
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turn  becomes  white  and  fibrous  by  tbe  same 
<reatment  If  bipod  be  received  fjrom  the 
▼ein  into  wanu  water,  a  similar  filamentous 
natter  sabaidesy  while  the  other  parts  are  dis- 
solved. Alkalis  prevent  the  blood  from  co- 
agulating ;  acids,  on  the  contrary,  acoderate 
that  effect.  In  tbe  latter  case,  the  fioid  is 
found  to  contain  neattal  salts,  consisting  of 
the  acid  itself^  united  with  soda,  which  conse- 
<{iient]y  most  exist  in  the  blood,  probably  in 
a  discogi^  statew  Alcohol  coagulates  blood. 
On  the  water  bath,  blood  afiords  an  aqueous 
fluid,  ndtber  add  nor  alkaline,  but  of  a  fiunt 
smell,  and  easily  becoming  putrid.  A  stronger 
heat  gradually  dries  it,  and  at  the  same  time 
ndnces  it  to  a  mass  of  about  one-eighth  of  its 
original  wogfat. 

Blood  iMially  oonstsls  of  about  3  parts 
serum  ta  1  of  amor.  The  seram  is  of  a  pale 
greeniah-ycUow  colour.  Its  specific  gravity  is 
about  1.029,  while  that  of  bkwd  itselfis  l.OftS. 
Itchanpes  wymp  of  violets  to  a  gnen,  from  its 
eoDtamzi^  free  soda.  At  156«  serum  coagulates 
and  leiembfes  boiled  white  of  egg.  When  this 
coagulated  albumen  b  squeezed,  a  muddy 
iokl  exudes,  which  has  beoi  called  the  serosity. 
According  to  Beizelius,  1000  parts  of  the  serum 
of  bollock's  blood  consist  of  905  water,  79.99 
alhomcn,  6^175  lactate  of  soda  and  extractive 
matter,  2.665  muriates  of  soda  and  potash,  1.52 
»da  and  animal  matter,  and  4.75  loss.  1000 
parti  of  scrum  of  human  blood  consist,  by  the 
ttB3e  chemist,  of  905  water,  80  albumen,  6  mu- 
tiatcs  of  potioh  and  soda,  4  lactate  of  soda 
with  aoonal  matter,  and  4.1  of  soda,  and  pAun- 
ph&te  of  soda  with  animal  matter.  There  is  no 
gdadnin  senmu 

Tbe  cmor  has  a  specific  giavity  of  about 
1-245.  By  makmg  a  stream  of  water  flow  up- 
flc  it  tiD  the  water  runs  off  colourless,  it  is  se- 
paattd  into  insoluble  fibrin,  and  the  soluble 
cBlooring  matter.  A  little  albumen  has  also 
been  foaoA  in  oiior.  The  proportions  of  the 
^nma  two  are,  64  colouring  matter,  and  30 
fibrin  m  100.  To  obtain  the  colouring  matter 
pure^  we  mix  the  cruor  with  4  parts  of  oil  of 
vitriol  pcevioBsly  diluted  with  8  parts  of  water, 
and  exposethe  mixture  to  a  heatof  about  160* 
fin  5  or  tf  hoofs.  Filter  the  liquid  while  hot, 
sad  wadi  tfaereridue  with  a  few  ounces  of  hot 
Wiser.  Evaporate  the  liquid  to  one-half,  and 
aid  ammonia,  till  the  add  be  ahnost,  but  not 
BtWysatunUcd.  The  colourms  matter  falls. 
Beeaoit  the  supernatant  iiouid,  filter  and  wash 
the  xesiduitm,  from  the  whole  of  the  sulphate 
of  anmiooia.  When  it  iswdl  drained,  remove 
k  with  a  plaiina  Uade,  and  dry  it  in  a  cap- 
sule. 

When  solid,  it  appears  of  a  Uack  colour,  but 
heeooocs  wine-red  by  difibsion  through  water, 
B3  whadi,  however,  it  is  not  soluble.  It  has 
neither  taste  nor  smell.  AJcohol  and  ether 
I  it  into  an  unpleasant  smelling  kind  of 
It  is  sobohle  both  in  alkalis  and 
li  a^mncfaes  to  fibrin  in  iu  constitution, 


and  contains  iron  in  a  peculiar  state,  ^  of  a  per 
cent,  of  the  oxide  of  which  may  be  extracted 
from  it  by  calcination.  The  incinerated  colour- 
hig  matter  weighs  l-80th  of  the  whole ;  and 
these  ashes  consist  of  50  oxide  of  iron,  7-5  sub- 
phosphate  of  iron,  6  phosphate  of  lime,  with 
traces  of  magnesia,  20  pure  lime,  16.5  carbonic 
add  and  loss ;  or  the  two  latter  ingredients  may 
be  reckoned  32  carbonate  of  lime.  Berzelius 
imagines  that  none  of  these  bodies  existed  m 
the  colouring  matter,  but  only  their  bases  iron, 
phosphoms,  calcium,  carbon,  &c*  and  that  they 
were  formed  during  the  incineration.  From  the 
albumen  of  blood,  the  same  proportion  of  ^es 
may  be  obtained,  but  no  iron. 

No  good  explanation  has  yet  been  given  of 
the  chimge  of  colour*  which  blood  undergoes 
from  exposure  to  oxygen,  and  other  gases. 
Under  the  exhausted  receiver^  carbonic  add 
gas  is  disengaged  from  it.  TAe  blood  of  the 
netus  is  darker  coloured  than  that  of  the  adult ; 
it  has  no  fibrin,  and  no  phosphoric  acid.  The 
bufiy  coat  of  inflamed  blood  is  fibrin ;  from 
which  the  colouring  matter  has  predpitatcd  by 
the  greater  liquidity  or  sbwneas  of  coagulation 
produced  by  the  disease.  The  serum  of  such 
blood  does  not  yield  consistent  albumen  by 
heat.  In  diabetes  mdlitus,  when  the  uiine  of 
the  patient  is  loaded  with  sugar,  the  serum 
of  the  blood  assumes  the  appearance  of  whey, 
acoordmg  to  Dr.  RoUo  and  Dobson  ;  but  Dr. 
WoUaston  has  proved  that  it  contains  no  sugar. 

Dr*  Carbond  of  Barcelona  has  employed 
seruu  of  blood  on  an  extensive  scale  in 
painting.  Mixed  with  powdered  quicklime  or 
sUked  ttme,  to  a  proper  consistence,  it  is  easily 
applied  on  wood,  to  which  it  thus  gives  a 
coating  of  a  stone  colour,  that  dries  quickly, 
without  any  bad  smell,  and  resists  the  action 
of  sun  and  rain.  The  wood  should  be  first 
covered  with  a  coating  of  plaster,  the  compo- 
sition must  be  mix^  as  it  is  used,  and  the 
serum  must  not  be  stale.  It  may  be  used  too 
as  a  cement  for  water-pipes,  and  for  stones  in 
buUding  under  water. 

BLOODSTONE.    See  Calcedomy. 

BLOWPIPE.  This  shnple  instrument  will 
be  described  under  the  article  Laboratory. 

We  shall  here  present  our  readers  first  with 
an  abstract  of  Assessor  Gahn^s  late  valuable 
treatise  on  the  common  blowpipe,  and  shall 
afterwards  give  an  account  of  Dr.  Clarke's  very 
interesting  experiments  with  the  oxyhydrogen 
blowpipe. 

The  substance  to  be  submitted  to  the  action 
of  the  blowpipe  must  be  placed  on  a  piece  of 
charcoal,  or  in  a  small  spoon  of  platina,  gold, 
or  silver;  or,  according  toSaussure,  a  plate  of 
cyanite  may  sometimes  be  used.  ^  Qiarooal 
from  the  pine  is  to  be  preferred,  which  should 
be  well  ignited  and  dried  that  it  may  not  crack. 
The  sides,  not  the  ends,  of  the  fibres  must  be 
u^;  otherwise  the  substance  to  be  fused 
spreads  about,  and  a  round  bead  will  not  be 
formed.    A  small  hole  is  to  be  made  in  tlie 
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charcoal,  which  it  best  done  hj  a  ilip  of  plate 
iron  bcQt  longitudinally.  Into  this  hole  the 
substance  to  be  exazoined  muat  be  put  in  vay 
smaJl  quantity ;  if  a  very  intenae  heat  is  to  be 
used,  It  sboiud  not  exceed  the  jiie  of  half 
a  peppercom. 

The  metallic  spoons  are  used  when  the  sub- 
stance to  be  examined  la  intended  to  be  exposed 
to  the  action  of  heat  only,  and  might  nndeiao 
some  diange  by  immediate  contact  with  £e 
charcoaL  When  the  spoon  ia  used,  the  flame 
of  the  blowpipe  should  oe  directed  to  that  p«rt 
of  it  which  contains  the  substance  under  exa- 
mination, and  not  be  immediately  applied  to  the 
substance  itself.  The  handle  of  the  spoon  may 
be  inserted  into  a  piece  of  charcoal :  and  if  a 
very  kxtenae  heat  is  required,  the  bowl  of  the 
spoon  may  be  ad^tcd  to  a  hole  in  the  charooaL 
Small  portions  may  be  taken  up  by  plaiina 
forceps.  Salts  and  Tcdadk  substances  are  to 
be  heated  in  a  glass  tube  closed  at  one  end,  and 
enlarged  acooroung  to  drcnmatanoea,  so  as  to 
form  a  small  matrass. 

When  the  alteration  which  the  sabstaaoe 
undergoes  by  the  mere  action  of  heat  has  been 
observed,  it  will  be  necessary  to  examine  what 
further  change  takes  place  when  it  ii  melted 
with*  various  fluxes,  and  how  far  it  is  oqmUe 
of  reduction  to  the  metallic  state. 

These  fluxes  are— 

1.  Microcoemic  salt ;  a  compound  of  phot* 
phoric  acid,  soda,  aod  ammonia. 

2.  Subcarbonate  of  soda,  which  must  be 
free  from  all  impurity,  and  espedally  from 
sulphuric  acid,  as  this  will  be  decomposed, 
and  sulphuret  of  soda  will  be  formed,  which 

.  will  dissolve  the  metals  we  wish  to  teduce, 
and  produce  a  bead  of  coloured  glass  with 
substances  that  would  otherwise  give  a  co* 
lourless  one. 

3.  Borax,  which  should  be  first  freed  from 
its  water  of  crystalliiation. 

These  are  kept  powdered  in  small  phials  s 
and  when  used,  a  sufficient  quanti^  may  be 
taken  up  by  the  moistened  point  of  a  knife: 
the  moisture  causes  the  particles  to  cohere, 
and  prevents  their  beingblown  away  when 
placed  on  the  charcoal.  The  flux  must  then 
be  melted  to  a  clear  bead,  and  the  substance 
to  be  examined  placed  upon  it  It  is  then  to 
be  submitted  to  the  action,  first  of  the  exterioTt 
and  afterwards  of  the  interior  flame,  and  the 
following  circumstances  to  be  carefully  ob- 
served:— 

1.  Whether  the  substance  is  dissolved  ;  a&d 
if  so, 

2.  MHiether  with,  of  without  efiVrvescence, 
which  would  be  occasioned  by  the  liberation  of 
carbonic  acid,  sulphurous  add,  oxygen,  gas- 
eous oxide  of  carbon,  &c 

3.  The  transparency  and  colour  of  the  glass 
while  cooling. 

4.  The  same  circumstances  after  cooling. 
6.  The  nature  of  the  glass  formed  by  the 

exterior  flame,  and 


6.  Bv  the  interior  flame. 

7*  The  various  nktkms  t»  each  of  the 
fluxes. 

It  mutt  be  observed,  that  soda  will  not  fom 
a  bead  on  charooal,  but  with  a  certain  degree 
of  heat  will  be  absoibed*  When,  dterefoce, 
a  SDbatance  ia  to  be  froed  with  soda,  this  fka 
must  be  added  in  very  small  qnantirtrs,  and 
.a  very  moderate  heat  used  at  nut,  by  whicfa 
means  a  combination  will  take  jdaoe,  and  the 
soda  will  not  be  absorbed.  If  too  laigp  a 
quantity  of  soda  has  been  added  at  fim,  and 
it  has  consequently  been  abaorbed,  a  mcae  in- 
tense heat  wUl  cause  it  to  return  tothessfaoe 
of  the  charcoal,  and  it  wiU  tlun  tttet  into 
combination. 

Some  minerals  combine  readily  with  enlv 
very  small  portions  of  soda,  bat  mdt  witn 
difficulty  if  more  be  added,  and  ar«  absolutdj 
infusible  with  alaxger  quantity :  and  when  the 
sufasianee  has  no  aflinity  for  this  flux,  it  is 
absorbed  by  the  charcoal,  and  no  combinatiwi 


When  the  mhMnd  or  the  soda  eontaisi 
sulphur  or  sulphuric  add,  the  f^ats  aoquirei 
a  deep  ycUow  ooloar,  whidi  by  the  laffAd 
a  lamp  appears  red,  and  aa  if  produced  by 
copper. 

If  the  glass  bead  becomes  opoqoe  as  it 
cools,  so  as  to  render  the  colour  Indistioct,  it 
ahoold  be  brokoi,  and  a  part  of  it  mixed  with 
more  of  the  flux,  until  the  colour  becemes 
more  pure  and  di^inct.  To  render  the  cokwr 
more  perceptible^  the  bead  may  be  sithtr 
oomprosed  before  it  eoola,  or  dmwn  out  to 
athread* 

When  it  in  intended  to  oxidate  more  highly 
a  metallic  oxide  co&tainad  in  a  viirifiod  com- 
pound with  any  of  the  fluxes,  the  ^aas  is  first 
heated  by  a  strong  flame,  and  whtt  melted  ia 
to  be  gradually  withdrawn  from  die  point  of 
the  blue  flame.  This  operation  may  be  repeated 
several  thnes,  pcrmittiDg  the  iftm  somttknca 
to  cofAt  and  uautg  a  jet  of  1aig»  apartuc  with 
the  blowpipes 

The  reduction  of  metals  is  effected  m  the 
following  manner:  The  ghsa  bead^  fbrmed 
after  the  manner  already  printed  oat,  is  to  be 
kept  in  a  state  of  fusion  on  the  duoeosl  as 
long  as  it  remains  on  the  sur&oe,  and  is  not 
absorbed,  that  the  metallic  partideB  may  col- 
lect thansdves  into  a  globub.  It  is  dieii  to 
be  fused  with  an  additional  quantity  of  soda, 
which  will  be  abaorbed  by  the  choMoal,  and 
the  ^ot  where  the  absorption  has  taken  phux 
ia  to  be  strongly  ignited  by  a  tube  with  a  small 
aperture.  By  continuing  this  ignition,  the 
portion  of  metal  which  was  not  previously  re* 
duced  will  now  be  brought  to  a  meCaUic  state ; 
and  the  process  may  be  assisted  by  placing  the 
bead  in  a  smoky  flame,  so  aa  to  cover  it  with 
soot  that  is  not  easfly  blown  off. 

The  greatest  part  of  the  beads  whicfa  coo- 
tain  metals  are  frequently  covered  with  a  me- 
tallic splendour,  which  is  most  easily  produced 
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ti^ftgaifle,  fluttering,  gmolcy flame»  wbcD tbe 
more  intense  heat  has  ceased,  Wlthamo- 
•dente  heat  the  metallic  floHhee  remaiiiB ;  and 
hj  a  little  practice  it  maty  gencnlly  be  known 
vhedier  Uie  suhstance  nnder  examinarion  con- 
tuns  a  metal  or  not  Batitmustbeobflerred, 
that  the  glass  of  boruL  sometimes  assumes 
externally  a  metaflic  splendour. 

When  the  duueoal  is  cold,  diat  part  impreg- 
nated  with  the  fiised  mass  should  be  talcen  oat 
with  a  knifie,  and  ground  with  distilled  water 
ia  a  crystal,  or,  what  is  much  better,  an  agate 
mortar.  The  soda  will  be  dissoWed;  the 
charcoal  will  float,  and  may  be  poured  ofE; 
and  the  metallic  particles  iHU  remain  in  the 
water,  and  may  be  esandned.  In  this  manner 
moat  of  the  metals  maybe  reduced. 


Rekaiomt  of  Utg  Eariht  and  Metame  Oxidet 
hefbre  the  Skmpipc- 

I.  THB  SAKTHS. 

Sarytesy  when  containing  water,  melts  and 
tpreads  on  thechareooL  '  Omilrined  with  suL 
phnric  add,  it  is  converted,  in  the  interior 
ftone,  into  a  sulphuret,  and  is  absorbed  by  the 
charcoal,  with  eflerresccnce,  which  continues 
as  long  as  it  is  exposed  to  the  action  of  the 
faistrument. 

StrontiUt^  If  combined  with  carbonic  acid, 
snd  hdd  in  smsll  thin  j^tes  with  pladna  for- 
ceps  in  the  irUeriar  flame,  the  carixmic  add  is 
driven  olF;  and  on  the  side  of  the  plate  farthest 
from  die  lamp,  a  red  flame  is  seen  sometimes 
edged  with  green,  and  scarcdy  perceptible  but 
by  the  flame  of  a  lamp.  Sulphate  or  strontites 
is  reduced  in  the  interior  flame  to  a  sulphuret 
DiasolTe  this  in  a  drop  of  mnriatic  add,  add 
a  drop  of  alcohol,  and  dip  a  small  bit  of  stick 
hi  the  solution ;  it  will  hum  with  a  fine  red 


Lime.  The  carbonate  is  easfly  rendered 
eaoaile  by  heat ;  it  evolves  heat  on  being 
moistened,  and  is  afterwards  infhdble  before 
die  blowpipe.  The  sulphate  is  easily  reduced 
to  so^huret,  and  possesses,  besides,  the  pro- 
perty of  combining  witli  fluor  at  a  moderate 
heat,  forming  a  doir  glass.  The  fluor  should 
be  rather  in  excess. 

-  Jfd^netia  produces,  like  the  strontites,  an 
intense  hri^tness  in  the  flame  of  the  blowpipe. 
A  drop  of  solution  of  cobalt  being  added  to  it, 
and  it  bebig  then  dried  and  strongly  ignited, 
a  &mt  reddish  odour  like  flesh  is  produced, 
wiiidi,  however,  is  scarcely  visible  by  the  light 
ef  a  lamp.  And  magnesia  may  by  this  process 
be  detected  in  compound  bodies,  if  they  do  not 
eontain  much  metallic  matter,  or  a  propordon 
of  idniiuna  exceeding  the  magnesia.  Some  in- 
ference as  to  the  quantity  of  me  magnesia  may 
be  drawn  from  die  intensity  of  the  colour 
prodneed. 

-  An  these  alkaline  earths,  when*  pure,  arc 


leadily  Aidble  In  oomblnatkm  with  th^  fluxes 
Into  a  dear,  colourless  gbns,  without  effervea. 
•oenoe;  but  on  addii^  afturther  quandty  of  the 
eardi,  the  gbuis  becomes  opaque. 

Alumina  combines  more  slowly  with  the 
fluxes  than  die  preceding  eardis  do^  and  fbnns 
a  dear  ^ass,  which  does  not  become  opaque. 
But  the  most  striking  character  of  alumina  is 
the  bright  blue  colour  it  acquires  flnm  the 
addidon  of  a  drop  of  nitrate  of  cobalt,  after 
having  been  dried  and  ignited  for  some  dme. 
And  its  presence  may  be  detected  in  this  man- 
ner in  compound  minerals,  where  the  metallic 
substances  aie  not  in  great  proportion,  or  the 
qoandty  of  magnesia  large.  Alumina  may 
be  thus  detected  in  the  agdmatolite. 

It.   TRE  METALLIC  OXIDES. 

Artenic  flies  off  accompanied  by  its  charac- 
teristic smdl,  resembling  garlic.  When  laiger 
pieces  of  white  arsenic  are  heated  on  a  piece  of 
Ignited  charooali  no  smdl  is  percdved.  To 
prodnce  this  effbct  the  white  oxide  must  be 
reduced,  by  being  mixed  with  powdered 
charcoal.  If  arsenic  is  hdd  in  solution,  it 
may  be  discovered  by  dipping  into  'the  solu- 
tion a  piece  of  pure  and  well  burned  diarcoal, 
which  »  afterwards  to  be  dried  and  ignited. 

Chrome,  Its  green  oxide,  the  fomi  in 
which  it  most  commonly  occurs,  and  to  whidi 
it  is  reduced  by  heatin'g  in  the  common  air, 
exhibits  the  following  properties :  It  is  fusible 
with  microcotmic  talt,  in  the  interior  flame, 
into  a  glass  whidi,  at  the  instant  of  its  re- 
moval  from  the  flame,  is  of  a  violet  hue,  ap- 
proaching more  to  the  dark  blue  or  red, 
according  to  the  proportion  of  chrome.  After 
cooling,  the  glass  is  bluish-green,  but  less  blue 
than  me  copper  glass.  In  the  exterior  flame 
the  colour  becomes  brighter,  and  less  blue^ 
dian  the  former.  Widi  borax  it  forms  a 
bright  ydlowish,  or  ydlow-red  glass,  in  the 
exterior  flame ;  and  in  the  interior  flame,  this 
becomes  darker  and  greener,  or  bluish-grecn. 
The  reduction  with  soda  has  not  been  ex- 
amined. 

Molyhdic  acid  melts  by  itsdf  upon  the 
diarcoal  with  ebullition,  and  is  absorbed.  In 
a  platina  spoon  it  emits  white  fumes,  and  is 
reduced  in  the  interior  flame  to  roolybdous 
add,  which  is  blue ;  but  in  the  exterior  flame 
it  is  again  oxidated,  and  becomes  white.  With 
microcotmic  salt,  in  the  exterior  i\axne^  a  small 
proportion  of  the  add  gives  a  green  glass, 
which,  by  gradual  additions  of  the  add,  passes 
through  yellow-green  to  reddish,  brownish, 
and  hyacinth  brown,  with  a  slight  tinge  of 
green.  In  the  interior  flame  the  colour 
passes  from  yellow-flpreen,  through  yellow- 
brown  and  brown-red,  to  black ;  and  if  the 
proportion  of  acid  be  large,  it  acquires  a  me- 
tallic lustre,  like  the  sulphuret,  which  some- 
timea  remains  after  the  glass  has  cooled. 
Molyhdic  add  is  but  litdc  dissolved  by  borax. 
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In  the  exterior  flame  the  glass  aoquirei  a 
giey-yellow  colour.  la  the  interior  flame, 
a  quantity  of  black  paiticlea  in  precipitated 
from  the  clear  glass,  and  leaves  it  almost  €»> 
lourless  when  the  quantity  of  molybdenum  is 
small,  and  blackish  whoi  the  proportioa  is 
larger.  If  to  a  glass  fonoed  of  this  add  and 
microcosmic  salt  a  little  borax  be  added^  and 
the  mixtttxe  fused  in  the  exterior  flame,  the 
colour  becomes  instantly  reddish  •  brown ;  in 
the  interior  flame  the  black  partifles  are  also 
separated,  but  in  smaller  quantity.  By  long 
continued  heat  the  colour  of  the  glass  is  di- 
minished, and  it  appears  yellower  by  the  light 
of  a  lamp  than  by  daylight.  This  add  is  not 
reduced  by  soda  in  the  interior  flanoie. 

Tungstic  acid  becomes  upon  the  chaiooal 
at  flrst  brownish-yellow,  is  then  reduced  to  a 
brown  oxide,  and  lastly  becomes  blsck  with- 
out melting  or  smoking.  With  microcotmie 
tait  it  forms  in  the  interior  flame  a  pure  blue 
glass,  without  any  violet  tinge;  in  the  exterior 
flame  this  colour  disappears,  and  leappears 
again  in  the  interior.  With  6oraar,  m  the 
internal  flame,  and  in  small  proportions,  it 
forms  a  colourless  glass,  which,  by  increasing 
the  proportion  of  the  add,  becomes  dirty  grey, 
and  then  reddish.  By  long  exposure  to  the 
extsrnal  flame  it  becomes  trsnspsient,  but  as 
it  cools  it  becomes  muddy,  whitish,  and  chazige- 
able  into  red  when  seen  by  day-light.  It  is 
not  reduced. 

Oxide  of  TanJtaiwm  undeigoes  no  change 
by  itsd^  but  is  readily  fused  with  microeoe" 
mic  talt  and  with  boras^  into  a  dear  colourless 
glass,  from  which  the  oxide  may  be  predpi- 
tatod  by  heating  and  cooling  it  alternately. 
The  glass  then  becomes  opaque,  and  the  oxide 
15  not  reduced. 

Oxide  of  Titanium  becomes  yellowish  when 
ignited  in  a  spoon,  and  upon  rfiarffMl  dark 
brown.  With  microcosmic  salt  it  gives  in  the 
interior  flame  a  fine  violet-coloured  glass, 
with  more  of  blue  than  that  fixnn  manganese. 
In  the  exterior  flame  this  colour  dissppears. 
With  borax  it  gives  a  dirty  hyacinth  colour. 
Its  combinations  with  soda  have  not  been 
examined. 

Oxide  of  Cerium  becomes  red-brown  when 
ignited.  When  the  proportion  is  small  it 
forms  with  the  fluxes  a  dear  colomdess  glass, 
which,  by  increasing  the  proportion  of  oxide, 
becomes  yellowish-green  while  hot.  With 
microcosmic  salty  if  heated  a  long  time  in  the 
internal  flame,  it  gives  a  dear  colourless  glass. 
Witli  boraxy  under  similar  drcurostsnces,  it 
gives  a  faint  yellow^green  gkss  while  warm, 
but  colourless  when  cold.  Exposed  agahi  for 
fiomc  thne  to  the  external  flame,  it  becomes 
reddish-ydlow ;  which  colour  it  partly  retains 
when  cold.  If  two  transparent  beads  (xf  the 
compound  with  microcosmic  salt  and  with 
borax  be  fused  together,  the  triple  compound 
becomes  opaqne  and  white.  Flies  off"  by  re- 
duction. 


0xid9  ^  Ura^Atan.  The  yellow  oside  by 
ignition  becomes  green  or  greenish-brown. 
With  microcosmic  salt  in  the  interior  flame  it 
forms  a  dear  yellow  glass,  the  colour  of  whidi 
becomes  more  intense  when  cold.  If  long  ex- 
posed to  the  exterior  flame,  and  firsquently 
cooled,  it  gives  a  pale  yellowiah  red-brown 
glsss,  whidi  becomes  greenish  as  it  cools. 
With  borax  in  the  ixterior  flame,  a  dear, 
colourless,  or  faintly  green  glass,  is  fiirmed, 
containing  black  partides,  which  appear  to  be 
the  metal  in  its  lowest  state  of  oxxdiuioa.  In 
the  exterior  flame  Ihia  black  matter  n  dis- 
solved, if  the  quantity  be  not  too  great,  and 
the  glass  becomes  bright  yellowish-green,  and 
after  further  oxidation  yellowish-biown.  If 
brought  again  into  the  interior  flsme,  the 
colour  gradually  changes  to  green,  and  the 
black  matter  is  again  precipitated,  but  no  fur- 
ther reduction  takes  place. 

Oxide  of  Manganese  gives  widi  microcosm 
mic  salt  in  the  exterior  flame  a  fine  amethyst 
colour,  which  disappears  in  the  interior  flbme. 
With  horax  it  gives  a  yellowish  hyadnth  red 
glass. 

^  When  the  manganese,  firom  its  romhination 
with  inm,  or  any  cwier  cause,  does  not  produce 
a  sufficiently  intense  colour  in  the  glass,  a 
little  nitre  may  be  added  to  it  while  in  a  state 
of  fusion,  and  the  glass  then  becomes  dark 
violet  whUe  hot,  and  reddish-violet  when  cool  i 
is  not  reduced. 

Oxide  of  TVAtfHtMN,  when  gently  heated, 
becomes  first  yellow,  then  light  red,  and  af- 
terwards black.  It  mdts  and  is  absorbed  by 
the  charcoal,  and  is  reduced  with  a  slight  dfr* 
tonation,  a  greenish  flame,  and  a  smell  of 
horse-radish.  Microcosmic  salt  dissolves  it 
without  being  coloured. 

Oxide  of  Antimony  is  partly  reduced  in  the 
exterior  flame,  and  spreads  a  white  smoke  on 
the  charcoal.  In  the  interior  flame  it  la 
readily  reduced  by  itself,  and  with  soda.  With 
microcosmic  salt  and  with  boiax  it  ibnns  a 
hyacinth-ooloured  glass.  Metallic  antimony, 
when  ignited  on  charcoal,  and  remaining  nn- 
touched,  becomes  covered  with  radiating  ad- 
cular  crystals  of  white  oxide.  Sulphuret  of 
antimony  mdts  on  charcoal,  and  is  idisorbed. 

Oxide  qf  Bismuth  mdts  readily  in  a  spoon 
to  a  brown  glass,  which  becomes  bri^^iter  as 
it  cools.  With  microcosmic  salt  it  forms  a 
gr^-yeUow  glass,  which  loses  its  transparency- 
ana  becomes  pale,  when  cooL  Add  a  further 
proportion  of  oxide,  and  it  becomes  opaque. 
With  borax  it  forms  a  grey  glass,  whkh  de- 
crepitates in  the  interior  fisime,  and  the  metal 
is  reduced  and  volstilized.  It  is  most  readily 
reduced  by  itsdf  on  charcoaL 

Oxide  if  Zinc  becomes  yeUow  when  heated, 
but  whitens  as  it  cools.  A  small  proportian 
forms  with  mierocovaAc  salt  and  with  borax  a 
clear  glass,  which  becomes  opaoue  on  Incress- 
ing  the  quantity  of  oxide.  A  orop  of  nitrate 
oi  cobalt  being  added  to  the  oxide,  and  dried 
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and  %niied,  it  beoomei  green*  Y^ith  90d»  in 
the  interior  flame  it  in  xeduoed,  and  boros 
viih  its  chaiacterisdc  flame,  depositing  itk 
oxide  upon  the  charooal.  By  this  process  tine 
BMiy  be  easily  detected  even  m  the  automolite. 
Mixed  with  oxide  of  ooppcr,  snd  reduced,  the 
zinc  wiU  be  fixed,  and  bian  be  obtained.  Bat 
one  of  the  most  unequivocal  cbaractcs  of  the 
oxide  of  sine  is  to  dissolve  it  in  vinegar,  era- 
poimte  die  solntloa  to  dirness,  and  expose  it 
to  the  6ameottL  lamp,  when  it  will  bun  with 
its  jpecaliar  flame. 

Oride  qf  Iran  produces  with  microcotmie 
sail  or  borax  in  the  exterior  flame,  when  cold, 
m  yellowish  glass,  which  is  blood-rcd  while 
hot.  The  protoxide  forms  with  these  flaxes 
a  green  dass,  which,  by  increasing  the  pro- 
portion of  die  metal,  passes  through  bottle- 
green  to  black  and  opaques  The  glass  fhrni 
the  oxide  becomes  green  in  the  interior  fiune, 
and  is  redneed  to  protoxide,  and  becomes 
attractible  by  the  magnet.  When  placed  on 
the  wick  of  a  candle,  it  buns  with  the  crack- 
ling noise  peculiar  to  iron. 

Oxide  o/CobaU  becomes  black  hi  the  exterior^ 
and  grey  in  the  interior  flame.  A  small  pro. 
portion  f<»ina  with  microcotmie  salt  and  with 
borax  a  bloe  ghss,  that  widi  borax  being  die 
deepest.  By  trsnsmitted  light  the  ghm  is 
reddish.  By  fardier  additions  of  the  oxide  it 
passes  through  dark  bhieto  Uack.  The  metal 
may  be  pecipitated  firom  the  daik  blue  ^lass 
by  insertmg  a  steel  wire  into  the  mass  while  in 
luaian.  It  is  msDeable  if  the  oxide  has  been 
fiee  from  anenic,  and  mar  be  collected  by  the 
magnet;  and  b  distmsoiilied  from  iron  by  the 
absence  of  any  aad£ng  sound  when  placed 
on  the  wick  of  a  candle. 

Oxide  of  Nickel  becomes  Uack  at  die  ex- 
treouty  of  the  exterior  flame,  and  in  the  inte- 
rior greenish-grey.  It  is  dissolved  readily, 
and  in  hnge  quantity,  by  fiHcrocoffnic  talt. 
The  glass,  while  hot,  is  a  dirty  dark  red, 
which  becomes  paler  and  yeUowish  as  it  cools. 
After  the  ghva  naa  cooleo,  it  requires  a  large 
addition  of  the  oxide  to  produce  a  distinct 
change  of  ceJour.  It  is  nesrly  die  same  in 
thn  exierifr  and  interior  flame,  being  slighdy 
reddish  in  die  ktter.  Nitre  added  to  die  bead 
makes  k  froth,  and  it  becomes  red-brown  at 
first,  and  afterwards  paler.  It  is  easily  frsiUe 
with  ter«r,  and  the  cdour  resembles  the  pre- 
ceding When  this  g^aas  is  long  exposed  to  a 
high  degree  of  heat  in  the  interior  flame,  it 
psiMS  £ram  reddish  to  blackish  and  opaqoe; 
then  Uackisb-girey,  and  translucont;  then 
psler  reddiab-grey,  and  dearer;  and,  lastly, 
t;  and  the  metal  is  precipitated  in 
fidiite  metallic  gkibules.  The  red  colour 
I  here  to  be  prodneed  by  the  entire  fusion 


or  solution  of  the  oxide,  die  black  by  faidpfeBt 
reduction,  and  the  gr^  by  the  minute  metal- 
lic particles  before  they  combine  and  fbrm 
small  globules.  When  a  little  soda  is  added 
to  the  glass  formed  with  borax,  the  reduction 
is  more  easily  efiected,  and  the  metal  collects 
itself  hito  one  single  globale.  When  diia 
oxide  contains  iron,  the  g^Uss  retains  iu  own 
colour  while  hot,  but  assumes  that  of  the  iron 
as  it  cook. 

Oxide  qf  Tin  in  foim  of  hydrate,  and  in 
its  highest  degree  of  purity,  becomes  yelloi^ 
when  nested,  then  red,  and  when  approaching 
to  ignition,  black.  If  iron  or  lead  be  mixed 
with  it,  the  colour  is  dark-brown  when  heated. 
These  colours  become  yellowish  as  the  sub- 
stance cools.  Upon  chsrcoal  in  the  interior 
flame  it  becomes  and  continues  white ;  and,  if 
originally  white  and  firee  from  water,  it  under, 
goes  no  change  of  colour  by  heating.  It  is 
very  easily  reduced  without  addition,  but  the 
reductk)n  is  promoted  by  adding  a  drop  of 
solution  of  soda  or  potash. 

Oxide  of  Lead  melts,  snd  Is  very  quickly 
reduced,  either  without  any  addition,  or  when 
fused  with  microcosmic  sidt  or  borax.  The 
glass  not  reduced  is  UacL 

Oxide  of  Copper  is  not  altered  by  the  exte- 
rior flame,  but  becomes  protoxide  in  the  inte- 
rior. Widi  both  microcotmie  taU  and  borax  it 
forms  a  yellow-green  glass  while  hot,  but  which 
becomes  blue-green  as  it  cools.  When  strongly 
heated  in  the  interior  flame.  It  loses  its  colour, 
and  the  metal  is  reduced.  If  the  quantity  of 
oxide  is  so  small  that  the  green  colour  is  not 
perceptible,  its  presence  maybe  detected  by 
die  addition  of  a  little  tin,  which  occasions  a 
rtaduction  of  the  oxide  to  protoxide,  and  pro- 
duces an  opaque  red  glass.  If  the  oxide  has 
been  fused  with  oorax,  this  colour  is  longer 
preserved;  but  if  with  microcosmic  salt,  it 
soon  disappears  by  a  continuance  of  heat. 

The  copper  may  also  be  precipitated  upon 
iron,  but  the  glass  must  be  fost  saturated  with 
iron*  Alkalis  or  lime  promote  this  precipita- 
tion. If  die  ghtts  containing  copper  be  ex- 
posed to  a  smoky  flame,  the  copper  is  suner- 
ficially  reduced,  and  the  glass  covered  while 
hot  wltii  an  iridescent  pOlicle,  which  is  not 
always  permanent  after  cooling.  It  is  very 
easily  reduced  by  soda.  Salts  of  copper,  when 
heated  before  the  blowpipe,  give  a  fine  green 
flame. 

Oxide  of  Mercury  before  the  bbwpipe  be- 
comes black,  and  is  entirely  volatilised.  In 
this  manner  its  adultention  may  be  discovered. 

The  other  metals  may  be  reduced  by  them- 
selves, and  may  be  known  by  their  own  pe* 
culiar  characters*— Sice  BerteHut  on  the  Blow* 
pipe,  09  tramlated  by  Mr.  Children. 
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Thefollowit^  wUnahle  synoptic  Table  of  the  principal  Characters  of  the 
Earths  and  Metallic  Oxides,  before  the  Blowpipe,  u  extracted  from  ikal 
valuable  tvor^« 

Abs&etiations.-- O.  F.  oxidating  flame  i  R.  F.  Ndadng  flame ;  =  parts,  equal  parts  of 
the  assay  and  flux;  K.  C.  nitiate  of  cobalt ;  Fl.  flaming;  C.  under  theodumn  of  ettber 
of  diefinxes,  means  that tlie  tuppon  is  ehaiooal;  P.  F.  platinum  foa ;  P.  W.  pla&ram 

wire ;  a  bnoe  -j  refen  to  the  substances  in  the  fint  column  only,  and  includes  all  thoae 

which  are  contained  in  Ihe  space  it  comprehends. 


Assay. 

Heated . 
Platina. 

ILOVE  ON 

Charcoal. 

AlkalU 

Baryta.  •....•.■..••.. 

Infusible. 

Bubbles  op  and  fiises. 

Fuses  readily  into  a  clear«glass; 
enamel  white  on  cooling. 

Infusible. 

like  Baryta. 

Fuses  with  moderate  heat  at  the 
surface,  great  brilliancy;  tinges 
strong  R J.  red;  becomes  al- 
kaline. 

No  change. 

Becomes  caustic  and   alkaline  | 
emits  brilliant  white  light 

No  change. 

No  changes                     ^ 

No  change. 

No  change. 

Infusible;  emits inten«e light 

No  change. 

F.  fumea  and  fuses ;  brown  yel- 
low on  cooling  ;  in  R.F.  blue ; 
intense  heat,  brown. 

R.F.  Uackens,  but  not  reduced. 

No  change. 

Fuses  readUy,  and  sublimes,  in 
white  fumes;  precipitated  oxide, 
bums  like  tinder  into  antimo- 
niousacid. 

F.  fuses  and  fumes. 
No  change. 
No  change. 

Protoxide  becomes  peroxide. 

Yellow  whae  hot;  white  when 
cold;  does  not  fiise,  but  gives 
out  great  light  when  very  hot, 
and  white  fumes,  which  con- 
dense like  wool 

1 

Infusible. 

Is  absorbed. 

Becomes  caustic,  and  is  absorbed. 

Infusible. 

Nochaogeu 
No  change. 
No  change. 
No  chatige. 

Infusible ;  emits  intense  light 
No  change^ 

Fuses,  and  isahnrbed,  and  partly 
reduced. 

Theaamfu 

The  same. 

FuSM  readUy ;  white  fumes,  which 
condense  into  pearly  crystals. 

Fuses  readily,  and  reduces  j  co- 
lours the  flame  greenish. 

Does  not  fuse,  nor  lednee ;  giva 

abiifi^tligfat 
Whitens;    is  changed  to  anti. 

monioosacid. 
Fuses,  effervcsoes,  and  ndaees. 
The  same. 
The  same. 

Peroxide     becomes    protoxide ; 

bLukens,  but  does  not  fuse. 
Peroxide  docs  not  alter. 
Not  fused ;  becomes  brown  in  a 

strong  heat 

Hydrate 

Carbonate •  ■  • . . 

Strontita. .  •  • 

Hydrate 

CarUmate,  ••••••.•. 

Ume  ••.•■•%••••  .••«. 

Carbonate 

Maenesia  ..«.• 

Alumina.  •••..••  ••••. 

Glucina 

Yttria 

Zirconia  ••••  ••• 

Silica 

MolybdicAdd 

Tunsstic  Add 

Oxide  of  Chrome 

Antimony  t««i>.t*t«*. 

Oxide  of  Antimony.. 

AntitnoniousAcid.». 

Antimonic  Acid 

Oxide  of  Tdlurium. . . , 
Oxide  of  Columbium . , . 
Oxide  of  Titanium 

Oxides  of  Uranium . , . . 

Oxides  of  Cerium 

Oxide  of  Manganese  • . . 

Oxide  oP  Zinc 
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Absat* 

HXATED  ALONE  OK                                             | 

Platima. 

Chaeooai. 

OxidaarCdhmlnm.... 

F.  no  duagL 

Soon  diaslpales;  lesTes  m  red  or 
orange-yellow  powder  on  the 
charodal* 

Oxiacoflnai 

O.F.  DO  dunge. 

R.  F.  blackens,  and  becomes  mag- 
netic. 
The  same. 

Oxide  of  Cobdt. 

Oxide  of  Kkkd 

Kocfaaois. 

The  lame. 

Bismuth 

Flies  off  in  ftones,  and  leaves  a 
mark  with  red,  or  onmge  edges, 

which   may  be  dissipated   in 

R.  Fa  without  gnrins  colour  to 

OxidicfBUmiUk.,. 

F.  (iifles  Tcaday,  maia  dark  brown, 
Tellowiah  on  oooliag.    In  yoj 
intense  heat  nduoea,  and  per. 
fotates  the  foil 

Instantly  reduced 

OvafltofTbi 

Protoxide  takes  fire,  and  hums 

R.F.  peroxide  does  not  Ane,  bntre- 

like  tinder  into  peroxide. 
Minium  becomes  blade  while  hot ; 
at  mdpient  redness,  changes  to 

duces  in  a  stnmg  prolonged  heat. 

Oxide  of  Lead 

Orange  daasreduoes  into  a  globule 

3fcaowox]de,fiuibleinto  orange- 

coloured  gbtts. 

Oxide  of  Copper 

O.F.  black  globule;  flows  orcr 
the  charcoal,  under  ourftoe  re- 
duces. 

R.  F. reduces;  with  strong  heat 

MeicDfy 

Oxide  of  fiilTcr 

Gold 
Phtiu 

gives  a  bead  of  metaL 

Instantly  reduced. 

Inststnayredueed. 

Iridhnn 
tHhodinm 

IPaUadimn 

AasAT* 

Hi 

Soda. 

:ated  with  Fluxe 
Borax. 

8.      Salt  or 

PHOSPHOEtTS. 

Alkalu 

^Fuse   an4  are  ab- 
i    sorbed     by    the 
3     charcoaL 

No  action  on  caustic 
stiontita. 

=  parts,  fiises  into  a 
dear  glass,  becomes 
mUky  on  cooling: 
in  strong  heat,  bub- 
bles, and  absorbed 
by  Uie  diaroool. 

)  No  sensiblequantity 

i     dissolved. 

'Fuse  readily  with  ef. 

dear  glass,  which 
becomes    opaque 
.  .    byFl. 

•  Like  Baryta. 

Clear   glass:    optque 

Fuses     with      effer- 

carbonate  dear  glass; 
crystallizes  on  oocl. 
ing. 

As  with  borax,  but 
foam     and     hi. 
tumeace;  end  hi 
adear^^aas. 

Ditto. 

Fuses  in  large  quan- 
aty;  deargkas. 

Fuses     with     effer- 
vescence. 

fflfdnU    

ConoHtUc    ••  ••  •••• 

StiQQtita 

HvdraU 

CarbonaU    

Lime   

Carbonate    
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Assay. 


Soda. 


Heated  with  Fluxes. 

BOBAX. 


•8AZ.T   OF 

Phosphorus. 


Magnesia 


Alumina 


Ghidns  . 


\ 


Yttria  . . 
ZucocUl 


Silica 

Molybdic  Acid 


Tungstic  Add 


Oxide  of  Chrome 


Antimony 

Ojcideof  Antimony, 


AntlmonioM  Acid 
Antimonic  Acid 
Oxide  of  Tellurium. . . 


Oxide  of  Columbium. . 
Oxide  of  Titanium , . . , 


No  action. 


Swells  up;   fonns  an 

infusible  compound. 

No  action. 


Like  Oludna. 
Similar  to  Gludna. 


Like  lime. 


Fuses  slowly ;  peima- 
nently  detf  glass. 

dear  glaas,   with 
large  proportion  oi 
the  assay;   opaque 
^yFl. 

Like  Oludna. 

Like  Oludna. 


Fuses  readily;  dear 
glass ;  satunted  with 
masnesia,  qpaqneoD 
cooung. 

Permanently   dear 
glass. 

As  widiboiaz. 


Fuses  with  brisk  efler- 
▼escenoe ;  dear  glass. 

P.W.effcrveaces;  clear 
glass;    becomes 
milky  on  cooling. 

C.  fuses,  absorbed  andjC. 
reduced. 


Fuses  Teryslowly;  per. 

manently  dear  glass. 
P.  W.   dear  ghua  in 

O.F. 


and  in  R.  F.  (^asa 
becomes  dirty  brown, 
but  not  opaque. 


P.  W.  dark  yellow 
glass,  GrystallizcB  on 
cooling ;  opaque, 
white  or  ydlowish. 

C  and  R.F.  reduced. 

P.W.  and  O.F.  dark 
orange        glass ; 
opaque  and  ydlow 
on  cooling. 

R.  F.  opaque;  glass 
green  on  cooling, 

C.  absorbed,  but  not 
reduced. 

P.W.  fuses;  dear  co- 
lourless glass  be- 
comes whiteon  cool- 
ing. 

C  is  reduced. 


P.W.andO.F.  dear 

glass;    not  opaque 

byFl. 
R.  F.  glass    becomes 

ydlow. 
C.    fuses  difficultly; 

glass  emerald  green ; 

on  P.  W.  and  O.  F. 

the  colour  flies,  and 

glass  becomes  brown 

yellow ;  on  cooling, 

assumesa  faint  green 

tinge. 

C.  dissolyes  in  large 
quantity ;  glass  yd- 
lowish, hot;  almost 
colourless,  cold;  if 
saturated,  psrt  re- 
duced and  sublimed; 
strong  R.F.  the  glass 
becomes  opaque 
and  greyish. 


P.W.  colourless  glass; 

white  on  cooling. 
C.  reduced. 


Combines  with  effer- 
vesoence,  but  not 
fused  or  reduced. 

Fuses  into  a  dear  dark 
yellow  glass ;  white 
or  grey-white  on 
cooUng,  and  crys- 
taUiaea  with  evolu- 
tion of  great  lieat. 

C  not  redudble. 


P.  W.  dear  colour- 
less glass;  whiteon 
cooling. 

C.  becomes  grey  and 
opaque. 

Colourless,  dear  glass, 
becomes  opaque  by 
Fl, 

,  W.  fuses  easily; 
gla«,  colourless ;  be- 
comes milk-white 
by  Fl. 

R.  F.  glass  ossui 
dark  amethyst  co- 
Iour,but  transparent. 


Like  Gludna. 
Like  Oludna,  bot  dis- 
solves more  difBcokly. 
Very  small  portion  dis- 
solves; dear  glass. 
P.  W.   and   in  0.  F 
greenish  glass  while 
hot ;  colcHirless,odd. 
(n      R.  F.     beooKo 
opaque;   dull   blue 
while  hot ;  dear  and 
fine  greenon  cooling. 
Csame  phenomena. 
O.  F.  yellowish  glass. 
R.  F.  fine  blue  ^ss. 


Oreen  glass  in 
flames. 


bodi 


P.W.  and  OF.  gUss, 
yellowish  hot;  co- 
lour flics  on  cooling 


The 


Fuses    easily;    glsss 
permanently  dear. 

O.F.  dear  oolourleft 
glass. 

LF.  and  on  a  f^ 
ydlowish  hot;  w 
coolings  fiisi  iw, 
then  very  anebluijh 

vMlet        
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Assay. 


Soda. 


Heated  with  Fluxes.      «  , 

BOHAX.  oALT    OP 

Phosphorus. 


Oxides  of  Uraaium . 


Oxides  of  Cerium 


In  Uuge  qiuBitit7,on 

C  and  R.  F.  glass, 

dnll  yellow;  when 

cold,  deep  blue. 

C  brown  yellow;  notjP.  W.     dark   yellow 


\ozide  of 


Oxide  of  Zinc 


Manganese. 


Oxide  of  Oeidmium. 


Oxide  of  Iron 


OxideofCobttlt    ... 
Oxideof Nickel  .... 


Bismuth 
Oxide  of  Bismuth  . 


Oxides  of  Tin 


fitted. 


sorbed ;     white 
gny.white   protox^ 
id*  remains  on  the 
surface. 


P.F.  fuses,  green  glan, 
dear;  cold,  Uuish 
green. 

G.  not  reduced. 


C.  not  fused,  but  re- 
duoed  with  fl 
white  fumes,  which 
cover  the  charooaL 

P.W.  not  fused. 

C.  reduced,  sublimes, 
and  leaves  a  circular 
yellowish  mark. 


C.  absorbed  and   n 
duced;  not  fused. 


P.  W.  pale  red,  by 
tnnsndtted  light; 
grey,  cold. 

C.  absorbed  and  re- 
duced;  not  fused, 


P.W.  and  O.F.  dear 

i;lnR.^.  be.     yellow  glass;    cold, 

comes  dirty  green.       straw.yeUow,  slight. 

1y  green. 

C.  and  R.F.  fine  green 

glus. 

not  fused,  soda  abJO.F.  fine  red,  or  deep  O.  F.  fine  red  glass ; 

orange  yellow  glass;     colourless  when  cold, 

colour  flies  on  cooL     and  quite  Um]^. 

ing;  cold,  yellowish 

tint.    Enamd  white 

by   Fl.   In    R.  P. 

loses  its  colour. 

O.  F.  dear,  amethyst 

colour,  glass ;  colour 

flies  in  R.  F. 


The  same,  but  colour 
not  so  deep.  In  fu- 
tion  in  O.  F.  boils, 
and  gives  offgas ;  in 
R.F.  fuses  quietly. 

Nearly  the 


P.W.  effervesces,  tu. 
mifled,    infusible 


C.  readily  reduced. 


O.F.  fuses  easily,  dear 
glass  becomes  milky 
byFL 

P.W.  yellowish  glass, 
colour  flies  on  cool- 
ing; on  C, glass 
bubbles,  Cadmium 
reduced,  sublimes 
and  leaves  yellow 
oxide. 

OJ*.  dull  red  glass,  be- 
comes  dear  and  yd- 
lowish  or  colourless 
by  cooling. 

C.  and  R.  F.  bottle- 
green  glass,  or  bluish 
green. 

Fuses  readily,  deep 
blue  glass. 

O.  F.  orange  yellow ; 
or  reddish  glass ;  be- 
comes yellow,  or 
nearly  colourless^on 
coding. 


O.  F.  colourless  glass.  O.  F.  yellowisfa-bTOwn 
R.  F.  parUy  reduced,     glass,  hot;  colour- 
muddy  greyish  glass,     tess,  but  not  quite 
dear,  cdd. 
R.F.  dear  and    co- 
lourless  glass,  hot ; 
opaque  and  greyish 
black,  cdd. 
Fuses  with  great  diffi-Us  with  borax, 
culty ;  permanently 
dear  glass. 


Dissolves  in  lazge 
quantity,  clear  glass; 
on  cooling,  milk 
white. 


Similar  to  borax. 


The  same,  the  colour 
appears  violet  by 
candle  light. 

As  with  bonx,  but  the 
colour  flies  almost 
wholly  on  cooling, 
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Heated  with  Fluxes.        Salt  op 

Absat. 

SOOA. 

BOVLAX, 

PHOaPHOE08. 

Oxide  of  Lead* 

P.  W.  dear  glaM ;  be- 

P.W.  dear  glass;  yel- 

Clear  tfJonrtos  glass. 

comes  yeUowiah  and 

low»  hot;  on  cooling. 

C.  iutamly  reduoed. 

colourless. 

[G.  flows  over  the  sur- 

face ancl  rectocc& 

Oxide  of  Gi^per 

P.  W.  fine  green  glass. 

O.F.  fine  gresn  glaaa. 

O.  F.siinilar  to  bans 

hot ;  on  cooling,  co- 

which in  R.F.  be- 

R.  F.  ghtts,   usually 

lourless  and  opaque. 

comes      oolourlesB, 

red,     ops«pie,  and 

C  absorbed    and   re- 

hot; but  dnnabar- 

likeancnameL 

duced. 

red,     and     opaque 

Meccury 

Oxide  of  SUva 

when  solid. 

O.F.   glass   beoomes 

O.  F.  yellowWi  glass 

milky,  or  opaline, 

on  cooling. 
R*F.  grqrira. 

ted  light  by  day,  b7 
candlelight  ledditlL 
R.  F.  greyish. 

OoUL 

PladDa 

Iridium 

Rhodium 

Palladium 

Assay. 

With  other  Reaoevts. 

Reua&xs. 

Alkalis 

N.  C.    a   globule   of   dififerent 
shades  of  red;  colour  flies  on 
cooling. 

N.  C.  exhibit  a  blade,  or  greyish- 
black  adoar;  do  not  fnae. 

N.  C.  black  or  dark  grey  mass, 

infusible. 
N.  C.  flesh  colour  when  quite 

cold. 
N.  C.  fine  blue  glass,  with  strong 

heat  when  cold. 
N.  C.  black  or  dark  grey  mass. 

The  aOcaRs  are  not  readily  dis- 

tinguidiable  by  the  blowpipe. 
Lithia  leaves  a  dufl  yeDow 
stain,  when  heated  to  redness 
on  platina  foiL  Ammonia  tdaj 
be  known  by  heating  the  assay 
with  soda;  it  gives  off  spun- 
gent  vapour,  ^'ch  tana  the 
yellow  colour  of  moistened  tur- 
meric paper  brown. 

f 

: 

Hydrate. V 

Carbonate 1 

Stiontita j 

Hydrate 

Carbonate 

Lime ' 

Carbonate ' 

Magnesia. 

Alumina  .••••.••.... 

Oludna 

Yttria 

Ziiconia 

Silica 

MdybdicAcid 

The  blue  colour  is  only  distinctly 
seen  by  daylight. 

N.  C.  blue  glass  when  perfectly 
fused. 

The  part  not  perfecdy  fiised  with 
nitrate  of  cobalt  has  a  reddish- 
blue  disagreeable  colour. 

In  the  inclined  glass  tube,  foses, 
gives  off  vapour,  which  con- 
denses partly  on  the  tube  as « 
white  powder,  partly  on  the 
assay  in  brilliant  pale  yellow 
o^stala.                       -     ^ 
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TungstieAdd. 


Assay. 


With  other  Reaoekts* 


Oxide  of  Cfanxne 
Antiinimj 


Oxide  of  Antimony) 

AnOmoniMs  Atii.  V 

Antmume  Add  .  •  } 

Oxide  off  TeUurium  ••  • 


Oxide  of  Goliimliiiiiii 
Oxide  of  Titanimn ... 

OzideB  tvf  UiBoiani 
Oxidet  of  Cerimn 
Oxide  of  MangiDew . 


Oxide  of  Zinc 
Oxide  of  Gadmitim 
Oxide  of  Iran 


N.  C.  UAck  or  greyish  black. 


Oxide  of  ColMdt 

Oxide  of  Nickel 
Bbmntfa  • .  • « 


Oxide  of  BUmnth 
Oxides  of  Tin 
Oxide  of  Lead 
Oxide  of  Copper 


With  subovlMXMMe  of 
black  d^ass  when  cold. 


Oxide  of  SUtct 

Gold ^ 

Pbtiaa i 

Indinni V 

Rhoditnn*. j 

PsUadiom J 


Remarks. 


[f  tnngsdc  add  oontain  iron,  the 
e^  with  salt  of  phosf^boros 
is  Uood^nd  in  R.  F.  Tin 
makes  it  gpreen  or  blue. 

Antimony  does  not  sablime  at 
the  ftuing  point  of  glass.  On 
dnicoal  when  xei^  ignition 
continues  spootaneooily.  In  a 
tabe  open  at  both  ends,  it  gives 
off  white  iumes. 

C  The  oxide  and  adds  of  anti. 

<     mony  behave  alike  with  the 

I     fluxes. 

Metallic  teUurinm  heated  in 
giass  matrass,  first  gives  off 
vapour,  and  then  a  grey  metal, 
lie  sublimate  of  tcUorium.  In 
a  tube  open  at  both  ends,  emits 
abundant  fumes  which  oon. 
dense  m  a  whits  fusibie  pow- 
der. 

For  the  rest  of  the  phenomena 
see  the  orighial  w«. 


A  very  mmnte  portion  of  manga- 
nese gives  a  green  glaas  with 


The  reduction  of  iron  ttom  the 
peroodde  to  protoxide  is  fiidli* 
tated  by  tin. 


In  a  giasi  matran  does  not  sub- 
lime at  the  falsing  point  of 
glass.  In  an  open  tube  eearoely 
ffives  off  anj  ftimes;  the  metal 
beeomes  ooverad  with  a  duU 
brown  fused  oxide,  of  a  sl^t 
yellowish  tint,  when  oold. 


AH  the  compounds  of  mereury 
are  volatile;  mixed  with  tin  or 
iron  filings,  and  heated  in 
gilass  tube,  metallic  mercury 
distils  over. 

"These  metals  have  no  action  on 
the  fluxes,  which  can  only 
serve  to  delect  the  fbrdgn 
metals  Aevmay  be  eomUned 
with.  They  are  best  exa. 
mined  hj  cupeibtkm  with 
lead. 
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TTndcr  the  mineral  spedes  and  calculus, 
iheir  habitudes  with  ^e  blowpipe  are  given. 

Dr.  Robert  Hare,  Professor  of  Natural  Phi- 
losophy in  the  Univenity  of  PhiUdelphia, 
published,  in  the  first  volume  of  Bruce*8 
Mineralogical  Journal,  an  aooount  of  very  in- 
tense  degrees  of  heat,  which  he  had  produced 
and  directed  on  difl^rent  bodies,  by  a  jet  of 
Hame,  consisting  of  hydrogen  and  oxygen 
gases,  in  the  proportion  reqnitite  for  forming 
water.  The  gases  were  disduiged  from  sepa- 
iste  gaaometen,  and  were  brought  in  contact 
only  at  a  common  orifice  or  nozde  of  small 
diameter,  in  which  thefa:  two  tubes  terminated. 
In  the  first  number  of  the  Journal  of  Science 
and  Arts,  is  %  description  of  a  blowpipe  con. 
tiived  by  Mr.  Brooke,  and  executea  by  Mr. 
Newmann,  consisting  of  a  strong  iron  box, 
with  a  blowpipe  noszle  and  stop-cock,  for  re- 
gulating the  emission  of  air,  which  had  been 
preriously  condensed  into  the  box,  by  means  of 
a  syringe  screwed  into  its  top. 

John  C(eoEge  Children,  Esq.  first  proposed 
to  Sir  H.  Davy  the  application  of  Newmann's 
apparatus  to  the  mixture  of  oxygen  and  hy- 
drogen, immediatdy  after  Sir  H.  had  disco- 
vered that  the  explosion  from  oxygen  and  hy- 
drogen would  not  communicate  through  very 
«nall  apertures ;  and  he  first  tried  the  experi- 
ment himself  with  a  fine  glass  capillary  tube. 
The  flame  was  not  visible  at  the  end  of  this 
tube,  being  overpowered  by  the  briUiant  star 
of  the  glass  ignited  at  the  aperture. 

Dr.  Clarke,  after  being  informed  by  Sur  H. 
Davy  that  there  would  be  no  danger  of  explo- 
sion in  burning  the  compressed  gases,  by  suf- 
fering them  to  pass  through  a  fine  thermometer 
•tube  l-fiOth  or  an  inch  diameter,  and  three 
inches  in  length ;  commenced  a  series  of  ex- 
periments, which  were  attended  with  most 
important  and  striking  results.  By  the  sug- 
gestion of  Professor  Cumming,  there  has  been 
enclosed  in  the  iron  box  a  small  cylinder  of 
safety,  about  half  filled  with  oil,  and  stufied 
at  tqi  with  fine  wure  gauze.  The  condensed 
gases  must  pass  finom  the  large  chamber  into 
this  small  one,  up  through  the  oil,  and  then 
aaoas  the  gauze,  before  they  can  reach  the 
stop-cock  and  blowpipe  nozzle.  By  this  means, 
the  dangerous  explosions,  which  had  occurred 
so  frequently  as  would  have  deterred  a  less 
intrepid  experimenter  than  Dr.  Churke,  are 
now  obviated.  It  is  still,  however,  a  prudent 
precautioo,  to  place  a  wooden  screen  between 
the  box  and  the  operator.  The  box  is  about 
five  inches  bng,  four  broad,  and  three  deep. 
The  syringe  is  joined  to  the  top  of  the  box  by 
a  stop-cock.  Near  the  upper  end  of  the  sv- 
ringe,  a  screw  nozzle  is  fixed  in  it  at  right 
.angles,  to  which  the  stop-cock  of  a  bladder 
containing  the  mixed  gases  may  be  attached. 
When  we  wish  to  inject  the  gases,  it  is  proper 
to  draw  the  piston  to  the  top,  before  opening 
the  lower  stop-cock,  lest  the  fiame  of  the  jet 
should  be  socked  backward,  and  cause  explo- 


sion. It  is  likewise  necessary  to  see  ttiat  im 
little  explosion  has  dislodged  the  oil  from  the 
safety  cylinder.  A  bublwng  noise  is  heard 
when  the  oil  is  present.  A  dight  excess  of 
hydrogen  is  found  to  be  advantageous. 

Platinum  is  not  only  fused  the  instant  it  is 
brought  in  contact  with  the  flame  of  the  igrdted 
gases,  but  the  melted  metal  rans  down  in 
drops.  Dr.  Churke  has  finally  fnsed  the 
astonishing  quantity  of  half  an  ounce  at  oDoe, 
by  this  jet  oif  flame.  In  small  qQSDtitie&,  it 
bums  like  iron  wire.  Palladium  melted  like 
lead.  Pure  lime  becomes  a  wax-yellov  ritii- 
ficalion.  A  lambent  purple  fiame  alvays  ac- 
companies its  fusion.  The  fusion  of  magnesia 
is  tiSao  attended  with  oombustioo.  Strootites 
fused  with  a  flame  of  an  intense  smetfaystiDe 
cdour,  and  aflter  some  minutes  there  tppeaied 
a  small  oblong  mass  of  shining  metal  in  its 
centre.  Silex  histantly  melted  into  s  deep 
orange>coloured  glass,  which  was  partly  vols* 
tilized.  Alumina  melted  with  great  npiditj 
into  globules  of  a  yellowish  transparent  glass. 
In  these  experiments,  supports  of  chanoal, 
platinum,  or  plumbago,  were  used  with  the 
same  effect  The  alkalis  were  fused  and  toIs^ 
tilized  the  instant  diey  come  in  contact  vith 
the  flame,  with  an  evident  appeanmce  of  com- 
bustion. 

The  following  refractory  native  compoonds 
were  fused.  Rock  crystd,  white  quartz, 
noble  opal,  flint,  calcedony,  Egyptian  ja^* 
zircon,  spinelle,  sapphire,  topaz,  qrmcnihBne, 
pycnite,  andalusite,  wavellite,  rubellite,  hjiKr- 
stene,  cyanite,  talc,  serpentizie,  hyalite,  Issalitc, 
gadoUnite,  leucite,  apatite,  Peruvian  emenki, 
Siberian  beryl,  potstone,  hydrate  of  magnesia, 
subsulphate  of  alumina,  pagodite  of  China, 
Iceland  spar,  common  cfaalk,  Airsgoaite, 
diamond. 

Gold  exposed  on  pipe-day  to  the  flame  was 
surrounded  with  a  hah  of  a  lively  rose  colour, 
and  soon  volatilized.  Stout  iron  wiie  was 
rapidly  burned.  Plumbago  was  fused  mto  a 
magnetic  bead.  Red  oxide  of  titanium  fused, 
with  partial  combustion.  Red  ferriferous  cop- 
per blende,  oxides  of  platinum,  grey  oxide  of 
manganese,  crystallized  oxide  of  manganes^i 
wolfram,  sulphuret  of  molybdenum,  siliceo- 
calcareous  titanium,  black  oxide  of  cobalt, 
pechblende,  silidferous  oxide  of  cerium,  dno- 
mate  of  iron,  and  ore  of  iridium,  were  all,  ex- 
cept the  second  last,  reduced  to  the  metaDic 
state,  with  peculiar,  and  for  the  most  part, 
splendid  phenomena.  Jade,  mica,  amianthas, 
asbestus,  mdt  like  wax  before  this  potent 
flame. 

But  the  two  most  surprising  of  Dr.  darkens 
experiments  were  the  fusion  of  the  meteoric 
stone  from  L*Aigle,  and  its  conveision  into 
iron  ;  and  the  reduction  of  bariumt  firom  the 
earth  barytes  and  its  salts.  Seme  mtiate  of 
barytes,  put  into  a  cavity,  at  the  end  ctf*  * 
stick  of  charcoal,  was  exposed  to  the  ignited 
gas.    It  fused  with  vehement  ebullidon,  snd 
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iNlBilfe  ^obnkfi  were  deatriy  diaeemible  in 

the  midtt  of  the  boiKng  fluid,  suddenly  fann- 
ing, and  as  suddenly  disappearing.  On  cfaed^- 
ing  the  flame,  the  cavity  of  the  chaiooal  was 
studded  over  with  innumerable  globules  of  a 
metal  of  the  most  brilliant  lustre  and  white- 
ness, resembling  the  purest  platinum  after 
fusion.  Some  globolei  were  detached  and 
dropped  into  naphtha,  where  thej  retained  for 
some  time  their  metalHc  aspect.  Their  specific 
gravity  was  4.00. 

Dr.  Clarke  fused  together  a  bead  of  barium 
and  one  of  platinum,  each  wei{^ung  one  grain. 
The  bronze-coIourBd  alk^  weighed  two  grains, 
liroving  a  real  comUnaidon.  The  aUoy  of 
barium  and  inn  is  Uadc  and  brittle.  Barium 
is  iniosible  before  the  blowpipe  per  «e  ;  but 
with  borax  it  dissolves  like  barytes,  with  a 
diryaolite-green  colour,  and  diackning  metallic 
luatre  to  tke  file.  The  alloy  of  barium  and 
eopper  is  of  a  vermilion  colour.  Wlien  silex 
ia  noixed  iDto  a  passe  with  lamp-oil,  and  ex- 
posed on  a  cavity  of  cfaarooal  to  the  flame,  it 
runs  readily  into  beads  of  various  ooUhus.  If 
these  be  healed  in  contact  with  fatm,  an  alloy 
of  sflicom  and  iron  is  obtained,  which  di»L 
doses  a  meteliic  snriaoe  to  the  file.  Magne- 
Bxom  ttd  iron  may  be  alloyed  in  the  same 
way. 

By  using  ftom  two  to  three  volumes  of 
hydrogen  to  one  of  oxygen,  and  directing  the 
flame  on  pure  barytes,  supported  on  pincers 
cf  date,  Dr.  Clarke  apparently  revived  barium 
in  laiger  quantiries,  so  as  to  exhibit  its  quaU. 
ties  ibr  some  tfane.  It  gradually,  however, 
passes  sgain  into  pure  bsrytes.  Muriate  of 
ibodini^  placed  in  a  diarcoal  crudble,  yielded 
4ie  nJp  riiodium,  brilliant  like  pUuinum. 
It  B^leable  on  the  anviL  Oxide  of  nra- 
lonm,  htm  Cornwall,  was  also  reduced  to  the 
Bftalfie  state. 

It  is  now  generally  believed,  that  Dr. 
Oaike  bad  been  mistaken,  with  regard  to  the 
reduction  of  barytes  to  the  metallic  state ;  and 
that  die  gUbttles  which  he  formed,  owed  their 
histre  and  polish  to  the  fusion  which  the  earth 


We  sImU  conclude  this  artide  by  the  foU 
lowmg  experiment  of  Dr.  Clarke's  t  If  you 
take  two  pieces  of  tin-foil  and  platinum-foil  of 

Sdimen^ons,  snd  ndl  them  toge^ier,  snd 
die  roll  upon  charoosl,  and  direct  the 
of  a  candle  cautkmsly  towards  the  edges 
of  the  roll,  at  about  a  red  heat,  the  two  metals 
win  combine  with  a  sort  of  explosive  force, 
soBtterin»  their  melted  psrtides  off*  the  char- 
coal,  and  emittmg  lidit  and  heat  hi  a  very 
surprising  manner.  Then  there  wiU  remam 
npoo  the  cfasreoal  a  film  of  glass,  which,  by 
further  raging  the  flame  towwds  it,  will  melt 
into  a  faii^y  tnnspaient  globuls  of  a  sapphire- 
Uae  eolomr.  Also  if  the  platamm  and  tin  be 
pheed  beside  eadi  other,  as  soon  as  the  pU- 
toiun  beesmes  healed,  yon  will*  observe  a 
besntiliil  play  •f  bine  li^t  upon  the  soriace 


of  the  tin,  becoming  highly  iridescent  before 
it  melts. 

BLUE  (PRUSSIAN).  A  combination  of 
oxide  of  iron  with  cyanogen.  See  Acid 
(Pbubsic),  and  Irok.  , 

BLU£  (SAXON).  The  beat  Saxon  Une 
cokiur  may  be  given  by  the  foUowmg  compo- 
sition: 

Mix  one  ounce  of  the  best  powdered  indigo 
with  four  ounces  of  sulphuric  add,  in  a  glus 
bottle  or  matrass,  and  digest  it  for  one  hour 
with  the  heat  of  bdling  water,  shaking  the 
mixture  at  difierent  times:  then  add  twdve 
ounces  of  water  to  it,  and  stir  the  whole  weU, 
and  when  grown  cold  filter  it 

Mr.  Poemer  adds  one  ounce  of  good  dry 
potash  at  the  end  of  twenty-foux  hours,  and 
lets  this  stand  as  much  longer,  before  he 
dilutes  it  with  water.  The  cloth  should  be 
prepared  with  alum  and  tartar. 

BOO  ORE&  Sae  Orks  of  Irox. 
BOLE.  A  massive  mineral,  having  a  per- 
fectly coochoidal  fracture,  a  glimmering  in- 
ternal lustre,  and  a  shining  streak.  I ts  cdoun 
are  ydlow-red,  and  brownish  black,  when  it 
is  cfdled  mountam  soap.  It  is  tianduoent  or 
opaoue.  Soft,  so  as  to  be  easily  cut,  and  to 
viela  to  the  nail*  It  adheres  to  the  tongue, 
has  a  gressy  fed,  and  falls  to  pieces  in  water. 
Sp.  grav.  1.4  to  a.  It  may  be  polished.  If 
it  be  immersed  in  water  alter  it  is  dried,  it  falls 
asunder  with  a  crackling  noise.  It  occurs  in 
wacke  and  basalt,  in  Silesia,  Hcsda,  and 
Sienna  in  Italy,  and  also  in  the  difls  or  the 
GiBnt*8  Causeway,  Ireland.  The  black  va- 
riety is  found  in  the  trap  rocks  of  the  Isle  of 
Sky. 

BOLOONIAN  STONB.  Lemeiy  ra. 
ports,  that  an  Italian  shoemaker,  named  Vin* 
eensoCasdarolo,  firstdiscovereddiephosphoric 
property  of  the  Bokiguhui  stone.  It  is  the 
ponderous  spar,  or  native  sulphate  of  barytes. 
If  it  be  first  heated  to  ignition,  then  findv 
powdered,  and  made  into  a  paste  with  muci" 
lage;  and  this  paste,  dirided  into  pieces  a 
quarter  of  an  inch  ^ick,  and  dried  in  a  mo- 
derate heat,  be  exposed  to  the  heat  of  a  wind 
furnace,  by  placing  them  loose  in  the  midstof 
the  charcoal;  a  pyrophorus  will  be  obtained, 
whidi,  after  a  few  minutes*  exposure  to  the 
sun*s  rays,  will  give  light  enough  in  the  dark 
to  render  the  figures  on  the  dial-plate  of  a 
watch  visible. 
BOLETICACID.  See  Acid  (BoLS tic). 
BOLETUS.  A  genus  of  mushroom,  of 
which  seieral  spedes  have  been  subjected  to 
chemical  examinatum  by  MM.  Braconnot  and 
Bouillon  LaCrrange. 

1.  Boktutjvglandit^in  1200  parts,  yielded 
mas  water,  05.68  fUngm,  ISanimal  matter 
faisoluble  in  alcohol,  12  osfoaiome.  7-2  vege- 
table albumen,  6  fungate  of  potash,  1.2  adi- 
pocere,  1.12  dly  matter,  0.5  sugar  of  mush- 
rooms, and  a  trace  of  phosphate  of  potash. 

2.  BoletHt  larkisj  used  on  the  cqptinent  in 
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mediciiie  under  the  name  of  agaric.  It  is  in 
white,  light,  friable  pieces,  of  which  the  outside 
is  like  dark.4:oIouied  leather.  Its  taste,  at 
firyt  sweetish,  soon  passes  into  bitterness  and 
acrimony.  Its  infusion  in  water  is  yellowish, 
sweet  tasted,  and  reddens  regeuble  blues.  It 
contains  muriate  of  potash,  sulphate  of  lime, 
and  sulphate  of  potash.  Water  boiled  on  agaric, 
becomes  gelatinous  on  codling ;  and  if  the  water 
be  dissipated  by  evaporation,  ammonia  is  ex- 
haled by  the  addition  of  lime.  Resin  of  a 
yellow  colour,  witli  a  bitter- sour  taste,  may  be 
extracted  from  it  by  alcohoL  It  yields  bsn- 
soic  add,  by  Schede*s  process.  The  strong 
acids  act  wiUi  energy  on  agaric,  and  the  nitzie 
evolves  oxalic  add.  Fixed  alkalis  convert  it 
inio  a  red  jdly,  which  emits  an  ammoniacal 
smelL 

3.  £o2r/itf^,gmaHitf  is  found  m  most  coun^ 
tries,  and  particularly  in  the  Highlands  of 
Scotland,  on  the  trunks  of  old  ash  and  other 
trees.  The  French  and  Germans  prepare  it 
abundantly  for  making  tinder^  by  boiling  in 
water,  drying,  beating  it,  and  steeping  it  in  a 
solution  of  nitre,  and  again  drying  it.  In 
France  it  is  called  amadou^  in  this  country 
Gtmwn  tinder.  It  has  been  recommended 
in  surgery,  for  stoppmg  hsemonhage  from 
wouoda.  It  imparts  to  water  a  deep  brown 
colour,  and  an  astringent  taste.  The  liquid 
consists  of  lime,  muriate  of  potash,  and  a  brown 
extractive  matter.  When  the  latter  ia  evapo- 
rated to  dryness,  and  burned,  it  leaves  a  good 
deid  of  potash.  Phosphates  of  lime  and  mag- 
nesia, with  some  iron,  are  found  in  the  inso- 
luble  matter.  Alkalis  convert  it  witlv  some 
difficulty  into  a  soapy  liquid,  exhaling  am- 
monia. No  benzoic  acid,  and  little  animal 
matter,  are  found  in  this  boletus. 

4.  Boletut  pseudo-iffniatius^  yielded  to 
Braoonnot,  water,  fungin,  a  sweetish  muci- 
lage, boletate  of  potash,  a  yellow  fatty  matter, 
vegetable  albumen,  a  little  phosphate  of  pot- 
ash»  acetate  of  potash,  and  fungic  add  com- 
bined with  a  base. 

6.  Boletfu  vitcidvs  was  found  by  Braconnot 
to  be  composed,  in  a  great  measure,  of  an 
animal  mucua,  which beooincs  cohesive  by  heat, 

BONE.  The  bones  of  men  and  ouad- 
ni|jeds  owe  their  great  firmness  and  sclidity 
to  a  considerable  portion  cf  the  phosphate  m 
lime  which  they  contain.  When  these  are 
rasped  small,  and  boiled  in  watLr,  they  afford 
gelatinous  matter,  and  a  portion  of  fat  or  oil» 
which  occupied  their  interstices. 

Calcined  human  bones,  according  to  Ber- 
lelius,  are  composed,  in  100  pans,  of  81.9 
phosphate  of  lime,  3  fluate  of  Ume,  10  limc^ 
1.1  phosphate  of  msgnesia,  2  soda,  and  2  car- 
bonic  acid.  100  parts  of  bones  by  caldnation 
are  reduced  to  03.  Fourcroy  and  Vauoodin 
found  the  following  to  be  tKe  composition  of 
100  parts  of  ox  bones  :  51  solid  gelatin,  37-7 
phosphate  of  lime,  10  carbonate  of  Ume,  and 
1.3  phosphate  of  magnesia;  but  Boodiua 


gives  the  foUowfaig  aa  their  oonstitiients  :  3S.3 
cartilage,  55.35  phosphate  of  lime,  3  fluate 
of  lime,  3.85  carbonate  of  lime,  2.05  phos- 
phate of  magnesia,  and  2.45  soda,  with  a  little 
common  sah. 

About  1.30th  of  phosphate  of  magnesia 
^aa  obtained  from  the  caldned  bones  of  fowls, 
by  Fourcroy  and  Vauqudln.  When  the 
enamd  of  teeth,  rasped  down,  is  dissdlTed  ia 
muriatic  add,  it  leaves  no  albumen,  like  the 
other  bones.  Fourcroy  and  Vaoquelin  state 
its  components  to  be  27*1  gelatin  and  water, 
72  9  phosphate  of  lime.  Messrs.  Hatcbett 
and  Pepys  rate  iu  composition  at  78  phoa- 
phate  of  linoe,  6  carbonate  of  lime,  and  16 
water  and  lots.  Berzelius,  oa  the  other  hand, 
found  only  2  per  cent,  of  combnstibk  m&tter 
in  teeth.  The  teeth  of  adults,  by  Mr.  Pepys, 
consist  of  64  phosphate  of  lime,  6  carboouUe 
of  lime,  20  cartilage,  and  10  water  or  Iocs. 
The  fossil  bones  from  Gibraltsr,  are  composed 
of  phosphate  of  lime  and  carbonate,  Hke  burnt 
bones.  Much  diflference  of  opinion  exists  with 
r^ard  to  the  existence  of  fluoric  add  in  the 
teeth  of  animals,  some  of  the  most  eminent 
chemists  taking  opposite  sides  of  the  questioD. 
It  appears  that  bones  buried  for  many  cen- 
turies still  retain  their  albumen,  with  Tery 
little  diminution  of  its  quantity. 

Fourcn>y  and  Vaaquelin  diacovend  phos- 
phate  of  magnesia  in  all  the  booes  they  ez^ 
mbed,  except  human  bones.  The  bones  of 
the  horse  and  sheep  afford  about  1-S6di  of 
phosphate  of  magnesia;  those  of  fish  nearly 
the  same  quantity  as  those  of  the  ox.  Thej 
account  for  this  by  observing,  that  phosphate 
of  magnesia  is  found  in  the  urine  of  man,  hut 
not  hi  that  of  animals,  though  both  equally 
take  in  a  portion  of  magnesia  with  their  food. 

The  experiments  of  Mr.  Hatchelt  show, 
that  the  membranous  or  csrtilaginoos  sub- 
stance, which  retains  the  earthy  salts  within 
its  inteistices,  and  appean  to  determine  the 
shape  of  the  bone,  is  albumen.  Mr*  Hatcbett 
observes,  that  the  enamel  of  teeth  is  analogous 
to  the  porcellanous  shells,  while  mothez-of- 
pearl  approadies  in  its  nature  to  true  bone. 

A  curious  phenomenon  with  respea  to  boocsr 
is  the  drcumstance  of  thdr  acquiring  a  red 
tinge,  when  madder  is  given  to  f"TT"n^«  with 
thdr  food.  The  bones  of  young  pigeons  will 
thus  be  tinged  of  a  rose  colour  in  twenty-fooi 
hours,  and  of  a  deqp  scarlet  in  three  days ; 
but  the  bones  of  adult  anhnals  will  be  a  fort, 
night  in  acquiring  a  rose  cdloor.  The  boocs 
most  remote  from  the  heait  are  the  loQgeet  in 
acquiring  this  tinge.  Mr.  Oibaoo  iaibiais  us, 
that  extract  of  logwood  too,  in  considwabls 
quantity,  will  tinge  the  bones  of  young  pigeons 
purple.  On  desisting  from  the  use  of  this 
rood,  however,  the  f^**wriiy  matter  is  agsin 
taken  up  into  the  dicolation,  and  earned  «fli 
the  bonea  regaining  their  natural  hae  in  a 
short  time.  It  was  said  by  Da  Hanel,  that 
the  bones  would  beocme  coloared  and  cobur* 
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Urn  m  oonemtrie  layers,  if  an  aninoail  wented 
altonateiy  one  week  with  madder,  and  one 
veek  withoQt;  and  hence  he  infenred,  that 
the  banes  were  fonned  in  the  same  manner  as 
the  woody  narts  of  trees.  But  he  was  mis. 
taken  in  the  faet;  and  indeed  had  it  been 
irae,  with  the  inference  he  naturally  draws 
fiom  it,  the  bones  ot  animals  must  have  been 
dot  of  all  proportion  laiger  than  they  are  at 
present. 

Bones  are  ot  extensive  use  in  the  arts.  In 
their  natural  state,  or  dyed  of  various  colours, 
th^  are  made  into  handles  of  knives  and  forks, 
and  numerous  articles  of  turnery.  We  have 
ilready  noticed  the  manufacture  of  voUiHle 
aOuH  from  bones,  the  coal  of  which  forms 
bone-black ;  or,  if  they  be  afterwards  calcined 
to  whitoieas  In  the  open  air,  they  constitute 
the  bone  ashes  of  whidi  cupds  are  made,  and 
which,  findy  lev^ted,  are  used  for  cleaning 
aiticil»  of  paste,  and  some  other  trinkets,  by 
the  nmxae  of  burnt  hartshorn.  The  shavings  oif 
hartshorn,  which  is  a  species  of  bone,  afibrd 
•n  elegant  jdty ;  and  tlie  shavings  of  other 
bones,  of  which  those  of  the  calf  are  the  best, 
are  often  employed  in  ^eir  stead. 

On  this  principle,  Mr.  Proust  has  reoom- 
mended  an  eoonomical  use  of  bones,  particu- 
hriy  with  a  view  to  improve  the  subsistence 
of  tibe  soldier.  He  first  chops  them  into  small 
pieces,  duows  them  into  a  kettle  of  boiling 
vatct,  and  lets  them  boil  about  a  quarter  5 
an  hour.  When  this  has  stood  till  it  is  cold, 
a  fjoantity  of  fiit,  excellent  for  culinary  pur- 
poses irtien  ftesh,  and  at  any  time  fit  for 
nakiQg  candles,  may  be  taken  off  the  liouor. 
This  in  some  iostsnoes  amounted  to  an  eighth, 
aad  in  others  even  to  a  fourth,  of  the  weight 
flf  the  bones.  After  this  the  bones  may  be 
iraond,  and  boiled  in  eight  or  ten  times  their 
weight  of  water,  of  which  that  already  used 
Bmf  fonn  a  part,  tin  about  half  is  wasted, 
when  a  very  nntritioas  jelly  wHl  be  obtained. 
The  boiler  should  not  be  of  copper,  as  this 
metal  ia  easiiy  dissdved  by  the  jeUy ;  and  the 
cover  should  fit  very  tig^t,  so  that  the  heat 
may  be  greater  than  that  of  boiling  water,  but 
Boc  equal  to  that  of  Papin's  digester,  which 
would  give  it  an  empjrrenma.  The  bones  of 
meat  tMt  have  been  boiled  are  nearly  as  pio- 
^aetive  as  fttah  bones ;  but  Dr.  Young  found 
those  of  neat  tiiat  had  been  roasted  i^Kirded 
OS  jelly,  at  least  by  sfanmering,  or  g«ntle 


>RACIC  ACID.  See  Acid  (Bo- 
SACic).  This  add  has  been  found  native  on 
tbe  ed^  of  hot  innings,  near  Sapo  in  the  ter- 
rittiry  of  Florenoe ;  also  attached  to  specimens 
fnm  d»  Umn  Idands,  and  ftom  Monte 
RoCflDdtt,  tone  west  of  Sienna.  Itis  m  small 
peufy  soles,  and  also  massive,  ftising  at  the 
nane  of  a  candle  into  a  glassy  globule.  lit 
esndsts,  by  Klapioth*s  analysis,  of  86  boradc 
add,  11  fermgfaioas  sulphate  of  manganese, 
aodSndphaieoflhne. 


BOR  ACITE.  Borate  of  magnesia.  It  is 
found  in  cubic  crystals,  whose  fracture  is  un- 
even,  or  imperfectly  conchoidaL  Shining 
greasy  lustre;  translucent:  so  hard  as  to 
strike  fire  witli  steel ;  of  a  yellowish,  greyish, 
or  greenish-white.  Sp.  gtav.  2-56.  It  be- 
comes dectric  by  heat;  and  the  diagonally 
opposite  solid  angles  are  in  opposite  electriod 
states.  It  fuses  into  a  yellow  enamel,  after 
emitting  a  greenish  light. 

Vauquelm*s  analysis  gives,  83-4  boradc 
add,  axM  16.6  magnesia.  It  occurs  in  gyp- 
sum in  the  Kalkberg  in  the  duchy  of  Bruns- 
wick, and  at  Segeberg,  near  Kid  in  Holstem. 

BORATE.  Salts  composed  wiih  Boradc 
Add. 

BORAX.  The  origin  of  borax  was  for 
a  long  time  unknown  in  Europe.  Mr.  Grill 
Abrahamsoo,  however,  sent  some  to  Sweden 
in  the  year  1772,  in  a  crystalline  form,  as 
dug  out  of  the  earth  in  Thibet,  where  it  is 
called  Pounnxa,  Mypoun,  and  Houipoun; 
it  is  said  to  iiave  been  also  found  in  Saxony, 
in  some  coal  pits. 

It  does  not  appear  that  borax  was  known 
to  the  ancients,  tneir  chrysocolla  being  a  very 
different  substance,  composed  of  the  rust  oif 
copper,  triturated  with  urine.  The  word 
borax  is  found  for  the  first  time  in  the  works 
ofOeber. 

Borax  is  not  only  found  in  the  East,  but 
likewise  in  South  America.  Mr.  Anthony 
Carera,  a  physician  established  at  Potosi,  in- 
forms us,  that  this  salt  is  abundantly  obtained 
at  the  mines  of  Requintipa,  and  tliose  in  the 
neighbourhood  of  Escapa,  where  it  is  used  by 
the  natives  in  the  fusion  of  copper  ores. 

The  purification  of  borax  by  the  Venetians 
and  the  Hollanders,  was  for  a  long  time  kept 
secret  Chaptal  finds,  after  trying  all  the 
processes  in  the  large  way,  that  the  simplest 
method  oonststs  in  boiling  the  borax  strongly, 
and  for  a  long  time,  with  water.  This  solw. 
tk>n  being  filtered,  afibrds  by  evaporation 
crystals,  which  are  somewhat  foul,  but  may 
be  purified  by  repeating  the  operatbn. 

Purified  borax  is  white,  oansparent,  rather 
greasy  in  its  fracture,  affecting  the  form  of 
six-sided  prisms,  terminatuig  in  three-sided 
or  six-sided  pyramids.  Its  taste  is  styptic; 
it  converts  syrup  of  violets  to  a  green;  and 
when  exposed  to  heat,  it  swells  up,  boils, 
loses  its  water  of  crystallization,  and  becomes 
converted  into  a  porous,  white,  opaque  mass, 
commonly  called  Caldned  Borax.  A  stronger 
heat  brings  it  into  a  state  of  quiet  ftunon; 
but  the  glassy  substance  thus  afforded,  which 
is  transparent,  andofagreenish-yellowoolour, 
is  soluble  in  water,  and  effloresces  in  the  air. 
It  requires  about  eighteen  times  its  weight  of 
water  to  dissolve  it  at  the  temperature  of  sixty 
degrees  of  Fahrenheit ;  but  water  at  the  bofl- 
ing  heat  dissolves  three  times  this  Quantity. 
Ita  component  parts,  according  to  Kirwan, 
are,  boradc  add  34,  soda  17,  water  47.    For 
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an  account  of  the  neutral  borate  of  soda,  and 
other  compounds  of  this  acid,  see  Acid  (Bo- 

KACIC). 

Borax  is  used  as  an  ezceOent  flux  in  dod- 
mastic  operations.  It  enters  into  the  compo- 
sition of  reducing  floxea,  and  is  of  the  greatest 
use  in  analysis  by  the  blowpipe.  It  may  be 
applied  vnth  advantage  in  glass  manufactories ; 
for  when  the  fusion  turns  out  bad,  a  small 
quantity  of  borax  re-establishes  it  It  is  more 
especially  used  in  soldering;  it  assists  the 
fusion  of  the  solder,  causes  it  to  flow,  and 
keeps  the  surface  of  the  metals  in  a  soft  or 
clean  state,  which  facilitates  the  operation. 
"^  'Wt  is  scarcely  of  any  use  in  medicine.  Its  add, 
called  sedative  salty  is  used  by  some  physidans; 
and  its  name  suflidently  indicates  its  supposed 
effects.  Mixed  with  shell  lac,  in  the  pro- 
portion  of  one  part  U>  five,  it  renders  the  lac 
soluble  by  digestion  in  water,   heated  near 


BORON.  The  combustible  basis  of  bo- 
radcacid. 

The  easiest  and  most  economical  method  of 
preparing  boron,  is  to  decompose  an  alkaline 
borofluate  by  potassium.  For  this  puxpose, 
borofluate  of  potash  is  formed  by  nuxing 
fluatc  of  potash  with  a  solution  of  borate  of 
potash.  The  borofluate  falls  in  a  gelatinous 
predpitate,  which  by  desiccation  assumes  the 
form  of  a  fine  mealy  white  coloured  powder. 
Its  taste  is  weakly  bitter,  but  not  at  all  add, 
nor  does  it  redden  litmus  paper.  It  is  an- 
hydrous. 100  parts  of  water  dissolve  only 
1.42  of  this  rait;  but  boiling  water  dissolves 
it  in  considenbly  larger  quantity.  It  is  slightly 
.  soluble  also  in  boiling  alcohol.  When  ignited 
it  fuses,  and  sives  off  fluoboric  add  gas ;  but 
for  complete  decomposition  it  requires  a  much 
longer  oontioued,  and  more  violent  heat  than 
the  corresponding  salt  of  silica  (fluo-silicatc  of 
potash).  The  borofluate  is  soluble  in  boiling 
Aot  solutions  of  the  alkalis  and  their  carbon* 
•(tes,  and  as  the  liquid  cools  it  oystallizes 
■gain  unaltered.  As  bonidc  acid,  even  by 
protracted  fusion,  cannot  be  completely  de- 
prived  of  water,  and  as  it  absorbs  an  additional 

Quantity  during  pulverization,  a  rather  violent 
etonation  is  thereby  caused  during  the  re- 
duction of  boracic  add  by  potassium ;  so  that 
a  portion  of  the  mixture  is  in  general  pro- 
jected firom  the  crucible.  On  the  contrary, 
when  the  borofluate  of  potash  has  been  suf- 
ficiently dned,  the  sound  at  the  instant  of  re- 
duction is  scarcely  audible,  and  for  every  atom 
of  potassium  expended  we  obtain  the  oorre- 
sponding  quantity  of  boron.  The  boron  must 
be  wen  washed  with  a  solution  of  sal  am- 
moniac, and  finally  with  alcohol,  because  when 
pure  water  is  employed  for  this  purpose,  a 
considarable  quantity  passes  in  the  dissolved 
state  through  the  filter. 

Sulphuret  of  bororu  Boron  is  capable  of 
fomiing  a  sulphuret,  but,  contrary  to  what 
has  been  hitherto  supposed,  no  combination 


takes  place  between  the  two  substances,  except 
in  a  temperature  grcady  exceeding  the  boiling 
point  of  sulphur.  It  takes  fire  and  bums 
when  strongly  ignited  in  the  vapour  of  sul- 
phur. The  sulphuret  is  a  white  opaque  mass. 
When  put  into  water  it  is  rapidly  converted 
into  sulphuretted  hydtogen  gas  and  botacic 
add;  the  liquid  becomes  at  the  same  time 
more  or  less  milky,  in  consequence  of  the  pre- 
dpitation  of  sulphur.  Berzdius  is  led  to 
thinkt  that  boron  is  capable  of  combining  in 
several  distinct  proportions  with  sulphur. 

Chloride  of  boron.  Sir  H.  Davy  ascertained, 
that  boron  even  without  the  application  of  beat 
takes  fire  spontaneously  in  chuffioe  gas,  and 
undergoes  brilliant  combustion.  If  k  be  how- 
ever very  pure,  and  previously  ignited  ht  mm  o, 
no  combination  takes  place  whh  chlorine  till 
heat  be  applied.  The  product  of  the  com- 
bustion is  a  new  gas^  wnich,  in  contact  with 
the  atmospheric  air,  smokes  as  strongly  as 
fluoboric  add  gas.  It  must  be  collected  over 
mercury,  which  absorbs  the  exoeaiof  dilorine. 
This  gas  is  colourless,  and  in  consequence  of 
the  formation  of  muriatic  add  at  the  expense 
of  the  atnaospheiic  humidity,  it  has  a  strong 
suffocating  odour.  It  is  rapidly,  but  not  in- 
stantaneously, absorbed  by  water,  and  when 
the  proportion  of  the  water  is  smaH,  a  qooantity 
of  boracic  acid  is  deposited  upon  its  surfiuv. 
Alcohol  al.HO  dissolves  it,  and  acquires  the 
same  odour  of  ether  as  when  it  has  absoibed 
muriatic  add  gas.  Chloride  of  boron,  when 
mixed  with  ammoniacal  gas,  condenses  and 
forms  a  salt,  which  'may  be  sublimed  unal- 
tered, but  which  is  less  volatile  than  sal  am- 
moniac  If  the  salt  be  moistened  previously 
to  sublimation,  there  remains  a  quantity  of 
boracic  acid.  1  volume  of  the  gas  eoodenses 
1^  volume  of  ammoniacal  gas.  Chloride  of 
boron  is  composed  of 

Chlorine  -  -  90.743 

Boron  -  -  9.257 

Fluoric  acidy  unless  aided  by  mtxic  add,  nd- 
ther  oxidates  nor  dissolves  boron. 

M''hen  boron  is  ignited  with  an  alkalSne 
carbonate,  it  detonates  at  the  expense  of  the 
carbonic  add ;  and  when  it  is  ignited  with  the 
hydrate  of  a  fixed  alkali,  hydrogen  gas  »  dis- 
engaged with  efi^ervescence,  and  boiadc  add  is 
formed. 

In  the  properties  now  brought  under  review, 
boron  pouesses  so  dose  a  rewmblaoce  to  siH- 
dum,  that  the  two  substances  may  be  asso- 
dated  with  one  another,  in  the  same  manner 
as  arsenic  has  been  associated  with  phospho- 
rus, and  sdeniu m  with  sulphur.  The  affinities 
of  boron  are,  however,  stronger,  and,  in  the 
lower  temperatures,  mora  active  than  thoae  of 
silidum.  Thus  it  detonates  with  nitre  hi  s 
low  red  beat,  with  sodi  energy  that  die  ex- 
plosion may  be  comparod  almost  to  that  of 
gunpowder.  BerzelinSy  Annals  of  Phil,  iVT.  9. 
X.  129. 

AI.  Dumas  states,  that  a  mixture  of  borax 
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wd  cfaanoal  being  put  into  contact  with  dry 
chlorine  at  a  red  heat,  yielda  abundanoe  of 
the  chloride  of  boron.  He  took  advantage  of 
it  in  the  analysis  of  boradc  add;  for  when  it 
decomposes  water  ii  gives  muriatic  and  boradc 
scidsu  But  iu  most  important  property  is  that 
of  forming  a  solid  hydrate,  susceptible  of  being 
Bpduced  by  hydrogen  and  the  heat  of  a  spirit 
lamp;  it  becomes  muriatic  acid  and  boronj 
snd  in  this  way  the  latta  substance  may  be 
obtained  in  large  quandiies.  ^itn.  de  Chim. 
xxxl  433. 

BOTANV-BAV  RESIN  exudes  spon- 
taneously from  the  trunk  of  the  acaroU  rcH- 
nifera  of  A'ew  Holland,  and  also  from  the 
wounded  bark.     It  soon  solidifies  by  the  sniOi 
into  {neces  of  a  yellow  colour  of  various  sizes. 
It  pulvoiaes  easily  without  cakine ;  nor  does 
it  adbexe  to  the  teeth  when  chewed.    It  has  a 
slightly  sweet  astringent  taste.     It  melts  at  a 
moderate  heat  M''hen  kindlud»  it  emits  a  white 
fn^prant  smoke.    It  is  insoluble  in  water,  but 
imparts  to  it  the  flavour  of  storax.    Out  of 
miie  parlSy  sis  are  soluble  in  water,  and  astrin- 
gent lo  the  taste ;  and  two  parts  are  woody  fibre. 
BOTTLE  GLASS.    See  Glass. 
BOTRYOLITE  is  a  mineral  which  occurs 
in  mamillanr  concretions,  formed  of  concentric 
layers;    and  also  in  botroidal  masses,  white 
said  eaitfay.    Its  cdour  is  pearl  and  yellowish- 
grey,  with  sometimes  redmsh-whiic  concentric 
stipes.    It  has  a  rough  and  dull  surface,  and 
a  pearly  lustre  internally.     Fracture  ddicate, 
atdlular,  fibrous.    Translucent  on  the  edges. 
BritUe,  bat  moderately  hard.    Sp.  gr.  2.85. 
It  is  oQiniiKMed  of  3<i  suica,  39^  boradc  acid, 
13.5  Uooe,  1  oxide  of  iron,  6.5  water.     It 
fiotbs  and  fiisu  b^forp  tlie  blowpipe  into  a 
white  glass.    It  is  found  in  a  bed  of  gneiss 
near  Areodahl,  in  Norway.    It  is  regarded  by 
some  88  a  variety  of  datholite. 

BOULDER  STONES.  Rolled  Uocks of 
gnnite;  often  foond  in  valleys  at  a  great  dia- 
lance  frooi  the  granite  mountiiioB,  even  where 
lakes  and  mountains  of  another  structure  in- 
laTcoe.--See  the  Introduction  to  Conybeare 
and  PhUiip*s  Gedhgv  of  England  and  Walet^ 
pp.  2dand  30.  See  also  D'Aubuiuon,  Traiti 
de  Geogaow^  u  231.  and  Annakt  de  Chim, 
et  de  Phvs,  torn.  viL  and  x. 

BOURNONITE.  An  andmouial  sul. 
pboret  of  lead. 

BOVEY  COAL.  This  is  of  a  brown  or 
biDwnisb-black  colour,  snd  lamellar  texture ; 
tiK  laminse  are  frequently  flexible  when  first 
dii^  though  generally  they  harden  when  ex- 
poied  to  the  air.  It  consists  of  wood  pcne- 
tiated  with  petroleum  or  bitumen,  ana  !re- 
maently  contains  pyrites,  alum,  and  vitriol: 
tts  ashes  afford  a  small  quand^  of  fixed  al- 
kali, according  to  the  German  chemists ;  but 
according  to  Mr.  Mills,  they  contain  none. 
By  dbtillation  it  yields  an  ilUtmelling  liquor, 
niixcd  with  volatile  alkali  and  oil,  part  of 


which  it  soluble  in  aleohol,  and  part  insoluble, 
being  of  a  mineral  nature. 

It  is  found  in  EngUuid,  France,  Italy,  SwiU 
zcrlaod^  Germany,  icebnd,  &c 

BOYLE'S  FUMING  LIQUOR.  Hydro, 
guretted  sulphuret  of  ammonia. 

BRAIN  OF  ANIMALS.  Thcbra'mhas 
long  been  known  to  anatomists ;  but  it  is  only 
of  late  years  that  chemists  have  paid  it  any 
attention.  It  is  a  soft  white  substance,  cX  a 
pulpy  Kapoiuceous  feel,  and  little  or  no  smelL 
Exposed  to  a  gentle  heat»  it  loses  moisture, 
shrinks  to  about  a  fourth  of  its  original  bulk, 
and  becomes  a  tensdous  mass  of  a  greeniuh. 
brown  colour.  When  oomplettly  drieid,  it  be« 
comes  solid,  and  friable  like  old  cheese.  Es^ 
posed  to  a  strong  heat,  it  gives  out  ammonia, 
swells  up,  melts  into  a  black  pitchy  mass,  takea 
fire,  bums  with  much  flame  and  a  thick  pungent 
smoke,  and  leaves  a  coal  difficult  of  incineration. 

In  its  natural  state,  or  moderately  dried,  it 
readily  forms  an  emulsion  by  trituration  with 
water,  and  is  not  separated  by  filtration.  This 
soludon  lathers  like  soap-suds,  but  does  not 
turn  vegetable  blue  colours  green.  Heat  throws 
down  the  dissolved  brain  in  a  floccolent  fonn, 
and  leaves  an  alkaline  phoaphate  in  solution. 
Adds  separate  a  white  ooagulum  from  it ;  and 
form  salts  with  bases  of  lime,  soda,  and  am- 
monia.   Alcohol  too  coagulates  it. 

Caustic  fixed  alkalis  act  very  powerfully 
on  brain  even  cold,  evolving  much  ammonia 
and  caloric.  With  heat  they  unite  with  it  into 
a  saponaceous  substance. 

The  action  of  alcohol  oo  brain  is  most  re- 
markable.  When  Founaroy  treated  it  four 
times  in  succession  with  twice  its  weight  of 
well  rectified  alcohcl,  boiling  it  a  quarter  of 
an  hour  each  time,  in  a  loogp-necked  matraiiB 
with  a  grooved  stopple,  the  three  first  portions 
of  alcohol,  decanted  boiling,  deposited  by  cool- 
ing brilliant  laminie  of  a  yellowuih-white  co- 
lour, diminishing  in  quantity  each  time.  Tiw 
Iburth  deposited  very  little.  The  cere^al 
matter  had  lost  5-8ths  of  its  weight;  anA  by 
the  spontaneous  deposition,  and  the  subsequent 
evaporation  of  the  alcohol,  half  of  this  was  le. 
covered  in  ncedly  crystals,  large  scales,  or  gr%» 
nulated  matter.  The  other  half  was  lost  by 
volatilization.  This  crystallized  substance,  oif 
a  fatty  appearance,  was  agglutinated  into  a 
paste  under  the  finger;  but  did  not  melt  at 
the  heat  of  boiling  water,  being  merely  soft- 
ened. At  a  higher  temperature  it  suddenly 
acquired  a  blackLh-yellow  colour,  and  exhaled 
durinff  fUsion  an  empyreumatic  and  ammo* 
niacaf  smell.  This  shows  that  it  is  not  ana- 
logous to  spermaceti,  or  to  adipocere;  but  it 
seems  more  to  reaemble  the  fat  lameUated 
crvstals  contained  in  some  biliary  calculi, 
which,  however,  do  not  soften  at  a  heat  of 
2340  Y,  or  become  ammoniacal  and  empyrea. 
matic  at  this  temperature,  as  tlie  crystalline 
cerebral  oU  does. 
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A  portion  of  this  conctete  oiL|  tepanled 
from  the  alcohol  by  eraporatioQ  in  the  sun, 
formed  a  granulated  pellicle  on  its  aurfaoe,  of 
a  consistence  resembling  that  of  soft  soap.  It 
was  of  a  yellower  colour  than  the  former,  and 
had  a  marked  smell  of  animal  extract,  and  a 
perceptible  s»Iine  ta^te.  It  was  diffusible  in 
water,  gave  it  a  milky  appearance,  reddened 
litmus  paper,  and  did  not  become  really  oily 
or  fusible  after  th<;  manner  of  an  oil,  till  it  had 
giTen  out  ammonia,  and  deposited  carbon,  by 
the  action  of  fire  or  caustic  alkalis. 

A  similar  action  of  alcohol  on  the  brain, 
nerves,  and  spinal  marrow,  is  observed  after 
long  maceration  in  it  cold,  when  they  are  kept 
as  anatomical  preparations. 

Vauqudln  analyzed  the  brain,  and  found 
the  following  constituents  in  100  parts:  80 
water,  4.63  white  fatty  matter,  0.7  reddish 
fatty  matter,  7  albumen,  1.12  osmasome,  1.5 
phosphorus,  6.15  acids,  salts,  ard  sulphur. 
The  medulla  oblongata  and  nerves  have  the 
same  chemical  composition. 

The  spontaneous  change  that  brain  under, 
goes  in  certain  situations,  has  already  been 
noticed  under  the  artide  Adipocebe. 

BRANDY.  This  wdl  known  fluid  i«  the 
spirit  distilled  from  wine.  The  greateit  quan- 
tities are  made  in  Languedoc,  where  this  ma- 
nufacture, upon  the  whole  so  pernicious  to  so- 
ciety, first  commenced.  It  is  obtained  by  dis- 
tillation  in  the  usual  method  by  a  still,  which 
contains  five  or  six  quintals  of  wine,  and  has 
a  capital  and  worm  tube  applied.  Its  peculiar 
flavour  depends,  no  doubt,  on  the  nature  of 
the  volatile  principles,  or  essential  oil,  which 
come  over  along  with  it,  and  likewise,  in  some 
measure,  upon  the  management  of  the  fire,  the 
wood  of  the  cask  in  which  It  is  kept,  &c.  It 
is  said,  that  our  rectifiers  imitate  the  flavour 
of  brandy,  by  adding  a  small  proportion  of 
nitrons  ether  to  the  spirit  of  malt  or  molasses. 
8m  Alcohol. 

BRASS.  A  yellow-coloared  compound 
metal,  consisting  of  copper  combined  with 
about  one-half  it  its  weight  of  zinc.  The 
best  brass  Is  made  by  cementation  of  calamine, 
«» the  ore  of  sine,  with  granulated  copper*  See 
Copper. 

BRASSICA  RUBRA.  The  nd  cabbage 
affords  a  very  excellent  test  both  for  adds  and 
alkalis ;  in  which  it  is  superior  to  litmus,  beins 
naturally  blue,  turning  green  with  alkalis,  and 
red  with  adds.  The  minced  leaves  may  be 
dried  befbre  the  fire  till  they  become  quite 
disp,  when  they  ought  to  be  put  into  a  bottle, 
and  corked  up.  Hot  water,  poured  on  a  little 
of  the  dried  leaves,  affords  an  extemporaneous 
test  liquor  for  adds  and  alkalis.  The  purple 
petals  of  violets  may  be  preserved  in  the  same 
way;  as  well  as  tliose  of  the  pink  coloured 
kfehnis^  and  scarlet  rose. 

BRAZIL  WOOD.  The  tree  that  aflfbrds 
this  wood,  the  cajsalpina  crista,  is  of  tlie  growth 


of  the  Bnu^  In  Sooth  Amflrfet,  and  dw  af 
the  Isle  of  France,  Japan,  and  ebewberek  f  c 
is  chiefly  used  in  die  process  of  dyeing.  The 
wood  is  ooDsiderably  hard,  is  capable  of  a  good 
pdish,  and  is  so  heavy  tliat  it  sinks  in  water. 
Its  colour  is  pale  whoi  newly  cut,  but  it  be- 
comes  deeper  by  exposure  to  tlie  air.  The 
various  specimens  difftr  in  the  intcDsity  of 
their  colour;  but  the  heaviest  is  reckoned  die 
most  valuable.  It  has  a  sweetish  taste  when 
chewed,  and  is  distinguished  from  red  sandefs, 
or  sandal,  by  its  proper^  of  giving  oat  its 
colour  'with  water,  which  ti^  last  does 
not 

If  the  brazil  wood  be  boiled  in  water  fiv  a 
sufficient  time,  it  communicates  a  fine  red 
colour  to  that  fluid.  The  residue  is  very  daik 
coloured,  and  gives  out  a  considoable  portioD 
of  colouring  matter  to  a  sc^utioa  of  ailkalL 
Alcohol  extracts  the  ooloor  firnn  brasil  wood, 
as  does  likewise  the  volatile  alkaH ;  and  bodi 
these  are  deeper  than  the  aqueous  aolotion. 
The  spirituous  tincture*  aeootding  to  Dnfay, 
stains  warm  marble  of  a  pnrpBsh-red«  iHiich 
on  increasing  the  heat  becomes  violet ;  and  if 
the  stained  marble  be  covered  with  wax,  and 
considerably  heated,  it  changes  through  all 
the  shades  of  brown,  and  at  last  beonmca  fixed 
of  a  chocolate  colour. 

The  colours  imparted  to  dodi  by  braaa 
wood  are  of  little  permanence.  A  vesy  mi- 
nute portion  of  alkali,  or  even  aoapi  darkens 
it  into  purple.  Hence  wa  stained  with  it 
may  be  used  as  a  test  of  aatniatioQ  with  the 
salts.  Alum  added  to*the  deooctioB  of  this 
wood  occasions  a  fine  crimson.«ed  precipitatei 
or  lake,  which  is  increased  in  quantity  by  the 
additkm  of  alkali  to  the  liquor.  Theciimaon. 
red  colonr  is  also  predpiuted  by  munate  of 
tin :  but  it  is  darkened  by  the  salts  of  inn. 
Acids  change  it  to  yeDow,  fnan  which,  bow« 
ever,  scdution  of  tin  restons  it  to  its  aatnral 
hue.  The  extract  of  bnndl  wood  reddens 
litmus  paper,  by  dqiriving  it  of  the  alkali 
wiudi  darkens  it. 

BREAD.  When  flour  is  kneaded  togedksr 
with  water,  it  forms  a  toooh  paste,  containing 
these  principles  vor  litm  aHeied,  and  aoc 
easily  digested  by  the  stomach.  The  aetioD 
of  heat  produces  a  eonsideraUe  change  in  the 
gluten,  and  probably  in  the  staitfa,  renderii» 
the  compound  more  easy  to  masticate,  as  wm 
as  to  digest  Hence  the  first  approeidieB  to. 
wards  the  making  of  bread  consisted  in  pardi- 
ing  the  corn,  rither  for  immediate  use  as  food, 
or  previous  to  iu  trituration  into  meal ;  or 
else  in  baking  the  flour  hito  unleavened  bread 
or  boiling  it  into  masses  more  or  less  eonsiit- 
ent ;  of  all  which  we  have  suffident  indica- 
tions in  the  histories  of  the  earlier  nations,  as 
well  as  in  the  various  practices  of  the  modcnis. 
It  appears  likewise  fnm  the  Scripture*,  that 
the  practice  of  making  leavened  bread  is  of 
very  considerable  antiquity;   but  the  addi. 
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tte  of  jfteit,  Of « dtt  Tteoni 

gBMnllf  naedy  Mems  to  be  of  modoD  date. 

Unkawwd  fansad,  in  the  fimn  of  imall 
takm^  or  bteonk,  is  node  for  the  use  of  tbip* 
vmg  in  Urge  quuitttis;   bat  moit  of  the 
braid  need  on  mce  is  mide  to  undogo,  pre- 
vioBS  toboki2ig,a]diidofftnnentatioo»  vfaich 
•lipean  to  be  of  the  lanie  notme  as  the  ler. 
BMntatkm  of  Modiarine  nbstances:  but  is 
cnoeiDBd  and  modified  bj  ao  naojr  oTcum* 
•tsneoi,  as  to  raider  it  not  a  little  difficult  to 
ipeak  with  ootainty  and  precision  respectjog  it. 
When  doi^  or  paste  is  left  to  undeigo  a 
MBUaneoos  deoompontion  in  an  open  vessel, 
the  vaaoos  parte  of  the  mass  are  differenUy 
dfeetfd,  according  to  the  humidity,  the  tlilck. 
neaa  or  thinneaa  of  the  part,  the  vicinity  or 
reBMMeaesa  of  fire,  and  other  ctrcumstanoes 
lean  easily  inTestigated.     The  saccharine  part 
ia  dispoaed  to  beoome  converted  into  alcohol, 
the  wmfflage  has  •  tendency  to  become  sour 
asd  mooldy,  vhile  Ae  ^nten  in  all  proba- 
bSUty  veigta  towacd  the  putrid  state.     An 
entile  cfaa^  in  the  chemical  attractions  of 
the  aevenJ  oompment  parts  must  then  take 
|daee  in  a  prsgressive  manner,  not  altogether 
the  aaasoin  the  infeemaland  more  humid  parts 
as  in  the  estcmal  parts,  which  not  only  be- 
came dry  by  simple  evapontion,  but  are  acted 
upon  hy  the  anmnnding  air.    The  outside 
msy  tfacKftie  beoome  mouldy  or  putrid,  while 
die  inner  pattmay  be  only  advanced  to  an  add 
•late.  Ooniafamal  admixture  of  the  mass  would 
ef  couno  not  only  pniduoe  some  change  in  the 
npidi^ofthfai  alteration,  but  likewise  render 
it  mie  uniform  thioug^iout  the  whole.    The 
eibct  ef  dds  commcndng  fermentation  is  found 
la  be,  tiiat  the  mass  is  rendered  more  digest. 
iUe  sad  light;  by  whidi  lut  expressioo  it  is 
ttderalood  ihat  it  is  rendered  much  more 
parous  by  the  disengagement  of  elastic  fluid, 
tbst  aqiBffates  its  parts  from  each  other,  and 
greatly  mcresaes  its  bulk.     The  operation  of 
baking  pats  a  aUxp  to  tUs  woceas,  bj  evapo- 
n^ng  great  part  of  the  moistnie  which  is  re* 
V^mttUilknmT  the  dkendcal  attraction,  and 
Fobabiy  also  by  still  ihrther  dianging  the 
aetnie  of  the  oomponent  parts.     It  is  then 


Brsad  made  aeoording  to  the  preoeduig  me- 
thod  via  not  poseoas  the  uniformity  which  is 
nqaisitc^  lieerase  some  parts  may  be  mouldy, 
while  othsn  are  not  yet  soffidently  changed 
fiom  the  state  of  doii^b«  The  same  means 
are  used  ia  this  esse  as  have  been  found  effec- 
tual in  promoting  the  uniform  fermentation  of 
hrge  masses.  This  consists  in  the  use  of  a 
ksven  or  forment,  which  is  a  small  portion  of 
ssme  matter  of  the  ssme  kind,  but  m  a  more 
advsooBd  stage  of  the  fermentation.  After  the 
haven  has  been  veil  incorporated  by  kneading 
into  fresh  douali,  it  not  only  brings  on  the  fei^ 
mffitJiinn  with  greatei^  speed,  but  causes  it  to 
lab  place  io  the  whole  of  the  mass  at  the  same 


ttme;  and  as  soon  as  the  dough  hai  by  this 
means  acquired  a  due  inaease  of  bulk  from 
the  carbonic  add,  which  endeavours  to  escape,* 
it  is  judged  to  be  suffidently  fermented^  and 
ready  for  the  oven. 

The  fermentation  by  means  of  leaven  or 
soar  dough  is  thought  to  be  of  the  acetous 
kind,  because  it  is  generally  so  managed,  that 
the  bread  has  a  sour  flavour  and  taste.  But 
it  has  not  been  ascertained  that  this  sddity 
proceeds  from  true  vinegar.  Bread  raised  by 
leaven  is  usually  made  of  a  mixture  of  wheat 
and  rye,  not  very  accaratdy  cleared  of  the 
bran.  It  is  distinguished  by  the  name  of  rye 
bread ;  and  the  mixture  of  these  two  kinds  of 
grain  is  called  bread-corn,  or  meslin,  in  many 
parts  of  the  kingdom,  where  it  is  raised  on  one 
and  the  same  piece  of  ground,  and  passes 
through  all  the  processes  ci  reaping,  thresh- 
ing, grinding,  &c.  in  this  mixed  state. 

Yeast  or  barm  ia  used  as  the  ferment  for 
the  finer  kinds  of  bread.  This  is  the  mudla- 
ginoua  froth  whidi  rises  to  the  surface  of  beer 
hi  its  first  stage  of  fermentation.  When  it  is 
mixed  with  dough,  it  produces  a  much  more 
speedy  and  effectual  fermentation  than  that 
obtained  by  leaven,  and  tbiT  bread  is  accord, 
ingly  much  lighter,  aud  scarcely  ever  sour. 
The  fermentation  by  yeast  seems  to  be  almost 
certainly  of  the  vinous  or  spirituous  kind. 

Bread  is  much  more  uniformly  misdble 
with  water  than  dough ;  and  on  this  drcum. 
stance  its  good  qualities  most  probably  do  in  a 
great  measure  depend. 

A  very  great  number  of  processes  are  used 
by  cooks,  confectioners,  and  others,  to  make 
cakes,  puddings,  and  otlier  kinds  of  bread,  in 
which  difTerent  qualities  are  required.  Some 
cakes  are  rendered  britde,  or  as  it  is  called 
shorty  by  an  admixture  of  sugar  or  of  starch. 
Another  kind  cf  brittleness  is  given  by  the  ad- 
dition  of  butter  or  fat  VV^hite  of  egg,  gum- 
water,  isinglass,  and  other  adhesive  substanses, 
are  used,  when  it  is  intended  that  the  effect  of 
fermentation  shall  expand  the  dough  into  ^  ex- 
ceedingly porous  mass.  Dr.  Pcrcivfd  has  re- 
commended the  addition  of  salep,  or  tlie  nu- 
tritious powder  of  the  orchis  root.  He  says, 
that  an  ounce  of  salep,  di&solved  in  a  quart  of 
water,  and  mixed  with  two  pounds  of  flour, 
two  ounces  of  yeast,  and  eighty  grains  of  salt, 
produced  a  remarkably  good  loaf,  weighing 
three  pounds  two  ounces ;  whDe  a  loaf  made 
of  an  eqaal  quantity  of  the  other  ingredients, 
without  the  salep,  wdghed  but  two  pounds 
twdve  ounces.  If  the  salep  be  in  too  lai^ge 
quantity,  however,  its  peculiar  taste  will  be 
distinguishable  in  the  bread.  The  farina  of 
poutoes  likewise,  mixed  with  wheaten  flour, 
makes  very  good  bread.  The  reflecting  che- 
mist  will  receive  considerable  information  on 
this  subject  from  an  attentive  inspection  of  the 
receipts  to  be  met  with  in  treatises  of  cooking 
and  confectionery. 
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Mr.  Accum,  in  his  late  TreatiM  od  Culi- 
nary Poi8on&»  states,  that  the  inferior  kind  of 
floor  which  the  London  baken  generally  uae 
for  making  loaves,  requires  the  addition  of  alnm 
to  give  them  the  white  appearance  of  bread 
made  from  fine  flour.  '<  The  bakers*  flour  is 
very  often  made  of  the  worst  kinds  of  damaged 
foareign  wheat,  and  other  cereal  grains  mixed 
with  them  in  grinding  the  wheat  into  flour. 
In  this  capital,  no  fewer  than  six  distinct  kinds 
of  wbeaten  flour  arc  brought  into  the  market. 
They  are  called  fine  flour,  seconds,  middlings, 
fine  middlings,  coarse  middlings,  and  twen^- 
penny  flour.  Common  garden  beans  and  pease 
are  also  frequently  ground  up  among  the  Lon- 
don bread  flour. 

*'  The  smallest  quantity  of  alum  that  can  be 
employed  with  eflect  to  produce  a  white,  light, 
andpOTons  bread  from  an  inferior  kind  of  flour, 
I  have  my  own  baker*s  authority  to  state,  is 
ftom  throe  to  four  ounces  to  a  sack  of  flour 
weighing  240  pounds." 

^'  The  following  account  of  making  a  sack  or 
Hye  bushels  of  flour  into  bread,  is  Uken  from 
Dr.  P.  Markham's  Considerations  on  the  In- 
gredients  used  in  the  Adulteration  of  Flour  and 
Bread,  p.  21. 

Five  bushds  flour. 

Eight  ounces  of  alum. 

Four  lbs.  salt. 

Half  a  gallon  of  yeast  mixed,  with  about 

Three  gallons  of  water. 

^  Another  substance  employed  by  ftau- 
dulent  bakers  is  subcarbonate  of  ammonia. 
With  this  salt  they  realize  the  important  oon. 
sidentioo  of  producing  light  and  porous  bread 
flcom  spoiled,  or  what  is  technically  called  lotir 
Jlour,  This  salt,  which  becomes  wholly  con- 
verted  into  a  gaseous  substance  during  the  ope- 
ration of  baking,  causes  the  dough  to  swell  up 
into  air  bubbles,  which  carry  before  them  the 
•dffdougfa,  and  thus  it  renders  the  dough  po- 
rous ;  the  salt  itself  is  at  the  same  time  tota% 
volaiiliied  during  the  operation  of  baking.** — 
^^  Potiitoes  are  likewise  largely,  and  perhaps 
cooatantly  used  by  fraudulent  bakers,  as  a  cheap 
kgredient,  to  enhance  their  profit.'* — "  llieie 
are  instances  of  convictions  on  record,  of  bakers 
having  used  gypsum,  chalk,  and  pipe-clay,  in 
the  manufiicture  of  bread.'* 

Mr.  E.  Davy,  Prof,  of  Chemistiy  at  the 
Cork  Institution,  has  made  experiments,  show- 
ing that  from  twenty  to  forty  grains  of  common 
carbonate  of  magnesia,  well  mixed  with  a 
|Knittd  of  the  worst  new  teconds  flour,  mate- 
rially  improved  the  quality  of  the  bread  baked 
with  it. 

The  habitual  and  daily  introduction  of  a 
portion  of  alum  into  the  human  stomach,  how. 
ever  small,  must  be  prejudicial  to  the  exerdse 
of  its  functions,  and  particularly  in  persons  of 
a  bilious  and  costive  habit  And  besides,  as 
the  best  sweet  flour  never  stands  in  need  of 


the  pveaoice  of  this  adt  iodtatea  an 
inferior  and  highly  acescent  food ;  which  can- 
not fail  to  aggravate  dyspepsia,  and  which  may 
generate  a  calculous  diathesis  in  the  uiinaiy  or- 
gans. Every  precaution  of  sdenoe  and  law  oogfat 
therefore  to  be  employed  to  detect  and  stop  such 
deleterious  adulterations.  Bread  may  be  ana- 
lyzed for  alum  by  crumbling  it  down  when  some- 
what stale  in  distilled  water,  squeenng  the 
pasty  mass  through  a  piece  of  doth,  and  then 

f)assing  the  liquid  through  a  paper  filter*  A 
impid  infusion  will  thus  be  obtained.  It  is 
diflicult  to  procure  it  dear  if  we  useoewhRad 
or  hot  water.  A  dilute  solution  of  muriate  «f 
barytes  dropped  into  the  filtered  infusinn,  will 
indicate,  by  a  white  doud,  vaon  or  ka  heavy, 
the  presence  and  quantity  of  alum.  I  find  that 
genuine  bread  gives  no  predpitate  by  this 
treatment.  The  earthy  adulterations  ase  easily 
discovered  by  indnerating  the  biead  at  a  red 
heat  in  a  shallow  earth  vosel,  and  treating  the 
residuary  ashes  with  a  little  nitrate  of  amma- 
nia.  The  earths  themsdves  will  then  itnain, 
characterized  by  their  whUencas  axid  inaolo- 
bmty. 

Under  Proeeti  of  Bakings  in  the  Supple- 
ment to  the  Encyclopedia  Britanoica,  vehase 
the  following  statement :  **'  An  ounce  of  alnm 
u  then  dissolved  over  the  fire  in  a  tin-pot,  and 
the  solution  poured  into  a  Is^ge  tub,  called  by 
the  bakers  the  seawning'-ttUh  Four  pounds 
and  a  half  of  salt  are  likewise  put  into  the  tub 
and  a  pailful  of  hot  water."  Note  on  this  pass- 
age.— *'*•  In  London,  where  the  goodness  of 
Inead  is  estimated  entirdy  by  its  whtteoesi,  it 
is  usual  with  those  bakers  who  ( 
of  an  inferior  quality,  to  add  oi  i„. 

common  salt  to  the  dough.  Or,  in  < . 

the  quantity  of  salt  added  is  '^''T'«n'Tlif»i  i__ 
half,  and  the  defidency  supplied  byaa  eqnal 
weight  of  alum.  This  improves  the  Jo^  of 
the  bread  very  much»  rendoing  it  much  whitsr 
and  firmer." 

In  a  passage  which  we  shall  presently  quotes 
our  author  represents  the  bakos  of  LondoD 
joined  in  a  conspiracy  to  supply  the  q»«Tfm 
with  bad  bread.  We  may  oenoe  infer,  that 
the  full  allowance  he  assigns  of  24  pouiMb  of 
alum  for  every  2^  pounds  of  salt,  wffl  be 
adopted  in  converting  a  sack  of  flour  into 
loaves.  But  as  a  sack  of  flour  wei^  280 
pounds,  and  furnishes  on  an  average  80  qoar- 
tern  loaves,  we  have  2^  pounds  divided  by  80, 

16750  grains 
^ gj =  197  grains,  for  the  qnan. 

tity  present  by  this  writer  in  a  London  quartern 
loaf.  Yet  in  the  very  same  page  (a9Ch  of 
volume  2d)  we  have  tiie  fiiDowing  passage : 
"  Alum  is  not  added  by  all  baken.  The 
writer  of  this  artide  has  been  assnred  by  aeve- 
lal  bakers  of  respectability,  both  in  Bdmboigii 
and  Ola^w,  on  whose  testimony  he  idies, 
and  who  made  excellent  bread,  that  tliey  never 
employed  any  ahun.    The  reawn  fior  adding 
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Itpfmhf  the  London  bakers  Is,  thid  it  len- 
den  the  bread  whiter,  and  enables  them  to 
sepRrate  leadily  the  loaves  from  each  other. 
This  addition  has  been  aHeged  by  medical 
men,  and  is  considered  bv  the  community  at 
Isrge,  BA  Injurious  to  the  nealth,  by  occasion, 
ing  oonstipatioQ.  But  if  we  consider  the  small 
quantity  of  this  salt  added  by  the  baker,  not 
quite  6^  grains  to  a  quartern  loaf,  we  wiil  not 
readily  admit  these  allegations.  Suppose  an 
inditidoal  to  eat  the  seventh  part  of  a  qoar- 
tern  loaf  a-day,  he  would  only  swallow  eight- 
tenths  of  a  gndn  of  alum,  or  in  reality  not  quite 
so  much  Ma  half  a  grain,  for  one-half  of  this 
aalt  oonslsts  of  water.  It  seems  absurd  to 
suppose  that  half  a  grain  of  alum,  swallowed 
■t  diflbent  times  during  the  course  of  a  day, 
duNild  ooeasion  oonstipation.'*  Is  it  not  more 
abmd  to  state  2^  pounds,  or  3G  ounces,  as 
the  alum  adulteration  of  a  sack  of  flour  by  the 
London  bakers,  and  whhin  a  few  periods  to 
rednee  the  adolteration  to  one  ounce  ? 

That  this  Toluntary  abstraction  of  |}  of  the 
ahnn,  and  substitution  of  superior  and  more 
expensiTe  flour,  is  not  expected  by  him  ftom 
the  London  bakers,  is  sufficiently  evident  from 
the  fbOffving  sttwy.  It  would  appear  that  one 
of  Us  Mends  had  invented  a  new  yeast  for  fer- 
menting dou^  by  mixing  a  quart  of  beer 
hann  with  a  |»ste  made  of  ten  pounds  of 
floor  and  two  gallons  of  boiling  water,  and 
keeping  dus  mixture  wami  for  six  or  eight 


•♦Yeast  made  in  this  way,'*  says  he,  " an- 
s«vi  the  purposes  of  the  baker  much  better 
dian  brewers*  yeast,  because  it  is  clearer,  and 
hee  tnm  the  hop  mixture,  which  sometimes 
njures  the  yeast  of  die  brewer.  Some  years 
sfD  the  bakers  of  London,  sensible  of  the  su- 
perieritv  of  this  attifidal  yeast,  invited  a  com- 
puy  Of  manufactuiers  from  Glasgow  to  esta- 
)>&h  a  manufiwtoiy  of  it  in  London,  and  pro* 
niscd  to  use  no  other.  About  50001  accord- 
ingly were  laid  out  on  buildings  and  materials, 
and  the  manufactory  was  begun  on  a  consider. 
sMe  scale.  The  ale  brewers,  finding  their 
TBu^  for  vfaich  they  had  drawn  a  good  price, 
Ife  heiTy  on  their  hands,  invited  aii  the  jour- 
n^rmeo  baken  to  their  cellars,  gave  them  their 
fsil  of  ale,  and  promised  to  regue  them  in  that 
nanoer  every  day,  provided  they  would  force 
dicir  masters  to  uke  all  their  yeast  ftom  the 
sic  brewen.  The  journeymen  acoonHnglv  de- 
mand in  a  tedy,  thai  they  would  work  no 
more  for  their  masters  unless  they  gave  up 
firidng  avy  more  yeast  fkom  the  new  menu- 
fMBiy.  The  masters  wsR  obliged  to  comply; 
the  new  mamifaetory  was  stopped ;  and  the 
MaiiiamUof  Lomdom  were  obliged  to  conttnue 
to  tot  wone  hrtad,  beemue  U  woe  the  iitterett 
«f  tho  ale  buewers  to  sell  die  yeast.  Such  is 
the  iDflneneeof  jonmeymen  baker*  in  the  me- 
tnmllBorEDglaidr 

This  diMU  diatribe  ssems  rather  extnu 
vsgapt;  lor  Binely  beer-yeait  can  derive  no- 


6iing  noxkms,  to  a  porter-drinking  people^ 
from  a  slight  impregnation  of  hops ;  whik  it 
must  form  probably  a  more  energetic  ferment 
than  the  fermented  paste  of  the  new  company, 
which  at  any  rate  could  be  prepared  in  six  or 
eight  hours  by  any  baker  who  found  it  to  an« 
swer  his  purpose  of  making  a  pleasant  eating 
bread.  But  it  is  a  very  serious  thing  for  a 
lady  or  gentleman  of  sedentary  habits,  or  in- 
firm constitution,  to  have  their  digestive  pro- 
cess daQy  vitiated  by  damaged  flour,  whitened 
with  107  grains  of  alam  per  quartern  loaf. 
Acidity  of  stomach,  indigestion,  ilalulence, 
headachs,  palpitation,  costiveness,  and  urinary 
calculus,  may  be  the  probable  consequences  of 
the  habitual  introduction  of  so  much  sdduloos 
and  acescent  matter. 

I  have  made  many  experiments  on  bread, 
and  have  found  the  proportion  of  alum  very 
variable.  Its  quantity  seems  to  be  propor- 
tional to  the  badness  of  the  flour ;  and  hence 
when  the  best  flour  is  used,  no  alum  need  be 
introduced.  That  alum  is  not  necessary  fbr 
giving  bread  its  utmost  beauty,  sponginess, 
and  agreeablenessof  tsste,  is  undoubted ;  since 
the  bread  baked  at  a  very  extensive  establish- 
ment in  Olasgow,  in  which  about  20  tons  of 
flour  were  regularly  converted  into  loaves  in 
the  course  ora  week,  unites  every  quality  of 
appearance,  with  an  absolute  fWiedom  from 
that  addo-astringent  drug  Six  pounds  of  salt 
are  used  for  every  sack  of  ilour ;  which  from  its 
good  quality  generally  affords  83  or  84  quartern 
loaves  of  the  legal  weight,  of  four  pounds  five 
ounces  and  a  half  each.  The  loaves  kwe  nine 
onnoes  in  the  oven.  For  an  scooont  of  the 
oonstituents  of  wheat  flour,  see  Whsat. 

BRECCIA.  An  lt:dian  term,  frequently 
used  by  our  mineralogical  writen  to  denote 
Sttdi  compound  stones  as  are  composed  of 
i^hitinated  fragments  of  considerable  nzmf 
When  the  agglutinated  parts  sre  rounded,  tfie 
stone  u  called  pudd]ng.stone.  Breodao  are 
denominated  according  to  the  nature  of  their 
component  parts.  Thus  we  have  calc^eous 
breccias,  or  marbles ;  and  siliceous  breccias, 
which  are  still  more  minutely  dassed,  acMid- 
ing  to  their  varieties.  ^  * 

BREWINO.    See  Beee,  a\i.cohol,  and 

FCmMEKTATIOir. 

BRICK.  Among  the  nnmenms  brancfam 
of  the  genersl  art  of  fisshioning  argillaceous 
earths  into  usefhl  forms,  and  alterwsrd  hsrden- 
ing  them  by  fire,  the  srtof  mskiog  bricks  and 
tiles  is  by  no  means  one  of  the  lesst  useful* 

Common  day  is  scsrcely  ever  fouiid  in  a 
i  approaehhig  to  ] 


purity  on  the  surface  of 
the  eartti.  It  usually  contahis  a  Isxge  pro- 
portion of  sfliceous  eardi.  Ber^mann  exa- 
nrined  several  days  in  the  neighbourhood  of 
Upsal,  and  made  bricks  whfch  he  baked  with 
various  degrees  of  beat,  snfiered  tiiem  to  cool, 
nnmened  them  in  water  fbr  a  considerable 
fime»  and  then  exposed  them  to  the  open  air 
for  tiixee  years.    They  weie  formed  of  day 
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The  hndcit  wen  Uiot»  Into  die 

compotttioQ  of  which  a  fourth  part  of  nod 
httdcniend.  TboM  which  bad  been  expoMd 
Ibr  the  ahertot  tune  to  the  fire  were  afanoat 
totally  destnyfcd,  and  cnimbled  down  by  the 
aetian  of  the  air.  Such  as  had  been  moce 
therooghly  burned,  aaffered  leaa  damage ;  and 
in  tboae  which  had  been  fonned  of  day  alone, 
and  were  half  vitrified  by  the  heat,  no  change 
whateTer  waa  produced* 

On  the  whole  he  obaervea,  that  the  propor- 
tion of  sand  to  be  used  to  aoy  clay,  in  making 
bricks,  must  be  greater  the  more  such  day  is 
found  to  oontxaa  in  bunung;  but  that  the 
best  cSayi  are  those  whkh  need  no  sand.  Bricks 
should  be  well  horned;  but  no  vitrificaUon  is 
necessary,  when  they  can  be  rendered  hard 
enough  by  iStit  mere  action  of  the  heat.  When 
a  Titreous  crust  might  be  deemed  necessary, 
he  recommends  the  projection  of  a  due  quan- 
tity €it  salt  into  the  fiimaoe,  whidi  would  pro- 
duce the  efifect  in  the  same  manner  as  is  seen 
in  the  fabrication  of  the  £ngUsh  pottery  called 


A  kind  of  bricks  called  J!iv.iHcA:«  are  made 
fimn  slate-davi  which  are  very  hard,  heavy, 
and  contain  a  large  proportion  of  sand.  Thoe 
are  chiefly  used  In  the  oonstrocdon  of  furnaces 
for  steam-engines,  or  other  large  worics,  and 
in  Uning  the  ovens  of  glass-hmises,  aa  they 
will  stand  any  degree  of  heat.  Indeed  they 
should  always  be  employed  where  fires  of  any 
intensity  are  required. 

BRICKS  (FLOATING).  Bricks,  that 
swim  on  water,  were  manu&ctured  by  the  an- 
cients ;  and  Fsbbroni  discovered  some  years 
auce  a  substance,  at  Gastd  del  Piano,  near 
Santa  Flora,  between  Tuscany  and  the  Stotes 
of  the  Church,  from  which  similar  bricka 
might  be  made.  It  constitutes  a  brown  earthy 
led,  mixed  with  the  remains  of  plants.  Haiiy 
oak  it  tale  puherukni  iiUc\fer€^  and  Br»- 
cfaaot  considos  it  as  a  variety  of  meerschaum. 
The  Oeimans  name  it  bergmehl  (mountain 
mealV  and  the  Italians  latte  di  hauty  (moon 
milkj#  By  Khiproth's  analysia,  it  consists  of 
70  iiica,  6  ahmiina,  3oildeof  iron,  12  water. 
Mid  1  loss,  in  100  psrts.  It  agreea  nearly  in 
oompositkm  with  Xieeefffuhr, 

BRILLIANT.  Diamond,  cut  In  audi  a 
way  as  to  reflect  light  most  vividly,  is  called 
a  brilliant. 

BRIMSTONE.    SeeSuLPBUB. 

BRIONIA  ALBA.  A  root  used  in  me- 
dkane.  By  the  analyris  of  Vauquelin,  It  la 
found  Co  consist  in  a  great  measure  ofstsidi, 
with  a  bitter  prhidpie,  soluble  in  water  and 
alcohol,  some  gum,  a  vegeto-anlmal  matter, 
vredpttable  by  Infusion  of  gaUs,  some  woody 
fibre,  a  little  sugar,  and  supermslate  and  phos- 
phate of  lime.  Il  has  camartie  powers  $  but 
Is  now  seldom  prescribed  by  physidana. 

BRITISH  GUM.  When  stardi  is  ez- 
poaed  to  a  temperature  between  000b  and  700* 
it  awells,  and  exhales  a  peculiar  smell ;  it  be- 


comeaofabMnmeplsiir,  and  to  ihtflslMe  la 
~  ~  by  calico  printcft.  It  ia  aolnble  in 
water,  and  does  not  focm  a  bhie  ompoiiiid 
with  iodine.  Vauqudin  fonadittodiffBrliwin 
gum  in  afibrdlng  oxalic  hMtead  of  mooms  acid, 
when  treated  with  nttiicadUL  BnmdeUMm^ 
fwol,  ill.  34. 

BROCATELLO.  A  calcareoaa  slone  or 
narUe,  composed  of  ftasmeala  of  four  ooIoqeb, 
white,  grey,  yeDow,  and  red. 

BROCHANTITE.  A  new nfoeial  iWn 
the  Bank  mines  of  Ekaterinbnig.  Crystals  In 
thin  rectangular  tables,  of  an 
colour,  traniporent;  hardness  aa  gieen 
bonate  of  copper  on  whidi  they  lie.  Ammals 
0/ PhU,  Yin. '241. 

BROME  or  BROMIN$.  A  new  ele. 
mentary  body  of  the  electro-negative  dasa,  ao 
called  from  the  Gie^  name  fip^/juts^  f^^^'^'i 
because  it  posicsscs  a  very  ofinsive  smdL 

After  passuig  for  some  time  a  camBt  of 
dilorine  throng  the  mother  water  of  aalt 
works,  a  quantity  of  ether  must  be  ponred  on 
the  surface  of  the  liquid,  so  aa  cntiidy  to  fill 
up  the  flask  into  which  It  has  been  put.  Tbese 
two  liquids  are  to  be  thoroughly  inlctciizcd 
by  strong  agitation,  and  then  left  at  neat  for  a 
few  instants,  to  allow  them  to  sepante  from 
each  other.  The  ether  is  now  seen  floothigin 
a  stratum  of  a  fine  hyadnthiiw  red  \  iriofe  the 
mother  water  of  the  sak  sptings,  deprived  of 
colour,  presents  no  more  the  livdv  and  irri- 
tating odour  of  brome,  but  the  soothing  sBell 
of  the  ether  hdd  m  solntion* 

The  ethereous  solution  of  fatome  loses  even- 
tually its  hue  and  disagreeable  odoor,  on  agi- 
tation with  some  alkaune  aofaatonoe,  for  ex- 
ample, with  cauatk  potaah.  This  ahaorbs  tiie 
brome,  and  by  agitating  suceswivdy  the  mo- 
ther water  of  salt  worlca,  rendered  yellow  by 
ether,  and  the  coloured  ether  wHh  potash,  it  ia 
poadble  to  combine  widi  a  snsH  qnantity  of 
this  alkali,  the  whole  brmt,  (  '^  '  '  ' 
very  large  body  of  watff  • 

The  potaah  loaing  by  degreca  its  \ 
qualities^  Is  cbansBd  into  a  i 
loUe  hi  water,  and  whidi  crystaBuRa  in  enbss 
by  the  evaporation  of  the  liquid.  From  tliese 
Gttbic  cryBtals  brome  is  extiacted» 

The  pulverised  crystals,  mixed  with  pore 
peroxide  of  msnganese,  being  put  into  a  retort, 
sulphuric  add,  diluted  with  half  its  we^ht  of 
water,  is  poured  in.  Buddy  vapoun  imme- 
dlatdy  rise,  which  condense  into  drape  of 
brome.  These  may  be  collected  by  pkingiiig 
the  neck  of  the  retort  to  the  bottom  of  a  omaQ 
nodver^oontaining  cold  wata.  The  farame 
which  eomea  over  in  vnour  isdissdved  in  this 
liquid ;  but  that  which  is  condensed  on  the 
neck  of  the  retort,  under  the  form  of  little 
drops,  foils  to  the  bottom  of  tbevessdfrom 
its  mat  apedfic  giavity« 

Whatever  may  be  tiie  affini^  of  water  for 


this  body,  the  layer  of  Bqnidwliich  i 

it,  is  flooo  satuiaied,  and  then  endoaing  the 
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bvM  OB  «n  pldn,  fteBBMt  St  fton  te  i61nBt 
Mtiaii  of  the  upper  Hrate.  FinaOj,  to  |ini. 
cnieU  in  a  Mite  of  pest  parity,  it  is  mody 
aecoBny  to  •cparte  it,  to  me  it  ikom  the 
witter  thai  it  may  widiH  asd  to  di^a  it  fton 
chknide  of  calcium. 

Brome  appean  under  the  fotm  of  a  tdackiab- 
red  liquid,  when  viewed  in  mam  and  by  ra» 
fleeted  Ught,  but  of  a  fayadnthiiie  red  when  a 
Uihi  iilm  of  it  ia  inteipoied  between  die  light 
and  Cheeya. 

its  very  nnpleasaDt  amdl  nmiods  one  of 
Ibat  of  i2ieoKldm  of  ebkrioe,  theogfa  it  is  &r 


Its  taate  is  pecttlkily  strong. 

It  attacks  organic  substanees,  as  wood,  cork, 


Ac,  and  partii^laily  the  skin,  vfaieh  it  tinges 
ydlmr  and  oomdea  Tfakhue  disappears  after 
soDBe  time;  but  if  the  contact  of  die  brome 
baa  ooDtiniied  somewhat  kng,  the  oolom  wean 
off  only  with  tbe  epidomis. 

Jt  acts  widi  energy  on  die  anhnal  fnnctuns. 
A  drop  Jet  &ll  into  the  beak  of  a  bird  was 
sufficient  to  kiUU. 

A  he  specific  gravityt  taken  on  a  minnte 
qnantity,  was  Ibund  to  be  8.966. 

Bmaie  dam  not  congeal  at  a  tempeEature  of 

It  is  volatile.  Whm  admpof  itisputinto 
a  vessel,  this  is  immediately  flBcd  widi  the 
peenliar  dew  raddy  fapoois,  very  shnilar  to 
thetooesofnitranaadd.  Itboflsatll&6»P. 
Baft  It  anftra  no  change  of  nature  on  being 
tiammitted  thrao^  an  ignited  tube. 

Bieme  is  a  non-coodoctor  of  ^taie  dee« 
^oAfi  far  when  a  odamn  of  it,  3  or  4  lines 
Vug,  is  mtetposed  in  the  cixcnit  fbr  deoom- 
pomiig  walec,  die  deetrical  action  ceases. 

Nar  dom  aleetiieity  appesr  capable  of  de- 
«mposnghroma{  for  it  nehher  soUcib  dimi. 
■ndflft  of  volamB,  nor  disengages  any  gas, 
when  eipoaed  ta  theaetion  of  that  power. 
«1w  vapoms  of  brana  eannot  support  com* 
A  lighted  tmr  plunged  teto  diera, 
citnignished  y  but  before  going  out,  it 
i  instants  with  a  flame  whiih  is 
gmnatdKhase,  and  reddish  towards  the  top, 
JBSt  m  happens  widi  lUorine  gaa. 

BnxneisaolaUein  water,  sbohol,  and  par. 
ticakHlyfai  edier.  dnlpbnrie  add  floats  above 
hBoaoi  but  dissolves  a  vay  minnte  portion  of 
it.    Oil  of  olives  acts  in  a  slow  manner. 

It  dom  not  redden  thtctoie  of  Utmns,  but  it 
spsedily  deprivm  it  of  ooioor,  nearly  as  ddo. 
line  waoM  da  Tiie  sulphniie  solndon  of  in- 
djgo  is  a^oaHy  decoknied. 
Bnasenniam  with  hydngm  toftnn  hydro- 
See  Acn>  (IiT1>KOBKOKIC)l 

I  of  bfome  on  themetals,  presents 
the  most  striking  pofaits  of  resemblance  be- 
tween it  and  cbkoBhie.  Antimony  and  tin  bmn 
wiien  beong^t  in  eontsct  with  brome.  Potas- 
sians,  oo-umting  widi  it,  disengagw  so  mudi 
heat  and  h^  dat  a  detonirtkm  ensues  ssfi- 


fliendy  vio&at  to  break  tbe  vessel  and  prajeet 
die  raaterialB. 

The  bromides  thus  direcdy  fonned,  fbr  in* 
stance  that  of  potassiom,  seem  to  be  idendcal 
in  dieit  appearanee  and  properties,  with  those 
obtained  by  treating  the  metallic  oxides  widi 
kydrobromic  add»  eith^  in  the  dry  way,  or  by 
evaporating  their  liquid  combinationa  The 
hydro-bfomates  are  easily  recqgniied  by  the 
Realty  whidi  they  possess  of  beooming  ydlow, 
and  evolving  brome,  when  any  body  strongly 
attractive  of  hydrogen  acu  on  them,  such  as 
ddorme,  or  the  dilmic  and  nitric  adds ;  whence 
the  use  of  the  first  substance  in  the  extraction 
of  bmme.  All  the  bromide*,  indeed,  are  de- 
composed by  dilorine  with  the  disengagements 
of  brome. 

Bromide  pfpotatiium  erystanises  in  cubes, 
or  sometimes  in  long  rectangular  parallelo. 
pipeds.  It  has  a  sharp  taste.  Exposed  to  the 
action  of  caloric  it  decrepitates,  and  undergoes 

leous  fusion,  without  undeigoing  any  other 


Chlonne  decomposes  it  at  an  elevated  tem- 
perature. Brome  is  disengaged,  and  chloride 
of  potassium  remains.  Iodine  has  no  action 
on  it,  even  at  an  elevated  temperature.  On  the 
other  hand,  brome  made  to  pass  over  fused 
iodide  of  potasdum,  disengages  violet  vapours 
in  abundance. 

Boric  add  does  not  decompose  at  a  red  heat, 
unleas  steam  be  transmitted  over  the  ignited 
mixture.  In  this  case,  hydro-bromic  add  ia 
evolved. 

Solution  of  this  salt  in  water  does  dissolve 
no  more  brome  than^DB^nfr^iater. 

Sulphurio^dABc<in|)of6e  i«^  wtdi  the  dis- 
enngeme&t  ofhydro-bromic  add  atid  brome. 

Bromide^  pota^ium,  decompose  by  sul- 
phuri0'MM,lflkv1te'Wphate  of  notaah ;  Wb^ca 
the  cobiMsftibcrof  di&  bl^inWe  secmi'tdjffc, 
hi  lOOVvrtST'  *  •  '•  --^  *  J 

Sh>iiA  '  \'^»  -.  -^  SfM6  r 
Poimdnm      ./-     /  *M^ ; ' 
whence  die  prime  ei^iilvBlBlit  of  bromb  comes 
out  9.6  to  oxygen  1.     This  is  nearly  Ibe  half 
sum  €i  the  atomic  weights  of  diloriflb  and 
iodhie.  '   "^ 

ffydrdbromaie  of  ammonia^  is  fhrmed  by 
the  union  of  equal  volomes  of  hydrobromic 
acid  and  ammonia.  It  may  also  be  formed  in 
die  liquid  way  from  hydrc^romfc  add,  or  by 
putting  brome  into  water  of  ammonia.  The 
results  of  this  action  are  the  emisdon  of  heat 
without  light,  die  disengagement  of  azote,  and 
the  fimnadon  of  hydrobromate  of  immonia. 
Nothing  corresponding  to  chloride  of  axote 
seems  to  be  produced. 

Hydrobromate  of  ammonia  Is  solid,  wUte, 
becoming  yeUow  in  moist  tax^  and  thus  ac- 
quires the  fiu^lty  of  redflenmg  the  blue  of 
litmus  paper.  It  crystafllies  in  long  prisms,  on 
wliich  other  smaller  ones  are  hnplanted  at  right 
sligleB.    It  is  volatilised  by  heat. 
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>  HyAmibnmaU  ofharytes,  THU  salt  it 
fomied  by  agitating  the  ethereous  solution  of 
brome  with  hydrate  of  bary  tea,  or  by  the  diiect 
vmoD  of  barytea  and  hydrolnoinie  acid. 

Hydiobromate  of  bazytea  fuao  on  exposuie 
to  heat. 

It  18  very  soluble  in  water,  as  wdl  as  in 
aloohoL 

Its  crystals  grouped  under  an  opaque  mam- 
mdatcd  form,  have  no  reaemblanoe  to  the 
transparent  scales  of  muriate  of  barytea. 

Hydrdbromate  ofmagnaHa  is  an  uncryatal- 
llzable,  deUquesoent  salt,  decomposed  like  the 
muriate  liy  exposure  to  a  liigh  heat. 

Bromide  of  lead.  When  into  a  solution  of 
a  salt  of  lead  tome  drops  of  a  hydrobromate, 
diasolved  in  water,  are  poured,  a  white  pred- 
piUte  ensues  of  a  crystalline  aspect,  liice  chlo- 
ride of  lead.  This  precipitate  on  being  strongly 
heated  iiises  into  a  red  liquid,  which  exhales 
thin  white  vapours.  It  afterwards  concretes 
on  cooling  into  a  fine  yellow  mass,  like  mineral 
yellow.  The  pulveralent  bromide  of  lead  is 
decomposable  by  the  nitric  and  sulphuric  adds, 
with  disengagement  of  brome  in  Uie  first  caae, 
and  of  brome  with  hydjobromic  add  in  ^ 
second.  After  it  has  acquired  a  stony  hard- 
ness by  fusion,  it  is  no  longer  acted  on  liy 
nitric  add,  but  jridds  only  to  boiling  sulphuric 
add. 

Deutobromideqftm.  Tin  dissolves  in  liquid 
hydrobromic  add  with  disengagement  of  hy- 


he  resulting  hydrobromate,  evaporated  to 
diynen,  is  transformed  into  a  protobramide, 
veiy  different  finom  the  combination  obtained 
by  the  direct  action  of  brome  on  tin,  which  is 
obrioualy  a  bi-broniide. 

Tin  bums  in  contact  with  brome,  and  is 
converted  into  a  solid  compound,  white,  of  a 
osmtalline  appearance,  very  fusible,  and  easily 
votttQized.  This  bromide  diffuses  in  moist 
air  sUit  traces  of  white  vapours.  It  dissolves 
in  w«er  without 


J  heat,  and  is  con. 
verted  jpto  the  acul  deuto-bvomate. 

Pla^  in  hot  sulphuric  add  it  melts,  and 
rem^s  at  the  bottom  of  the  liquid,  in  the 
Ibrwi  of  drops  of  oil,  without  sofiering  any 
visible  change.  Nitric  add,  on  the  other  hand, 
produces  m  a  few  seconds  a  brisk  evohition  of 
brome. 

The  dentobromide  of  tin,  oocrespondiBg  to 
the  fuming  liquor  of  Libavius,  possesses  few 
of  the  properties  of  this  compound. 

Bromides  qf  mercury.  Mercury  combines 
in  several  proportions  with  broma  A  sdutioii 
of  an  alkaline  hydrobromate,  actina  on  the 
protonitrate  of  mercury,  determines  toe  form- 
ation of  a  white  predpttate,  similar  to  calomel, 
and  which  appeam  to  be  a  proto-bromide  of 
this  metaL  Brome  attacks  mercury  power- 
folly.  The  combination  takes  {daoe  with  a 
disengagement  of  heat,  without  lisht.  A 
white  matter  results,  sublimablc  by  neat,  so- 


hiUein  water,  akoM,  and  especially  in aliar, 
predpitable  in  a  red  or  ydlow  form  by  alkalis, 
and  presenting  thus  many  analogies  with  cor- 
rosive sublhnate.  It  is  diaracteriEol,  how- 
ever, by  the  foculty  of  afibiding  luddy  va- 
pours of  brome^  when  treated  with  nitric,  and 
still  more  so  with  sulphuric  add,  on  acooont 
of  the  higher  heat  to  which  the  latter  may  be 
subjected. 

Bromide  qf  lUver.  The  nitmte  of  silver 
produces  with  the  soluble  hydrobnmates,  a 
curdy  predpitate  of  bromide  of  silver. 

This  eompoond,  of  a  pale  canaiy.yenow 
hue  when  dned  in  the  shade,  blackens  when 
moist  in  Ae  lidit,  but  less  easily  than  chlo- 
ride of  silver.  Like  it,  it  is  insoluble  hi  water, 
soluble  in  water  of  ammonia,  and  insdhible  in 
nitric  add,  which  producrs  no  efleet  en  it» 
even  at  its  boiling  lieat ;  but  boiling  snlpbaiic 
add  disengagea  Ihrni  it  aome  vapoon  of  tarame. 

Bromide  of  silver  foses  by  heat  into  a  ved- 
dish  liquid,  which  concretes  by  cooling  into  a 
substance  of  a  ydlow  ooloor,  and  a  homy 
appearance.  Hvdrogen  In  tiie  gaseous  state 
can  ako  eflfect  its  deoonipodtion.  Metalfie 
silver  and  hydrobromic  add  reault  The  tato- 
mide  of  silver  was  analysed  on  thia  principle. 
A  quantity  exactly  weighed  was  intradttcal 
into  a  mixture  of  pure  sine  gramilaied,  auid 
dilute  sulphuric  add.  The  s&ver  was  rvviwd, 
and  its  weight  was  taken  after  the  whole  line 
had  been  completdy  diasolved  away.  The 
mean  of  two  experimental  whidi  differed  little 
irom  each  other,  gave  for  the  oompoamoft  of 
this  body,  in  100  parts, 

Silver  .  .  58.9 

Brome  ...         41. 1 

This  makes  the  prime  equivalent  voy  ncariy 
9.6  to  ail  ver  1 3.75,  whidi  rapnadies  tary neariy 
to  10,  the  half  sum  of  chknine  and  iomne. 

Bromide  of  gold.  Brome,  and  its  aqueoos 
solution,  disadve  hmima  of  gold.  A  yellow 
bromide  is  thus  procured,  wUdi  gives  aviolet 
stain  to  snhnal  substances,  snd  is  decomposed 
by  heat  mto  brome  and  metsDic  gold. 

Plaiimtm  dissolves  in  bronM^nitiie  SKid, 
though  it  is  not  acted  on  by  farame  at  oidi- 
nary  temperatures,  and  thereby  fonna  a  oom- 
binallon  of  a  ydlow  colour,  deoomposabie  by 
heat,  and  which  predpitatea  with  the  salts  of 
potaah  and  ammonia  in  a  ydlow  powder, 
ali^tly  soluble. 

Bfomty  u^ien  transmitted  in  vapour  over 
potaah,  soda,  baiytea,  and  lime,  aft  a  nd  heat, 
oeeadona  a  livdy  incandeacenoe.  Oxygen  gss 
is  evolved,  and  then  ia  found  in  the  interior  of 
the  glass  tnbe  bromides  of  potassinm,  sodkmi, 
&&  Oxide  of  shic  in  the  same  dfaomsbmces 
doea  not  act  on  brome.  Ignited  anlnliaCe  of 
potash  resists  the  action  of  h(ome{  Wt  the 


posable  by  this  new  body,  widi  the 
ment  of  carbonic  add  said  oxygen, 
seems,  in  th^  liquid  way,  capable  of 
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I  of  rnddo,  ttofpolaBli,  &e.MMlo|pBn 
to  the  dikri(k>  of  the  lame  bMM.  When 
bnme  is  |mt  dther  by  italf«or  in  its  etheneiis 
sdittkm,  into  cxmoenizated  aflcaline  or  esflby 
•olutioas,  thoe  is  fonned  noC  mdy  cnbifi  ays* 
tsls  of  tlM  hydrobieaiatBS»  bat  crystalline 
needles  of  bromates.  It  would  appear,  there, 
f oie,  that  brame  cnreiaei  on  the  metab  a  less 
enei^etie  aetion  than  chlorine,-  bat  one  superior 
to  lodioe.  The  iodides  are  deoomposed  by 
hniDie»  and  the  bromides  in  their  turn  by  diloN 
line.  Iodine,  which  deeompoies  readily  pou 
asli  and  soda  at  an  elevated  tenaperatore,  does 
notact  on  baiyteN,  with  which  it  merely  onites, 
fbmiing  an  iodide  of  the  earth.  BKMDe,oBtlie 
oootnry,  efiects  thedeoomposition  of  this  base, 
and  even  of  lime,  but  cannot  act  eflkadously 
on  magnesia,  which  yields,  however,  to  chlo- 
liae. 

Brame  combines  with  dilorine  at  opdiossry 
temperstnts.  This  compound  may  be  pro- 
cnnd  by  patsing  a  eurient  of  dblorine  gas 
tiinNigh  bfome,  and  condensing  the  vapours 
dlsen^ged  by  means  of  a  fioohig  mixtuxe. 
Chlondeof  brome  appears  under  the  form  of  a 
nddisb-yeflow  liquid,  much  kss  deep  than 
braoie  iisdf  I  of  a  brisk,  penetrating  odour, 
strongly  exciting  tears.  Its  taste  is  excessively 
djaagreeable.  It  is  fluid,  and  very  volatile. 
Its  vapours,  of  a  dark  jrdlow,  similar  to  the 
colour  of  oxides  of  chlorinet  have  no  resem- 
to  the  ruddy  hue  of  the  vi^mmits  of 


It  determineK  the  combustion  of  metals, 
widi  which  it  probably  forms  chlorides  and 


It  is  sohible  in  water,  producing  a  liquid 
pfiwiBng  the  peeulisr  colour  and  odour  of  the 
compound,  and  which  rapidly  bhnehes  lidnus 
paper  without  reddening  it.  The  alkalis  con. 
vat  this  chloride  into  hydtodilocates  and  by- 


Bromide  of  Iodine,  Iodine  seems  suscepli. 
ble  of  faming  with  brame  two  difoent  com- 
poandi.  When  these  two  bodies  are  made  to 
act  on  csdi  other  in  certain  proportions,  a  solid 
ocnpoond  results,  which  produces,  by  heat, 
nddkh.brawn  vapouis,  that  condense  into 
moO  oyitals  of  the  same  coloor,  hi  fbim  re* 
•eDDbfing  leaves  of  fiam.  A  new  addition  of 
bnme  traasforms  these  crystals  into  a  liquid 
compound,  ot  an  appearance  similar  to  hydii- 
edie  arid  Btvongly  chaiged  with  iodine.  liquid 
bmnide  of  Iodine  is  miadble  with  water,  to 
which  it  oommunicates  the  fiwulty  of  decolour- 
mg,  wtthout  leddening^  litmus  oaper.  Alkalis 
Mtrad  into  this  solution  give  pirth  to  hydro- 
Ronates  and  (hydr)iodates,  as  analogy  hidi. 


Bromide  of  P1m»fhorue,  Phosphorus  and 
borne  put  in  contact  in  a  flask  filled  with  car- 
bonic aesi  act  suddenly  on  each  other,  with  the 
pndnction  of  heat  and  light  The  resulting 
cBUMOimd  is  divided  into  two  portions;  one 
solid,  which  sublimes  into  crystals  in  the  upper 


part  of  the  vessd  i  the  other  liquid  Mtaaint 
below.  This  bitter  compound  appeals  to  con- 
tain less  brome  than  the  crystalline  solid,  for 
by  adding  more  brome  to  the  foimer  it  assumes 
this  state. 

The  protobromide  of  i^iosphonui  remains 
liquid  even  at  a  tempomture  of  10'  Fabr.  It 
feebly  reddens  litmus  paper,  an  eflfect  probably 
due  to  the  materials  not  having  been  perfectly 
dvy.  It  passes  readily  into  vapour,  aiffiiaing 
in  the  air  pungent  VMKMirs. 

JUke  the  proto-duorlde,  it  can  dissolve  an 
excess  of  phosphorus,  and  dins  scquire  the  pro- 

nof  settins  fire  to  combustible  bodies  put 
ntact  wim  it  It  reacts  on  water  with 
great  eneigy,  producing  much  heat,  with  a 
disengagement  of  hydrobromic  acid,  which  * 
may  be  received  in  a  gaseous  state  when  only  a 
few  drops  of  water  have  been  used,  but  wliich 
zeoudns  dinolved  in  this  liquid  when  more  of 
it  has  been  added.  This  add  solution  sub- 
jected to  evaporation  leavea  a  residuum,  which 
bums  slightly  when  dried,  and  is  thus  con- 
verted into  phosphoric  addl 

The  deutoJfromide  o/phosphorue  is  solid, 
and  of  a  yellow  colour.  At  a  slightly  elevated 
temperature  it  resolves  itsdf  into  a  red  licmid, 
affording,  by  heat,  vapours  of  the  same  tiue« 
When  the  fused  deuto-bromide  is  oodled»  or 
when  its  vapours  sre  condensed,  in  the  first 
case,  rhomboidal  crystals  are  formed,  and  in 
the  second,  needles  implsnted  on  one  soother. 

Metals  decompose  it,  producing  bromides, 
and  inobably  phospburets. 

It  diffuses  in  the  air  dense,  pungent  vaponn. 
It  effects  the  decomposition  of  water  on  the 
evolutioo  of  heat,  and  the  production  of  hydro- 
bromic  and  phosphoric  adds. 

When  chlorine  is  made  to  act  on  either  of 
these  bromides  of  phosphorus,  ruddy  vapours  of 
brome  are  exhaled,  and  chloride  of  phosphoruf 
remains.  Iodine  cannot  decompose  these  «An- 
binations.  On  the  contrary,  violet  vusours, 
and  some  bromide,  are  obtained  whea  %rome 
acts  on  the  iodide  of  phosphorus.         , 

Bromide  of  Sulphur  is  obtained  by  ttouring 
brame  on  sublimed  sulphur.  A  tiquul  com- 
pound results  of  an  mly  appearance,  of  a««dil 
diah  tint,  deeper  than  that  of  chloride  of  sul- 
pfauc,  cspable  of  diflltting  like  it,  on  contact 
with  air,  white  vapours  of  a  similar  smelL 
Bnnnide  of  solfdmr  affects  but  feeblv  litmus 
vopeti  but  with  water  it  strongly  reddens  it 
Water  in  the  cold  .acts  slowly  on  bromide  of 
sulphur ;  but  at  the  boiling  temperatiae  it 
produces  a  feeble  detonation.  Hydrbbntmio 
and  sulphuric  adds  sre  formed  along  with  sul- 
phiiietted  hydrogen ;  whereas,  in  the  same  at-' 
flnmstancfs,  chloride  of  sulphur  would  have 
produced,  without  any  ei^losun,  muriatic^ 
sulphurous,  and  sulphuric  adds.  Bromide  of 
sulphur  is  decomposed. by  dilorine,  with  dis- 
engagement of  brome,  and  production  of  ddo- 
lide  of  sulphur. 

Hydro-carburet  of  Bfom/e,    Although  car- 
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boa  and  brome  bave  not  appumOf  any  ten* 
dency  to  combine,  yet,  on  iNMiriog  a  dvp  of 
brome  intoa  flask  filled  wiinolefiant  gaa,  it  ia 
instantly  converted  into  a  substance  of  an  oily 
aspect  heavier  than  water,  coloudeas,  and 
which  presents  no  longer  the  lively  odour  of 
brome,  but  an  etheieoas  smell  more  agreeable 
than  that  of  the  hydrocarbuiei  of  chlorine 
(chloric  ether> 

The  hydio-caibuiet  of  brome  is  volatile,  and 
is  decomposed  in  txavecsiog  an  ignited  glass 
tube.  In  this  experiment  a  deposit  of  chwDoal 
ftUs,  and  hydrobiomic  add  escapes. 

It  bums  on  contact  of  a  lighted  taper,  pro. 
dudng  veiy  add  Tapoors  and  dense  smoke, 
Gonsiating  of  findy  divided  chaicoaL  Bromide 
of  carbon  does  not  seem  to  form  when  the 

^  above  hydro*carbuiet  of  brome  ia  exposed  to 
the  sunbeams. 

f  By  distillinff  the  mother  water  of  salt  sfsinga, 
ydlowed  by  <£lor]ne,  a  similar  hydio-carburet 
of  brome  is  obtained,  mixed  with  biomc,  which 
may  be  separated  by  the  action  of  water.  It 
happens  occasionally  that  the  whole  biome  ia 
thua  converted  into  hydro-carburet.  Thia 
tranaformatioa  is  probably  oocadoned  by  the 
action  of  brome  on  a  small  quantity  oiatguac 
matter  which  the  spzii»s  contam,  and  which 
civea  to  the  residuum  or  their  evapontion  the 
ncul^  of  becoming  bUuk  when  sttoogly 

The  great  affinity  which  biome  has  for  hy« 
drogen  enables  us  to  antidpate  its  mode  of 
action  on  organic  bodiea.  It  decomposes  the 
greater  part  of  them,  with  the  production  of 
hydrobromie  add,  and  the  occasional  predpi. 
tation  of  carbon. 

'Brome  dissolves  readily  in  acetic  add,  on 
which  it  acu  but  >h>wly.  It  ia  veiy  soluble  in 
alcohol  and  ether.  The  coloured  solntjone 
iKhich  diese  two  liquids  form  lose  thdr  tint  at 
the  end  of  a  few  days,  when  hydrobromie  add 
is  fim^  combined  with  the  liquid. 

ThU^ed  oils  have  little  eStet  on  brome; 
but  on  pouring  a  few  dropa  of  thia  substance 
into  a  ^latile  oil,  that  of  tuzpentme  or  anise* 
seed,  fbr  instance,  heat  is  occasioned,  white 
«^i0ura  of  hydrobromie  add  exhale,  and  the 
eniftiHsl  oil  is  converted  into  a  resinous  sub- 
stanoe,  of  a  yellowish  colour,  and  tarry  con* 
aistcnce,  similar  to  turpentine. 

Camphor  dissolves  in  brame^  fanning  a  oys* 
talline  compound. 

Brome  is  present  in  sea-water  in  very  minute 
quantitj.  The  modier  water  of  salt  springs 
(taHiUi)  even  contahis  rery  little  of  it,  though 
the  conoeotcBtion  has  been  canied  very  ^  It 
exiats  there  probably  in  the  state  m  hydro, 
bromuate  of  magMsia.  Marine  TCgetables  and 
animab  also  oonfiiin  brame.  The  incinerated 
planta  of  the  Mediteotanean  aiibrd  a  yellow 
tint  when  the  pradntt  of  thdr  lixiviatioii  ia 
tnated  with  cUorina  Notable  quantities  of 
brome  may  be  extracted  from  the  mother 
waters  of  kelp  that  aflbid  iodine.    Hie  best 


method  of  «htaliifag  tile  hremr  ftora  drfi  «Bi. 
pound  matter,  ia  to  precipitate  the  iodine  hy  a 
ssit  of  copper,  to  separate  by  filtration  the  in- 
soluble iodide  of  this  metal,  to  evaporate  the 
Ik^juid,  and  to  treat  theradduum  with  aniphimc 
acid  and  manganese.  Balard^  Anmaiu  de 
Chim.  et  Phys.  xxxiL  337* 

AL  SeruUaa  baa  fiunidied  some  additienal 
fa^  on  Brome^  ia  a  memoir  read  to  tiie 
Academy  of  ScMneea  on  the  I6th  January, 
1827. 

Solid^/katim  of  Brome.  By  phniging  a 
tube  containing  some  of  it  into  a  freen^g  nda* 
tuK  at  — 4**  Fahr.  thehnne  became  instantly 
solid*  and  very  hard,  and  it  broke  by  a  blow. 
He  firmed  a  hydroHBarbuset  of  farooBe,  by  pro- 
jecting on  it,  in  exeees,  a  small  qnaatity  of 
nydriodide  of  carbon.  The  deoompositiBb  is 
instantaneous,  with  heat  and  a  hisnng  nesaa 
One  part  of  brome  is  snbatilnted  fbr  tiie  iodine, 
combining  with  the  carburetied  hydrogen,  fiir^ 
aishing  an  additional  cxamide  of  the  njaplaee. 
ment  of  iodine  by  broma  The  hydrocarUuet 
of  brome,  after  washing  wkh  potMh  watery  ia 
eokmilBBa,  vary  volatile,  denaer  than  walsB,  of 
apenetmting  etheseons  smell,  anda  taale  ec 
oesdvdy  aacdiarinft,  whidi  it  connminioaiae  la 
water  poued  over  U,  in  whidi  it  is  sli^tly 
sdlubla  Hydro-carburet  of  brome  rsmane 
sdid  at  a  temperatun  of  about  42*  Fahr.  It 
is  then  hard,  and  breaks  like  eanqiboa 

Hydrobromie  ether  may  be  obtained  Bsarly 
in  tlie  same  way  ashydriodic  ether  is  piepaied 
bv  M.  SteuUas,  via  by  acting  on  alodiol  with 
phoaphuret  of  iodine,  to  whidi  a  little  iodine  ia 
aucoesdvdy  added,  by  distilling  off  thealeohol 
and  separating  die  ether  whidi  it  holds  laaQln. 
tion,  by  cold  waters— ^mmIbs  df  CAiaa  d  dr 
Ph^t,  XXT.  323. 

Hydrobromie  Mer  is  oolouiless  and  taane- 
parent  after  long  repose,  denser  than  water, 
of  a  strong  ethereous  odour,  a  pungent  taate^ 
and  very  volatile.  It  doea  not  diaags  ita  co- 
knir,  like  hydriodic  ether,  by  bring  kept  under 


Qwfijde  qf  hrome  was  fonned  by  putting 
two  parts  of  cyanide  of  mercury  into  theaealed 
end  of  a  glass  tube,  plunging  this  ia  iced  water, 
and  adding  I  part  of  bcoina  A  lively  action 
takes  place  with  heat,  and  the  eyanide  crfatal. 
liaes  in  long  needles  in  the  unper  port  of  the 
tuba  These  may  be  diatiUed  over  into  a 
cooled  recdTer-tuba  It  reoemUea  voty  dooely 
the  cyanide  of  iodine,  but  ia  more  volatile.  It 
ii  also  very  poisooeoa*  even  in  its  vsponr. 

BBONZE.  A  mixed  raenO,  ronaisring 
chiefly  of  copper,  with  a  small  pnpestion  ef 
thi,  and  sometimsa  other  metala  Itiauaed 
for  casting  statues,  cannon,  bdla,  and  other 
artides,  in  all  whidi  tiie  pMportiona  of  the 

BB^ZITK  Ihb  meedve  mineral  has  a 
paeudo-mctallic  hntre,  ftequeatiy  reaembUng 
bransa  Ita  colour  ia  iDtesmediate  between 
yeUowiah^brown  and  pinrhhfdi-browa.    I«a» 
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He  ahiiilng ;  liummw  Imcikr  widk  jflinta, 
iMiallel  to  the  lateni  phnes  of  a  i homboidal 
primi;  the  ftagDoents  «a»  Unaked  OD  tke  tmu 
&ce.  IiieopaifUeinnaM,  bnttnnepeicatiB 
tfaio  plelea.  White  ebceak;  lomevfaat  had, 
bat  cuOy  tankcn.  Sp^  gb  3^  It  it  eon. 
posed  of  GO  iilias  27*5  magneeia,  ia5  oxide 
of  iron*  and  OJi  water.  It  if  fimnd  in  laige 
maeies  in  beds  of  aopentiDe^  neur  Kianbet^  in 
Uppee  SliEia ;  and  in  a  ■foaitic  xoek  in  CMen 
Tilt,  in  Perthshiie. 

BROOKJTE.  In  exanoDiDg  eome  well 
defined  ei7acali6aDSBovden,  wueh  had  been 
Hawed  bj  eome  with  zatOe,  by  othen  with 
sphene,  M.  Lefj  tend  a  anbetance  which  oer« 
tainly  difien  fiom  both,  ita  Ibrai  being  de» 
rivaUe  ftom  a  tight  ilisBabie  piiiam,  while  the 
primittfe  ftna  ov  riitile  ia  a  iqusie  pnam^  and 
thatof  apheneanoUiqneifaombicpnBn.  See 
figima  of  it  ia  j^MuOt  of  PM^  ix.  140. 

BBOWNSPAB.    PeadSpar.ormdenK 
caldle.     It  eeam  maeeive,  and  in 
rbombaida  widi  ciuvilinear  &obi>    Ita  t 


are  white»-  nd,  and  brawn,  or  even  peBrl;.grey 
andUadk  It  is  fiMod  cryetelikcd  in  flat  and 
aeoCe  daahle  thne-nded  pyiamida,  hi  oUiqaa 
■hMJded  pynmida,  in  kmee  and  ihonbe.  It 
is  hoidet  than  eslcsieoiis  spar,  but  yields  to 
tile  knife.  Ila  eztenial  lustxe  is  shining,  and 
hitcnial  feaily*  8p.  gr.  9^88.  TrauuiuHit, 
it;  it  is  emStf  hnkm 
flEsgmcDts*  Jt  cfiefvcsees 
dowly  with  aeiAb    fi  is  oompoaed  of  40.10 


of  lisne,  4430  carbonate  of  mag« 
Msia,  S4  oxide  ai  iron,  and  1.6  manganeie, 
by  Hidngeit^s  aailysls.  Klaprath  foond  SSI 
rsilMiHa  of  magnesia,  7-6  casbanate  of  iron, 
2  csfbonalB  of  manganese,  and  51.6  carbsnate 
oflune. 

Than  is  a  fmiety  of  this  mfaionl  of  a  fibsons 
tOAne,  Aeeh^red  eolonr,  and  masslTeb 

BRUCIA,  or  BBUOINE.    A  new  Toge. 

taUeaiUl,  lately  eztnctcdfnm  te  bade  of 

the  fidm  sngosdim,  or  BnekiaitHdyienUnca^ 

by  MhL  Pdletier  sodCafcntoo.    Alter  being 

treatfldL  with  snlpbmric  edier,  to  get  rid  of  a 

fatty  matter,  it  was  niijeetad  to  the  action  of 

aloohoL    The  dry  icsldttoni,  ftom  the  era- 

ponalad  aleshoBc  sohitiin,  was  treated  with 

Cioulsnl's  ejMmet,  or  sdlntlott  of  sabacstate  of 

lead,  to  tiaow  down  the  oolooiing  matter,  and 

the  exesH  of  lead  was  separated  by  a  eorrmt 

ofsnlshunttedlqfdeogen.    The  needy  cohmr* 

km  aifadfaie  liqmd  was  salnafted  with  ondio 

idd,  and  emporated  to  dryness.    The  saKne 

oiam  befag  £EBad  flom  ilaxemainmg  colouimg 

particks  by  absohits  aleohol,  was  then  deeom- 

posed  by  Hme  or  magnfsia,  when  the  hrucia 

vm  dieengaged.    It  was  dioKdved  in  boiUng 

deohol,  nd  obtafaied  ha  crystals,  by  ihe  dow 

evi^Mnttion  of  the  liquid.     These  crystsU, 

wbn  obtamed  by  veiy  dow  evaporation,  are 

obijqoe  prisms,  die  bases  of  which  are  paral- 

Idegnma.    When  deposited  from  a  satmated 

mMob  fai  boOfaig  water,  by  coding,  it  is  in 


bi^  phrtes,  somewhat  dmikr  to  bdneic  aeid 
in  appearance.  It  is  sohible  in  600  thnei  its 
wei^t  of  boiUng  water,  and  in  850  of  cold. 
Its  solubility  is  mudi  increased  by  ihe  ooloar*. 
hig  matter  of  the  bark. 

Its  taste  is  exceeding^  bitter,  acrid,  and 
durable  in  tlie  mouth.  When  administered  in 
doees  of  a  few  gtains,  it  is  poisonous,  acting  on 
animals  like  stiydmia,  but  much  less  violently. 
It  is  not  sfficted  by  the  air.  The  dry  crystals 
fuse  at  a  temperature  a  litde  above  that  of 
boiling  water,  and  aesume  the  appearance  of 
wax.  At  a  strong  heat  it  is  reeolved  into  csr- 
bon,  hydrogen,  and  oxygen ;  without  any  trace 
of  aaote.  It  combines  with  ^e  adds,  and 
foims  both  neutral  and  supesMMlts.  Sulphate 
of  bnida  crystaUiaes  in  long  slender  needle^ 
idiich  sppear  to  be  four-sided  prisms,  temu- 
nated  by  pyramids  of  extreme  fineness.  It  k 
very  soluble  in  water,  and  modemtdy  in  aloo. 
hoL  Its  taste  is  very  bitter.'  It  is  decomposed 
by  potash,  soda,'  ammonia,  baryta,  strontites, 
lime,  magnesia,  morphia,  and  strrduia.  The 
biaulphate  crystaUiaes  more  readily  than  dm 
neutrsl  sulphate.  The  hitter  is  said  to  be 
composed  of 

Sulphtirfc  add,        a84  6 

Bmda,  01.16  61.682 

Muriate  of  brada  forms  in  four^ided  prisma, 
tfrminatrd  at  each  end  by  an  oUique  fiice.  It 
is  pennancnt  in  tiie  air,  and  very  soluble  in 
water.  It  is  decomposed  by  sulphuric  acid. 
Conoentraied  nitric  and  destroys  the  alkaline 
basss  <rf  both  these  salts.  The  muriate  oon« 
siatscf 

Add,  &063  4026 

Bruda,       04.046         72.6 

Phosphate  of  bmda  is  a  crystaUiaable,  sdu. 
Ue,  sad  dightly  effloresoent  salt.  Thenitmt^ 
fimns  a  gummy-looking  mass;  the  binitrate 
ayataUiaes  in  adcnlar  four-sided  prisms.  An 
exeea  of  nitric  add  decomposes  ihe  bmda  Ittb 
a  matter  of  a  fbe  red  eolour.  Acetate. imd 
oxahMe  of  brada  both  crystallise.  Bsgda  is 
insdnhle  in  sulphuric  ether,  the  fixed  oils,  and 
▼sry  di^tly  m  the  volatile  oils.  Whin  ad. 
ministered  internally,  it  produces  tetanus,  and 
ads  upon  the  nerves  without  affiictfaig  the  br4l^  * 
or  ihe  intdlectoal  fhcuhies.  Its  hitendty  is  tb 
that  of  strychnia,  as  1  to  12.  From  the  dia^ 
cr^andes  in  the  prime  number  for  bruda,  de* 
duoed  flcom  ihe  above  analyses,  we  see  diat 
its  trae  equivalent  remams  to  be  determined* 
See  Jommal  de  Fharmade,  Dec.  1810. 

BKUCITE,  or  CONDRODITE.  TUs 
nuaeml  occurs  mssdve  and  in  small  grsins, 
crossed  by  nearly  paralld  refts.  Colour,  wine^ 
or  wax-ydlow;  tranducent;  scratches  slass 
with  ease,  and  yidds  to  the  knifb  with  diffi- 
cuhy.  9p,  gr.  8.22,  &66.  By  rabbhig,  it 
beeomes  ne^vdy  dectdc.  It  consists  of 
magneshi  64,  dlica  88,  oxide  of  iron  6.1, 
alnmhia  1.6»  potash  0.86,  manganese  a  trace. 
CoHHtf  i'Ohiton,  In  ihe  North  American  spe- 
cimen, fiuorie  add  has  been  fimnd  to  tlw 
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^tnomt  cf  4  fftr  cmi.    It  is  found  tt  Paigai, 
in  Fhiland,  imd  at  Sparta,  in  New  Jeney. 

BRUNSWICK  GREEN.  Thia  is  an 
Momoniaco-inuTiate  of  copper,  much  used  for 
paper-hangings,  and  oo  uie  continent  in'  oil 
painting.    Sw  C6pps«« 

BUCHOLZITE.  Iliis  mineral  is  amor- 
phoos,  spotted  witli  white  and  bladi.  Lustre 
glirtening.  Teitnie  fibrous.  It  scratches  glass, 
but  is  scratdied  by  quarts.  Its  constituents 
are,  silica  46,  alumina  50,  potash  1.5,  oxide  of 
iron,  2.6.   Bramdet,  It  is  found  in  the  TyroL 

BUCKLANDITE.  This  mineral  has  hi- 
therto  been  ranked  with  the  pyroxenes,  to 
which  it  has  a  great  resemblance  in  form  and 
external  characters.  Colour  of  the  oystah, 
brown,  nearly  black,  and  opaque^  They  easily 
scratdi  glass,  and  seem  harder  than  pyroxene. 
The  forms  of  the  oystals  may  be  denved  ftom 
an  oblique  rhombic  prisoi. — Mr.  Lofy  in  An- 
nait  ofFMhtophp,  N.  S.  ▼&  134. 

BUNTKUPFERBRZ.  Purple  copperore. 

BUTTER.  The  oily  inflsmmaUe  part  of 
milk,  which  u  prepared  in  many  coantries  as 
an  artide  of  food.  The  commoo  mode  of  pro- 
serring  it  is  by  the  addition  of  salt,  which  will 
keep  it  good  a  considerable  time,  if  in  sufficient 
quantity.  Mr.  Eaton  informs  us,  in  his  Survey 
of  the  Turkish  Empire,  that  most  of  the  butter 
nsed  at  Coostantiiiople  is  brought  ftom  die 
Crimea  and  Kirban,  and  that  it  is  kept  sweet, 
by  melting  it  while  fresh  over  a  very  slow  fire, 
and  rcmovhig  the  scum  as  it  rises.  He  sdds, 
that  by  melting  butter  in  the  Tartarian  manner, 
and  then  salting  it  in  oars,  he  kept  it  good  and 
fine-tasted  for  two  yean ;  and  that  this  melt- 
ing, if  carefoDy  done,  injures  neither  the  taste 
HOT  colour.  Thenard,  too,  recommends  the 
Tartarian  method.  He  directs  the  melting  to 
be  done  on  a  watar4)ath,  or  at  a  heat  not  ex. 
oeeding  ISO*  Fahr. ;  and  to  be  oontintted  tUl 
aMie  caseous  matter  has  subsided  to  the  hot- 
tonH  and  tlie  batter  is  Mmsparent.  It  ia  then 
to  Mdecanted,  or  stndned  through  a  doth, 
and  aooled  in  a  mixture  of  pounded  ice  and 
salt,  ^  at  least  in  odd  spring  water,  odierwise 
it  will  become  lumpy  by  crystallishig,  and 
Vtewise  not  resist  the  aetioB  of  the  air  so  wdl. 
Kept  in  a  dose  vessd,  and  in  a  cool  |daoe,  it 
will  thus  remain  six  mondis  or  more^  neariy  as 
good  as  at  first,  particulsrly  after  the  top  is 
taken  o£  If  beaten  up  with  one-dzth  of  its 
weight  of  the  dieesy  matter  when  used,  it  will 
in  some  degree  resemble  fiedi  butter  in  appear* 
•ace.  The  taste  of  rsndd  butter,  he  adds, 
may  be  mndi  corrected  by  mdting  and  cooling 
in  this 


Dr. 

mode  of  curing  bBtter,  whidi  is  as  foOows : 
Take  one  part  of  su^,  one  of  nitie,  and  two 
of  the  best  Spani^ih  great  salt,  and  mb  Oieni 
togeiiier  into  a  fine  powder.  This  compoai. 
tion  is  to  be  mixed  thoroughly  with  thebottcr, 
as  soon  as  it  is  oompletdy  need  from  the  niUc, 
in  the  proportion  of  one-oonee  Co  sixteen;  and 
the  butter  thus  prepared  is  to  be  preaed  tight 
into  the  vessd  prepared  for  it,  so  as  lo  leave 
no  vacuities.  This  butter  does  not  tsste  w^ 
tillithasstoodat  lesstaibrtnight;  itthcalun 
a  rich  marrow  flavour,  that  no  other  batter  ever 
acquires;  snd  with  proper  care  may  be  kept 
for  yean  m  this  djmate,  or  carried  to  the  East 
Indies,  if  packed  so  as  not  to  meit 

In  the  interior  parts  of  ^^ftioa,  ME.Paric  in. 
forms  us,  there  is  a  tree  mudi  resembling  dsa 
American  oak,  producing  a  nut  in  appeaianee 
somewhat  like  an  olive.  The  kemd  of  tias 
nut,  by  boiling  in  water,  afibrds  a  kind  of 
butter,  which  is  whiter,  finner,  and  of  a  rider 
flavour,  than  any  he  ever  tasted  made  from 
cows*  milk,  snd  nill  keep  without  salt  the 
whole  year.  The  nadves  cell  it  sAm  «Datei, 
or  tree  butter.    XiSige  qnaadtiesof  it  are  i 


BUTTER  OF  ANTIMONY.    See  A>r. 

TIMOHT. 

BUTTER  OF  CACAO.  An  ofly  con. 
Crete  white  mattsr,  of  a  firmer  eonsisteDee  dian 
suet,  obtsined  from  the  cacao  nut,  of  wliich 
choodate  is  made.  The  method  of  sepantinf^ 
it  oondsts  in  bruising  the  cacao  and  boiling  it 
in  water.  The  greater  part  of  die  aopcr- 
abundant  and  uacombined  oil  oontaiDed  in  the 
nut  is  by  tliis  means  liquefied,  and  rises  to  tlie 
suifooe,  where  it  swims,  and  is  left  to  congeal, 
that  it  may  be  the  more  easily  taken  oC  It  ia 
generally  mixed  with  small  pieen  d  the  nut, 
from  wuch  it  may  be  purified,  by  keeping  ir 
in  fusion  without  water  in  a  pretty  deq>  vessel, 
until  the  several  matten  have  aaaaged  them, 
sdves  Bcooidii^  to  thdr  spedfic  gmridaa.  By 
this  treatment  It  becomes  vary  pore  and  wldtn. 

Butter  of  cacao  is  without  smdU  and  has  a 
very  mild  tsste,  when  freah;  and  in  all  its  go- 
neral  properties  and  habitudra  it  resembka  fot 
oils,  among  which  it  must  therefore  be  dassed. 
It  is  used  as  an  ingredient  in  pomatu 

BUTTER  OF  TIN.    See  Tor. 

BYSSOLITE.    A  mi 
short  and  somewhat  stiff  filsmcnts,  of  an  oihro- 
,  implanted  pcrpendiealady  like 
sarfaeeofcertsinstonss.    It  has 


moss,  OD  the 

been  found  at  die  foot  of  Mont  BlflM, 

also  near  Oisans  on  gnelsB. 
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CABBAOE  (RED).     See   BRABnici 

€ACAO<BUTT£ROP).  SeeBuTTsm. 
GAGHOIiONO.  A  rmdety  of  quartz. 
ft  ie  fl|NMi«e»  dnll  on  the  torfiMe,  mtenailj 
me  a  fwsnjr  fautre,  brittle,  with  a  flat  con- 
dmndal  flawtore,  and  haider  than  opal.  Its 
«DiQar  if  nrifk-white,  jdtowieh,  or  gieyish- 
^hite.  It  ■  oat  fusible  before  the  blowpipe. 
Jis  wp,  ga?.  is  about  2.8.  It  is  fonnd  in  de- 
-tidied  mnww  on  the  river  Cach  in  Budiatia, 
in  the  tnp  toeics  «f  loeknd,  in  Greenland, 
and  the  Fcne  Isbuids.  Aeoovding  to  Brag, 
ninety  cadiolMgs  are  found  also  at  Ch«npigDy 
nesr  Paiis,  in  the  eavities  of  a  cakareoas 
braeeia,  some  of  whieh  are  hard  and  have 
a  afaining  fiactuxe,  iHiile  others  are  tender, 
light,  adhsee  to  the  tongue,  aod  resemble 
chalk. 

CADlirUM.  Anewmetdficstdisoorered 
by  M.  Straneyer,  m  the  autman  of  1817,  in 
tome  csihonaic  of  sine  which  he  was  exannning 
in  liaaeirei.  It  hao  been  since  fenod  in  the 
Derbyshire  ailiottes  of  sine. 

The  Ariiowing  is  Db  WoOaston's  process 
kt  iHumiaig  cadnaiiim.  It  is  distinguished 
bf  the  nanal  eleganoe  and  prsdsion  of  the 
assl^rtksl  methods  of  dusphflosopher.  From 
(he  sofaitkni  of  the  salt  of  smc  supposed  to 
orfminm,  piednitate  all  the  other 
i  hnpiiiririm  by  uon;  filter  and  im- 
B  a  cylinder  of  sine  mtotfae  dear  sdntion. 
If  odsiiBm  be  pnsent,  it  will  be  thrown  down 
inths  molallie  state,  and  when  ledissolTed  in 
n»BBik  add,  will  exhibit  its  peenUar  cha- 
laetcr  on  the  applicstion  of  the  proper  tests. 

ALSiromeyer^  process  consists  indissolvfaig 
the  snbstance  wlddh  contains  esdmiom  in  sul- 
fkaac  acid,  and  passug  thiDog^  iheae&duloas 
niatlstt  a  cnnsnt  of  sulphuretted  hydrogen 
^.  He  wadico  this  precipitate,  disnlTes  it 
in  rmimiliaiid  mnriariB  aod,  and  eiqiels  the 
ezoenaf  acid  by  evapeiatko.  The  residue 
■  chsndisMlved  in  water,  and  ptscipitalcd  by 
CBibonate  of  aamonia,  of  whidh  an  ezoessis 
sdded,  to  redissolve  the  sine  and  the  eopper 
dac  may  hafie  been  precipitated  by  the  sul. 
phvenad  hydi^gsn  gas.  The  esrhonate  of 
csdauam  being  wdl  waahed,  is  heated,  to 
dose  off  the  cssbonie  add,  and  the  remaining 
9oitt  is  lednced  by  mixing  it  with  lamp- 
bbcfc,  and  esposing  it  to  a  moderate  red  heat 
ia  a  ^btts  or  earthen  retort 

The  colour  of  cadmmm  is  a  fine  white, 
widi  a  sUditdiadeof  bloish-grey,  approaching 
■UKhtottiatafttn;  which  meud  it  resembles 
IB  histre  aod  sosceptflbifity  of  polish.  Its 
teztaie  is  eompaet,  and  its  iractmre  baddy. 
It  oystslliaea  easily  hi  oetobedtons,  and  pre* 
lots  on  its  surface,  when  cooling,  the  appear- 


ance of  leaves  of  fiBrn.  Jt  is  flexible,  and 
yidds  readfly  to  die  knifb.  It  is  harder  and 
more  tenadons  than  tin;  and,  like  it,  staina 
paper,  or  the  fingers.  It  is  ductile  and  maU 
leable,  but  when  long  hammered,  it  scales  off 
in  different  pUces.  Its  sp.  grav.  before  ham. 
medng,  is  aGCMO;  and  when  liammered,  it 
is  8-6944.  It  melts,  and  is  Tolatilized  under 
a  red  heat.  Its  Vapour,  whidi  has  no  smdl, 
maj  be  condensed  in  drops  like  mercury, 
which,  on  congealing,  present  disdnct  traces 
of  crystallisation. 

Cadmium  is  as  little  altered  by  exposure  to 
the  air  as  tin.  When  heated  in  the  open  air, 
it  bums  like  that  metal,  passing  into  a  smoke, 
which  falls  and  foims  a  very  fixed  oxide,  of  a 
bmwnisb-yellow  colour.  Nitric  add  r^ily 
dissolves  it  eold;  dilute  sulphuric,  muriadk^ 
and  evn  acetic  adds,  act  feebly  on  it  with  the 
disengagement  of  hydrogen.  The  solutions 
are  colourless,  and  are  not  predpitated  by 


Gadmium  fonns  a  smgle  oxide,  in  which 
100  psru  of  the  metal  are  combined  with 
14.362  of  oxygen.  The  prime  equivalent  of 
cadmium  deduced  from  tms  compound  seems 
to  be  very  nearly  7,  and  that  of  the  oxide  8. 
This  oxide  varies  in  its  appearance  according 
to  drcnmstances  from  a  brownish-yellow  to  a 
dark  brown,  and  even  aUackish  colour.  With 
charcoal  it  is  reduced  with  rapidity  bdow  a 
red  heat.  It  gives  a  transpazeot  colourleia 
glass  bead  wi£  borax.  It  is'ioioluble  in 
water,  but  in  some  drenmstaboes  foims  a  white 
hydrate,  whidi  speedily  attracts  carbonic  add 
from  the  air,  and  gives  out  its  water  when  ex- 
posed toheau 

The  fixed  alkalis  do  not  dissolve  the  oxid0 
of  cadmium  m  a  sensible  degree;  but  liq«M 
ammonia  readily  dissolves  it.  On  evaporating 
the  solution,  the  oxide  lalls  in  a  dense  gel4d« 
nous  hydrate.  Widi  the  adds  it  forms  salts, 
which  an  almost  aU  eolonrlews,  have  a  sharp 
metallic  taate,  are  genersUv  soluble  in  water, 
and  possess  the  following  characters: 

1.  The  fixed  alkalis  predpitate  the  oxide 
in  Uw  state  of  a  white  hydrates  Whenadded 
in  excess,  theydo  not  redissoLve  the  predpitate, 
as  is  the  esse  with  the  oadde  of  smc. 

2»  Ammonia  likewise  predpitatcs  the  oxide 
white,  and  doubdess  in  the  state  of  hydrate  ; 
but  an  excess  of  the  alksli  immediatdy  re- 
dissolves  the  predpitate. 

3.  The  alkslioe  caibonates  produce  a  white 
piedpitate,  which  is  an  anhydrous  carbonate. 
Zinc  in  the  same  circumstances  sives  a  hydrous 
carbonate.  The  predpitate  formed  by  the 
csrbonate  of  ammonia  is  not  soluble  in  an  ex- 
cess of  this  solution.  Znic  exhibits  quite  dif. 
f'cwDX  properties. 
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4.  Fhoiphttte  of  8oda  exhibits  a  white  puU 
Vflruleiit  pncipitata.  The  precipitate  formed 
hj  the  same  salt  in  adlutioiia  of  zinc,  is  in  fine 
ajBtalline  plates. 

6.  Sulphtuetted  hydrogen  gas,  and  the  hy- 
diOBo^hunts,  precipitate  caihnium  ydlow  or 
oomoe.  This  precipitate  leBemUcs  orpimeot 
ft  littte  in  oobw,  with  whidi  it  might  be  con. 
founded  without  suffldoit  attentaon.  But  it 
may  he  distinguished  by  being  more  pulveru* 
knt,  and  predpitaling  more  rapidly.  It  differs 
poxticiilauy  in  ite  easy  sohibdity  in  muriatic 
add,  and  in  its  fixity. 

&  FcRopTussiate  of  potash  predpitates  so- 
lutions of  cadmium  wldte. 

7*  Nutgalls  do  not  occasion  any  diange> 

8.  Zinc  predpitates  cadmium  in  the  me- 
tallic state  in  the  fhrm  of  dendridcal  leaves, 
wUch  attach  themsslTes  to  the  zinc. 

The  cKbonate  consists,  by  Stromeyer,  of 
Add,     100.00        26.4        2.760 
Oxide   302.88        74.6        8064 
,  The  sulphate  crystallizes  ha  large  rectangular 
tianspazerit  prisms,  simihff  to  su^hate  of  zinc, 
and  very  soluhla  in  water.    It  effloresces  in 
the  air.    At  a  sttongred  heat  it  gives  out  a 
portion  of  its  add,  anid  becomes  a  subsulpliate, 
which  crystaUiaes  in  plates  that  dissolve  with 
difficulty  in  water.  Tne  neutral  sulphate  con- 
Add,    100.00        88.3        6.000 
Oxide,  161.12        61.7        8.066 
100  parte  of  the  salt  take  34.26  of  water  of 
crystallization.    Nitrate  of  cadmium  crystal- 
Uaes  in  prisms  or  needles,  usually  grooved  in 
says.     It  is  deliqnesoent.     Its  oonstitucnte 

Add,  10000  46  6.76000 
Oxide,  117.68  64  7*93666 
100  parts  of  the  dry  salt  take  28411  water  of 
crystallization.  Tho  muriate  of  cadmium 
crystallizes  in  small  reetansular  prisms,  per* 
tetly  transparent,  which  erffcesce  easily  when 
Mned,  and  which  axe  vary  soluble.  It  melts 
nnder  a  red  heat,  loses  ha  water  of  crystsUiza- 
1i0t,  and  on  eooUog  assumes  the  form  of  a 
foliated  mass,  which  is  transparent,  and  has  a 
lustre  sligfatly  metallic  and  pearly.  In  the  air 
it  speedily  loses  ite  tranqparancy,  and  faUs 
down  in  a  white  powder.  100  parts  of  fuaed 
dddcide  are  composed  oi; 

Cadmium,  61.39  7-076 

Chlorine,    68.61  4.460 

Phosphate  of  cadmium  is  pulverulent,. in- 

aelnUe  In  witeE,  and  mdte,  when  heated  to 

xedDeas,  Into  a  tnmqpannt  vitrems  body.    It 

is  composed  0^ 

Add,    100  3.64 

Oxide,  226.49       8.00 
.  Borate  of  cadiiiium  is  scaxody  soluble  in 
water.    It  consiste  of. 

Add,    27^        8.079 
Oxide,  72.12        aOOO 
Acetate  of  cadmium  crystsllizes  in  small 
prisms,  usually  disposed  in  slais,  which  are 


not  altered  by  expomre  to  air,  and  are  Tcry 
soluble  in  water.  The  tartrate  crystsllizea  in 
small  scarcdy  soluble  needles.  The  oxalate 
is  insoluble.  The  dtrate  forms  a  crystalline 
powder,  very  little  soluble. 

100  parte  of  cadmium  unite  with  38.173  of 
sulphur,  to  form  a  sulphuret  of  a  yeDoWcidoor, 
wim  a  diade  of  orangei  It  is  very  fixed  in 
the  firs.  It  mdte  at  a  white  red  heat,  and  on 
cooliag,  crystallizes  in  micaceous  plates  of  the 
finest  lenron-yellow  coknu;  The  sulplmxet 
dissolves  even  odd  in  oonoentrated  muriatic 
add,  with  the  di»igagement  of  solpiuixctted 
hydrogen  gas ;  but  the  dilute  add  has  little 
efect  on  it,  even  wi(h  tlte  assistsnce  of  heat. 
It  is  best  formed  bv  Iteadng  together  a  mix- 
tore  of  sulphur  with  the  omde,  or  bv  pndpi- 
tatmg  asut  of  cadmium  with  soqonretted 
hydiogeo.  It  promises  to  be  useful  in  pmntiDg. 

Phos|dmvet  of  cadmium,  made  1^  fusl^ 
the  ingrsdionte  together,  has  a  gr^  ooiour, 
and  a.  lustre  fiscbly  metallic.    Muriatic  add 


decomposes  it,  evolving  phoephuretsed  hydro- 

ri  gas.  Iodine  unites  with  fatdmium,  both 
the  moist  and  dry  way-  We  obtain  sn 
iodide  in  large  and  beautiful  hexahedral  tables. 
These  cryst&  are  oolonrleBs,  transparait,  and 
not  altered  by  exposure  to  aiz.  Their  lustre 
is  pearly,  approadiing  to  mftaHif.  It  meha 
with  extreme  fiuility,  and  aaaumes,  on  oodhig, 
the  original  form.  At  a  fai^  tempentiire,  U 
Is  resolved  into  cadmium  and  iodine.  Water 
and  alcohol  dissolve  it  with  facility.  It  is 
composed  of 

Cadmium,  100.00  7-600 

Iodine,        227.43  1&9 

Cadmium  mdtes  eadly  with  moot  of  the 
aetsla,  wiien  heated  t^aog  with  litem  oat  of 
contact  of  air.  Most  of  ite  alloys  are  brittfe 
and  colourless.  Tiiat  of  copper  and  eadmittin 
is  white,  with  a  slioht  tinge  of  yellow.  It* 
textore  is  composed  of  very  fine  plates.  .^.^ 
of  cadmium  ooomunicBtss  a  good  deal  of 
bnttknesi  to  co|qper.  At  a  Strang  heat  tlie 
cadmium  flies -off.  Tatty  unaQy  ttm^ttAf,^ 
oxide  of  cadmium.  ..  The  alloy  consiste  of» 

Coppecp       100 

Cadmran,  64.2 
The  alloy  of  edbsk  and  eadminm  has  a 
good  deal  of  resemblance  to  aiaenksl  oobalt* 
Ite  coloor  is  almost  dlver-white.  100  parts 
of  platinum  combine  with  117*3  of  cadminnB. 
Cadmium  and  mercury  readily  uidteoeM,  into 
a  fine  silver-white  amalgam,  of  a  gaaaular 
texture,  which  may  be  crystallized  In  octo- 
hedrons.  Ite  apoe&  gravity  is  greater  thai 
tfaatofmcfcnzy.  Itfbsesat  I67*F.  Itooo- 
sisteof, 

Mercary,     100 

Gadmhun,  27.76 
Dr.  Usxke  ibuad  in  100  gr.  of  dte  fibima 
silicate  of  zinc,  of  Derlqrshiee,  about  tt-lOtha 
ofagrainof  sulphuret  of  cadmium  t  aicault 
whidi  agrees  with  the  eiqwlmento  of  Dr. 
WoUapton  and  Mr.  GhiUion. 
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Mr.  W.  Henpnth  states,  teft  He  hin  abi: 
Irinei  ddnuQiii  in  sibandaiMit  ftom  Ui€  Ait 
works  near  BT^stoL  Zinc  is  obtained  by 
fsttiitt  calamaDe  irtth  sraaB  eoal  into  a  cnid- 
Me,  ynMi  being  dosed  at  top,  bas  a  tahU 
pnxeed}!^  unongh  its  bottoin  i&to  a  twilC 
Mow.  Beneath  tbe  tabe  is  a  ressel  of  water. 
Asbort  tubebathandtooonoeet,  atapioper 
time,  wiA  tile  Umg  one,  so  as  abnost  to  reach 
(be  water.  Tbe  woiisxien  do  not  oomi^ete 
tbe  connexion  tiD  Ae  **  brown  blaze"  is  over, 
and  the  **bliie  blase**  began.  This  brown 
llsme  is  owing  to  csdminm,  tbe  oxide  of  which 
afttadies  itself  io  the  roof  of  the  vaalt,  id 
greatest  quantity,  just  orer  the  orifice.  It  i^ 
mixed  with  aoot,  salphmet  of  cadniam,  and 
OExide  of  idsMi,  Some  pottiobs  contain  fton 
18  to  ^  per  cent,  of  eadminin.  The  metal 
ia  oibtdned  by  diss<dring  this  snbstence  in 
mtnriatie  aeid,-fttering,  evaporating  to  dryness, 
reoissslf  iQg  and  ffltering,  then  precipitating  by 
A  plate  of  rint.  The  cadmium  Arown  down 
is  to  be  ihixed  wiA  a  litde  lamp-black  or  wsx, 
pat  into  a  blaek  or  green  gtaes  tube,  and 
placed  in  the  red  heat  oif  a  common  fire,  until 
the  cadmium  has  sublimed  into  the  cool  part 
eftfwtnbe;  tiien  the  residuum  is  to  be  shaken 
sot,  which  is  easfly  done  witlioat  loss  of  cad- 
■uom.  A  litde  wax  introduced  into  the  tube, 
sad  a  gentle  heat  applied,  the  metal  mdts,  and 
by  agitation  ftnns  a  buttm. 

Mr.  Hdnpttth  thinks,  that  if  the  zine 
mdler  were  to  Insert  Us  tube  earlier,  and 
eondease  die  first  few-pounds  of  metal  sepa* 
■1^  he  wwld  be  aUe  to  collect  abundance  of 
esdminm,  so  as  to  afibrd  it  cheaply  for  the 
purposes  of  art    ^im-ofFAO.  iH.  435. 

CAfl&IN.  By  adding  muriate*  of -tin  to- 
rn infusion  ef  unroasted  eofi^  M.  Cheneriz 
^btsfattd  a  predpitaie,  which  he  washed  and 
snwrniposul  by  suiphuxetled  bydrogm.  The 
SHpctnatant  liquid  coattibsd  a  peeoliat  bitter 
pnadple,  wUeh  oeeanoned  a  green  pr»cipka«e 
ia  coneeiitrsned  idhitiSBs  «f  iion.  When  ^ 
Hqoid  was  cfaporated  to  dryness,  itwasyeHow 
nd  tianspaient,  like  hanh  It  did  not  attract 
DMistan  fium  the  dr,  but  was  saluble  m 
water  sDdaleohoL  Hie  solution  liad  a  pka- 
■nt  Utter  laste^  and  assumed  with  alkafis  a 
gvoet^Bd  eoknlr.  It  is  almost  as  ddieate  a 
test  of  ima  as  inftision  of  galls  is ;  yet  gdatme 
oeasionaDo  predpitite  with  it 

Mm  Rohiquet,  wMle  searching  for  qbfaihia 
ia  oolfee,  ^Hseovered  a  crystallizable  prindple 
in  it,  in  Ae  year  1881>  It  is  white,  eiystal- 
li&e,  volatile,  and  slightly  sduble.  Its  cotn. 
poritioA  is  Tcry  remarbAk,  ibr  soeording  to 
MIL  Dumas  and  Pdletier,  it  eondsts  of 

Carbon       46Ldl 

Nitrogen     21.64 

Hydrogen    4.81 

Oxygen      27.14 

1«M)0 

The  quantity  of  nitfogeir  In  It  surposBcs  tliat 


not  only  in  iregetaMe,  but  in  most  animal  sob* 
stances;  and  must  exdte  doubts  as  to  the 
accuracy  of  the  analysis.  Ann,  de  CMnu 
xxir.  183. 

CAJEPUT  OIL.  Hie  Tolatile  oil  ob. 
tained  from  the  leaTCs  of  the  cajeput  tree, 
Gajeputa  offidnarum,  the  Mdaleuca  Leuca* 
dendron  of  HniMBus.  The  tree  which  ftir« 
nishes  the  cajeput  oil  is  frequent  on  the  moun* 
tains  of  Ambc^na,  md  other  Molucca  ishmds. 
It  is  obtained  by  distiHation  fimm  the  dried 
leaves  of  the  snudler  of  two  Tafieties.  It  is 
prepared  in  great  quandties,  espedally  in  thtf 
nland  of  Banda,  and  sent  to  Holland  in  eop^ 
per  flasks.  As  it  comes  to  us,  it  is  of  a  gren 
colour,  very  limpid,  lighter  tlian  water,  of  a 
strong  smell  resembling  camphor,  and  a  strong 
pungent  taste,  like  that  or  cardamoms,  fi 
Dums  enthdy  away,  wi^ut  leaving  any  red- 
duum.  It  is  often  adulterated  with  other 
essential  ools,  coloured  with  the  resin  of  mil- 
foIL  In  the  genuine  oil,  the  green  oolour 
depends  on  the  presence  of  ot^per;  for  when 
rectified  it  is  ootouziess. 

CALAMINE.  A  native  carbonate  of 
sine. 

CALAMITE.  A  mineral  wMeb  occurs 
in  diombic  prisms  of  a  light  green  colour, 
transluoent,  striated  longitn&ially,  and  yidd* 
ing  to  medianical  division  readily,  pardlel  to 
the  sides  of  a  rhombic  prism.  It  is  soft ;  re. 
sembling  tremolite  in  the  iorm  of  its  crystaL 
It  is  found  in  serpentine  with  magnetic  iron 
aDdcakareotUijitit,  xiear  Normarlc,  in  Sweden. 
PhUSps^t  Mintr^ogy. 

CALCAREOUS  EARTH.    See  LiMS. 

CALCAREOUS  SPAR.  Crystalliied 
carbonate  of  lime.  It  occurs  cnrstaUized  in 
more  than  600  different  fbrms,  aU  having  for 
dieir  primitive  form  an  obtuse  rfatfmboid,  with 
angles  of  74*  55' and  106*  5^.  It  occurs  dso 
niAsrive^  and  in  imitative  shapes.  Werner  has 
^ven  a  qmiprehenrive  idea  of  the  varieties  of 
die  crystals,  by  reforring  all  the  forms  to  the 
8hc««ided  pyraftiid,  the  dx-sided*  prisma  and 
the  three-mded  prism,  with  thdr  truhcatidns. 
The  colours  of  calc-spar  are  grey*,  yellow,  red, 
gpreen,  and  rardy  blue.  Vitreous  lustre.  F<>. 
liated  fracture,  with  a  threefold  deavage. 
Fragments  rliomboidaL  Transparent,  or 
tranducent.  The  transparent  crystals  refVact 
double.  It  is  less  hard  than  fluor  spar,  and  is 
eadly  broken,  Sp.  gr.  2.7.  It  connsts  of 
43.6  earbonic  add,  and  56.4  Ihne.  It  eflfer. 
vesoes  powerfolly  with  adds.  Some  variedcs 
are  phosphorescent  on  hot  coals.  It  ia  found 
in  veins  m  all  rocks,  from  granite  to  dluvial 
strata,  and  somdhnes  hi  strata  between  the 
beds  of  calcareous  mountdns.  The  rarest  and 
moat  beautiful  crystals  are  found  hi  Derby- 
dibe;  but  it  exists  in  every  part  of  the  world. 

CALCBDONY.  A  minerd  so  called 
fimn  Calcedon  in  Asia  Mhior,  where  it  was 
found  in  andent  times.  There  are  severd 
sttb-apedes:  vommon  cakedony,  heliotrope, 
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dlijiopntte^  plasma,  onyx,  aaid,  and  iw 
donjx. 

Common  calcedonir  ooeun  in  Yaiioos  diadei 
of  white,  grey,  yellow,  brown,  green,  and 
Uue.  The  bladdah-brown  appooi,  on  look* 
jng  through  the  mineral,  to  become  a  blood- 
ied. It  is  foond  in  nodules;  botioidal  sta- 
lacdtiod,  bearing  organic  impressions,  in  veins, 
and  also  maasiTe>  Its  fracture  is  even,  some- 
times  flat  condioidal,  or  fine  splintery.  Semi- 
tnuiqiazent,  harder  and  tougher  thsn  flint 
8p.  grav.  2.6.  It  is  not  fusible.  It  may  be 
repoded  as  pure  silica,  with  a  minute  porition 
of  water.  Very  fine  stalactitical  spadmens 
have  been  found  in  Trevascns  mine  in  Corn- 
wall. It  occurs  hi  the  toadstone  of  Derby, 
shire,  in  the  trap  roclu  of  FifesUre,  of  the 
5  Pentland-hiUs,  Mull,  Rum,  Slcy,  and  others 

i  of  the  Scottish  Hebrides ;  lilcewise  in  Iceland, 

and  die  Ferro  Islands*    See  the  snb-species, 
under  their  respective  titles. 

CALC  SINTER.  Stalactitical  carbonate 
of  lime.  It  is  found  in  pendulous  conical  rods 
or  tubes,  mamellated,  massive,  and  in  many 
imitative  shapes.  Fracture  lamellar,  or  diver- 
gent fibrous.  Lustre  sflky  or  pearly.  Coloun 
white,,  of  various  shades,  yellow,  brown,  rsiely 
green,  passing  into  blue  or  red.  Translucent 
— semihard — very  brittle.  Large  stalactites 
are  found  in  the  grotto  of  Antiparos,  the  wood. 
man*s  cave  in  the  Harts,  the  cave  of  AuxeUe 
in  France,  in  the  cave  of  Castleion  in  Derby, 
shire,  and  Macalister  cave  in  Sky.  They  are 
oontinually  forming  by  the  infiltration  of  car- 
bonated lime  water,  through  the  crevices  of 
the  roofs  of  caverns.  Scdid  masses  of  stalac 
tite  have  been  called  oriental  alabaster.  The 
irregular  masses  on  the  bottoms  of  caves  have 
been  called  stalagmites. 

CALCHANTUM.  FUny'a  term  ibr  eop. 
peras. 

CALCINATION.  The  fixed  residues  of 
such  matters  as  have  undergone  combustion 
ai*  called  cinden  in  common  language,  and 
calces,  or  now  more  commonly  oxides,  by 
chsadsts ;  and  the  operation,  when  oonodered 
with  regaxd  to  these  residues,  is  termed  calci- 
nation. In  this  general  way  it  has  likewise 
been  applied  to  bMies  not  rodly  combustible, 
^  but  only  deprived  of  some  of  their  principles 
by  heat.  Thus  we  hear  of  the  f^^l^nation  of 
chalk,  to  convert  it  into  lime,  by  driving  off 
its  csrbonic  acid  and  water:  oi^ gypsum  or 
plaster  stone,  of  alum,  of  borax,  and  other 
saline  bodies,  by  which  they  are  deprived  of 
their  water  of  crystallisation ;  of  bones,  which 
lose  their  volatile  parts  by  this  treatment ;  and 
of  various  other  bodies.  See  Combvstiom 
and  Oxidation. 

CALCIUM.  The  metallic  basis  of  lime. 
Sir  H.  Davy,  the  discoverer  of  this  metal, 
procured  it  by  the  process  which  he.used  for 
obtaining  barium  ;  which  see.  It  was  in  such 
imall  quantities,  that  little  could  be  said  con- 
ceming  iu  nature.    It  appeared  brighter  sind  . 


Then  is  only  one  kaown  comblBarion  sf 
calcium  and  oxygen,  whidi  is  the  impotsot 
substance  called  lime.  The  natoe  of  this 
substance  is  proved  by  the  phenomcDS  of  the 
oombttslion  of  esldum;  the  metsl  dnaging 
into  the  earth  with  the  abaorptioo  of  oaygen 


gas.  When  the  amalgam  of  caldom  is  thrown 
mto  water,  hydrogen  gaa  is  dismgaged,  ssd 
the  water  becomes  a  sohition  of  lime.  Ftom 
the  quantity  of  hydrogen  evolved,  compinil 
with  the  quantity  of  lime  fanned  d  eiperi. 
ments  of  this  kind,  M.  Beraetios  endesieuifd 
to  ascertahi  the  proportion  of  oxygen  is  lime. 
The  nature  of  lime  may  also  be  proved  b]r 
analysis.  When  potassium  in  vapwr  is  moI 
through  the  earth  Ignited  to  whiteoev,  the 
potassium  was  found  by  Sir  H.  Davy  to  be- 
come  potash,  while  a  dark  grey  substanoe  of 
metallic  splendour,  which  is  caldum,  eiilier 
wholly  or  partiaUy  deprived  f»f  oxygen,  if 
found  imbedded  in  the  potash,  for  itefievrcsoei 
violently,  and  forms  a  soiution  of  lime  by  die 
action  irf  water. 

Lime  is  usually  obtained  fore  hcmicsl  par. 
noses,  from  marble  of  the  whitest  kind,  or 
nom  calcareous  spar,  by  kng  eipesare  to  a 
strong  red  heat    it  is  a  soft  white  sabstsoce, 
of  specific  gravi^  2.3*     It  requires  so  inteose 
dcftree  of  heat  for  ita  fusion;  and  bsi  not 
hi&rto  been  volatilised*    Its  taile  is  csnioc, 
aatzingent  and  alkaline.     It  is  soluble  in  450 
parts  of  water,  aoomding  to  Sir  H.Davy;  sad 
m  760  parte,  aaxading  to  other  cfacausM. 
The  solubility  is  not  iocrosedbj  heal.    Ifa 
Uttls  water  only  be  spriokkd  on  new  burnt 
lime,  it  is  rqridly  absorbed,  with  the  evohition 
of  much  heat  and  vaponr.    This  ooostinitcs 
the  phenomenon  called  •r^Ung-     The  heat 
pioeeeda,  aooording  to  Di;  Black's  oplana- 
tioD,  from  the  oonaolidatkn  of  the  liquid 
water  into  the  Ihne,  toning  a  hfiroUy  as 
slaked  Ume  is  now  called.    Itkaosnpoond 
of  3.6  parte  of  lime,  with  1.185  of  water;  or 
very  nearly  3  to  1.    This  water  may  be  ex- 
pelfed  byand  heat,  and  thsrefbie  does  not 
adhere  to  lime  with  the  same  energy -as  it  docs 
to  barytas  and  strondtas.     Lhne  vaia  » 
astringent  and  somewhat  acrid  to  the  taste. 
It  renders  vegetable  blues  green ;  die  ydlows 
brown;  and  restores  to  reddened  litmus  iti 
usual  purple.    When  lime  water  stsnds  ex- 
posed to  the  air,  it  gradually  attsscti  carbonic 
add,  and  becomea  an  insoluble  carbooste, 
while  the  water  remains  pure.  *  If  lime  water 
be  placed  in  a  capsule  under  an  ezhansted  re- 
ceiver, which  also  encloses  a  saUcer  filled  with 
concentrated  sulphuric  add,  the  water  will  be 
gradually  withdrawn  from  the  lime,  whidi 
will  concrete  hito  small  six-sided  pasmstic 
crystals. 

Bersdins  attempted  to  determine  die  priiD« 
equivalent  of  caldnm,  finom  the  proportioa  m 
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vUdi  it  cottiMiics  wrai  ovyigai  t0  ram  nns^ 
lint  his  xttoltt  can  be  xegaided  only  ts  ttpproz- 
imations,  hi  consequence  of  the  dUfictuties  of 
the  ezperiiMoA.  The  prime  eqntTalent  of 
fime,  or  onde  of  eeldam,  csn  be  detemined 
Toy  exacdy.  100  parts  of  carbooste  of  lime, 
«oosist  of  44 csorixmic acid  -f  66 lime;  wbenoe 
the  prime  equivaleat  pioportioro  are,  2.75 
scid  +S.5ba8a 

If  a  piece  of  phosphonis  lie  pot  into  tbe 
lealed  end  of  a  giass  tube,  the  middle  part  of 
i^icfa  is  filled  with  bits  of  lime  about  tbe  sise 
of  peas;  and  after  the  latter  Is  ignited,  if  die 
ferraer  be  driven  tfaioagh  it  in  vaponr,  by 
beating  tbe  end  of  the  tnbe,  a  eompound  oSf 
a  dai^  brown  eolonr,  called  phospboret  of  lime^ 
win  be  (brmed.  Thta  probably  consists  of  1.5 
phospboras  +2*6  calcium;  but  it  has  not  been 
exactW  amdysed.  When  thrown  mto  water, 
phospnurelted  hydrogen  gas  is  disengaged  in 
small  bubbles,  wfaxdi  explode  in  suceeasion  as 
u)ey  Inust* 

Sttlphnnt  of  Ifane  is  flirmed  by  ihsing  the 
constituents  mixed  ti^ecber  in  a  covered  cru- 
cible. The  mass  fa  reddish  eoloared  and  very 
acrid.  It  defiquesoes  on  exposoie  to  idr,  sod 
becomes  of  a  greenish  yellow  hne.  Wboi  it 
is  put  into  water,  a  hydrognretted  sulphuret 
ef  lime  is  bnmeillatdy  fonned.  Tbe  aame 
liquid  eempouid  may  be  diiecdy  made,  by 
boiHng  a  miztnre  or  sulphur  and  lime  In 
wttff.  It  actscanostrely  on  animal  bodies, 
lad  IS  a  powernil  lesgent  in  precipitatmg 
Dctak  from  their  solutions.  Solid  snlphnfet 
ef  fine  prob^ly  contisCs  of  2- sulphur  -f  2.5 
cdnmn. 

When  lime  is  heated  strongly  in  contact 
vidi  chlorine,  oxygen  is  expelled,  and  the 
Akrine  Is  abaoriwd.  For  eroy  two  parte  in 
Tolome  of  chlorine  that  disappear,  one  of 
eiygen  is  obtained.  When  liquid  muriate  of 
bne  is  evaporated  to  dryness,  and  ignited,  it 
ibrais  ibe  same  substance,  or  chloride  of  lime. 
It  is  a  semili'Mnsparent  cryatalliue  substance  i 
ibsible  at  a  stnmg  red  heat;  a  nonconductor 
of  dcctridty ;  has  a  veiy  bitter  taste ;  rapidly 
uMuibs  water  from  the  atmosphere;  and  is 
extremehr  sofatUe  in  water.  See  Acid  (Mu- 
KiATTc).  It  consists  of  2.5  caldnm  -f  4.5 
ehlorine  =  7.0.  Chlorine  oombinea  also  with 
oxide  of  caldam  or  lime,  ibrmiog  the  very 
toportant  substance  used  in  bleaching,  under 
die  name  of  oxymuriate  of  Ume;  but  which  is 
more  eomectly  called  chloride  of  Hme.     See 

l4ire,  (CHLOKIDC  of). 

Under  Lmx,  some  observations  wilT  be 
ftood  on  the  ilses  of  this  substance. 

If  the  liquid  hydriodate  of  lime  be  evapo- 
nted  to  dryness,  and  gendy  heated,  an  iodide 
of  cakinm  remains.  It  has  not  been  applied 
to  any  use. 

CALCTUFF.  An  alluvial  fbrmation  nt 
eariMmate  of  lime,  probably  deposited  from 
cakareotts  springs.  It  has  a  yellowish«grey 
cslsor ;  advul  butve-intomally  \  a  fine  gio^icd 


earlfay  fraetnre ;  is  opaque,  and  nsnaOy  marked 
with  impressions  m  vegetable  matter.  Its 
specific  gravity  is  nearly  the  same  with  that  of 
water.    It  is  sof^  end  easily  cut  or  broken. 

CALCULUS,  or  STONE.  This  name  is 
generally  given  to  all  hazd  concretions,  not 
bony,  fonnBd  in  the  bodies  of  animals.  Of 
these,  the  most  important,  as  giving  rise  to  one 
of  the  most  painful  diseases  inddent  to  human 
nature,  ia  the  nrinary  caleubu^  or  stone  in  the 
bladder.  DiffSereot  substances  occasionally 
enter  into  the  compoaition  of  thia  calculus^ 
but  the  most  usual  is  the  Uthic  add. 

If  we  except  8cheele*s  origfaial  observationa 
concerning  the  uric  or  lithic  add,  all  the  dis- 
coveriea  rebting  to  urinary  ooncredons  are  due 
to  Dr.  W<dlaston ;  discoveries  so  curious  and 
important,  as  alone  an  soffident  to  endtlehim 
to  the  admiration  and  gratitude  of  mankind. 
They  have  been  fuUy  verified  by  the  subae- 
qnent  researches  of  MM.  Fourcroy,  Vauqudin, 
and  Brands,  Drs.  Henry,  Marcet,  and  Front 
Dr.  Marcet,  in  his  late  valuable  essay  on  the 
dwmical  history  and  medical  treatment  of  cal- 
culous disorders,  arranges  the  concretions  hito 
ninespedes. 

1.  The  lithic  add  calculus. 

2.  The  ammonia-magneaian  phosphate  cal^ 


3.  The  bone  earth  calculus,  or  phosphate  of 
Hme. 

4.  The  ibsible  calculus,  a  mixture  of  the 
2d  and  3d  spedea. 

5.  The  mulbenry  calcnlua,  or  oxalate  of 
Mme. 

&  Tbe  cystic  calculus ;  cystic  oxyde  of  Dr. 
WoUaston. 

7.  The  alternating  calculua,  composed  of 
sltemate  layers  of  different  spedes. 

6.  The  compound  calculus,  whose  ingre- 
dients sre  BO  intimately  mixed,  as  to  be  separa- 
ble only  by  chemical  analysis. 

9.  Oslculusirom  the  prostate  gland,  whidi, 

SDr.  Woll8ston*s  researches,  is  proved  to  be 
ospbate  of  lime,  not  distinctly  stratified,  and 
tfaiged  by  the  secretion  of  the  prostate  gland. 

To  the  above  Dr.  Marcet  nas  added  two 
new  sub-spedes.  The  first  seems  to  have  some 
resembhmoe  to  the  cystic  oxide,  but  it  possesses 
also  some  marks  of  distinction.  It  forms  a 
bright  lemon-yellow  residuum  on  evaporating 
its  nitric  add  solution,  and  is  composed  of 
lamine.  But  the  cystic  oxide  is  not  laminated^ 
and  it  leaves  a  white  residuum  from  the  nitric 
add  solution.  Though  tbey  sre  both  solubla 
m  adds  ss  wdl  as  alkalis,  yet  the  oxide  is  more 
so  in  adds  than  the  new  calculus,  which  has 
been  called  by  Dr.  Manet,  from  ita  ydlow 
reskluum,  xanthic  onide.  Dr.  Marcet*s  other 
new  calcuhis  was  found  to  possess  the  pro- 
perties of  die  fibrine  of  the  Uood,  of  which  it 
seems  to  be  a  deponte.  He  terms  it  JIbrinout 
caleulusk 

Species  1.  Uric  add  calculi  Dr.  Henry 
says,  in  bis  instructive  paper  on  urinary  and 
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•tfaer  iBaAid«oiiaiietMM,ra4bdbi«cli»M«- 
iUcbI  Society  of  I^odoD^  Maieh  8, 1819,  diat 
k  hag  never  yet  eoauned  t»  him  to  exwBiao 
aJouU  compoaedof  thU  aoid  in  a  stale  of  ab- 
■olute  puii^.  They  contain  about  9-10tfa»  of 
the  paie  add,  aiUng  wiih  uvea,  and  an  animal 
uattev  whidi  ia  not  gelatine,  but  of  an  albo- 
minoui  natoie^  Tim  muat  not,  howevec,  be 
legaided  a*  a  ceme&t.  The  calculus  is  aggre- 
gated by  the  cohesive  attnction  of  the  lithie 
add  itself.  The  colour  of  lithie  add  calculi  is 
yeliowiBh  or  reddiah^brown,  lesembliog  the 
appearance  of  wood.  They  have  eomm^yA 
smooth  polished  snrfiwe,  a  lamellar  or  radiaM 
stooctare,  and.coBsist  of  fine  putides  w^  09m. 
IMCted.  Their  sp.  gravity  varksfiom  1.3tol.& 
They  dissolve  in  alkaUne  liuvia,  ivithout 
evolving  an  ammoniansl  odour,  aod  exhale 
the  smell  of  horn  before  d^  Uowpipe.  The 
xehitlve  Irequsncy  of  lithie  add  oslcuU  wiU  be 
seen  ftom  the  foBovi«g  statesseot  Of  IM 
examined  by  Mr.  Brsnie,  16  were  composed 
wholly  of  this  add,  and  ahnost  all  cemtsiDed 
more  or  less  of  it.  Fowsproy  and  YsuqueUn 
^Dd  it  in  the  ereatcrnvmber of 600 which 
they  analysed.  AU  those  examined  by  Scfaede 
consisted  of  it  alone ;  ttid  900  analysed  by  Dr. 
Pearson,  contained  it  in  greater  or  smdler 
proportion.  According  to  Dr.  Henry's  expe* 
tience,  it  oonstiiutss  1 0  ivioaiy  eeniretians  out 
of  26,  exdusive  of  the  alternating  calculi. 
And  Mr.  Bi«9de  lately  states,  that  out  of  58 
cases  of  kidney  calculi,  61  were  Uthieadd, 
6  oxalic,  and  )  cjstic 

Spedes  2.  Ammonia-magnesian  phosphate. 
Tbis  calculus  is  white  Ifte  chalk,  is  friable 
between  the  fingers,  is  often  covered  with  dog. 
^th  aystals,  aad  contains  oemi-crystalline 
Uyers.  It  is  intokMg  in  allulis,  but  soluble 
In  nitrio,  mniiatic,  and  aqetic  acids.  Ao<y>iding 
to  Dr.  Ueory,  the  eartjb^  phosphates,  com- 
prehending the  2d  and  8d  spedes,  were  to  the 
whole  number  of  concretions,  in  the  ratio  of  10 
to  85.  Mr.  Brande  justly  observes,  in  the 
16th  number  of  his  Jounui,  that  the  mine  has 
at  all  times  a  tendency  to  deposit  the  triple 
phosphate  upon  any  body  ov;a  which  it  passes. 
Hence  drains  by  whidi  uiiHe  iscairied  0^  are 
often  incrusted  with  its  v^gulsr  crystsls ;  and 
in  cases  where  extraneous  bodies  have  got  into 
the  bladder,  they  have  often  in  a  very  short 
time  become  cansiderably  enlsrged  by  depod- 
tion  of  the  same  subetanee.  When  this  cskulus, 
or  those  incrusted  with  its  semi*crntalline 
particles,  are  strongly  heated  before  theUow- 
pipe,  ammonia  is  evolved,  and  an  imperfect 
fusion  takes  place.  When  a  little  of  the 
cslcaieous  phosphate  is  present,  however,  the 
concretion  readily  fuses.  Calculi  oomposed 
entirely  ot  the  ammooia-maffnesiao  phosphate 
are  very  rare.  Mr.  Brande  has  ssen  only  two. 
They  were  crystsllised  upon  the  surface,  and 
thdr  fracture  was  somewhat  foliated.  In  its 
pure  state,  it  is  even  rare  as  an  incnistation. 
The  powder  of  the  ammonii^phospbale  cal- 


sweetish  taste,  and^  is  somewhat  sobfale'  in 
watec  FouraoyandVaa^udin  soppoae  the 
above  depontes  to  result  finm  indpicnt  pntxe- 
Ikction  ofuriBo  in  the  bbdder.  Itiscataiii 
that  the  triple  phoqphale  is  copioBsIf  pieci^ 
pltated  from  urine  in  such  dicamatHioes  out 
of  the  body. 

Spedes  S.  The  bone  earth  Gsleahik  Us 
surface,  according  to  Dr.  WoOaslan,  is  gene- 
nlly  pale  brown,  smootht  and  when  sawed 
tbiou^  it  appears  of  a  Isminafced  texture, 
easUy  separable  mto  eonoentac  crusts.  Son*, 
times,  8J«s  seph  lamina  is  stdated  in  a  di. 
section  peipendiculaK  to  die  sui&ee,  as  Cornea 
assemblage-of  erystaUiae  needlea.  Itis  difficult 
to  fuse  this  eakulus  by  the  blowpipe,  but  it 
#Molves  readily  in  dilute  muiiatic  add,  fiao 
which  it  is  ned^table  by  ssnmooia.  This 
q>edes,  as  descs&ed  by  Fourcnj  and  Van- 
^uelin,  was  white,  wimout  lustre,  fiisble, 
staining  the  hands,  papes,  and  doth.  It  hsd 
much  ef  a  chalky  appesnnee,  and  beoke  under 
the  foraeps,  and  was  intimately  mixed  with  a 
gdatinoos  matter,  whidi  is  left  in  a  man» 
bssaous  form,  when  the  esithy  sslt  is  wHhdiavtt 
by  dilute  muriatiB  add.  Be.  Henry  sajrsthst 
he  has  never  been  able  to  reoopiise  a  cakolos 
«f  pure  phosphate  of  lime,  in  any  of  the  ool* 
leodons  whidi  he  has  examined^  aor  did  be 
eiFer  find  the  preceding  spedes  in  a  p«re  states 
though  a  eslcttlus  in  Mr.  White*s  poQsctioo 
contained  more  thsn  90  per  cent,  of  ammoaia* 


Spedes  4.  The  fudUe  eakulus.  This  as 
.every  friable  concretion,  of  a  white  cotooK, 
Msembling  chalk  in  appesnwDS  and  texture; 
it  pfteu  bleaks  into  layen^  and  exhibits 
glittering  appeszanee  intemdly,  fiym  iaier- 
mixtuxe  of  the  crystals  ef  Is^  pbospbato. 
^p.|rav.  from  1.14  to  1.47.  Sofaifale  in  dilute 
muriatic  and  nitric  adds,  bat  not  In  alkaline 
lixivia.  The  nucleus  is  generaUy  litfak  add. 
In  4  instances  only  out  of  187,  did  Db  Henry 
had  the  calculus  oomposed  throu^heut  ef  the 
earth?  phoq>bates.  The  anslj^  ef  fudUs 
calcolusiseadly  perfonned  ly  disrilUd  v' 
which  at  a  gentle  hsat  diasolves  thes 
magnesisn  phosphate^  but  not  the  1 
of  lime;  the  latter  may  be  taken  npby  dibits 
muiiatic  add.  The  lithie  add  present  wiU 
remain,  aod  may  be  seoo|gniced  by  ks  ssfai- 
bilitym  the  water  of  pure  potash  or  sodk  Or 
the  Uthic  add  mw,  in  the  first  instanoe,  be 
removed  by  the  slkali,  whieh  expels  the  ass- 
monia,  and  leaves  the  pho^hateof  nu^pesia 
and  lime. 

Spedes  6.  The  mulbcny  cskulns.  Its 
surftoeis  rou^  and  tubcRulated^  adourdeep 
leddish-brown.  Sometimes  it  is  pale  brovn, 
of  a  crystslline  texture,  and  covered  with  fist 
octohednd  oystals.  This  adcuhis  has  eam« 
monly  the  dendty  and  hsidnese  of  ivery,  a  s^ 
giav.  fin>m  ,1.4  to  1.98,  and  exhales  the  odosr 
^semen when  sawed.    A  Baodanite  ledhcst 
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iitiMocM)ioiiate«f1lme.  uamiiiot 
danha  in  alkiifiiislfaciviA,  but  slowly  and  with 
diffieokvinadda.  When  the  oxalate  of  lime 
iivoided.diiectlj aftes  leaving  the  kidney,  its 
tfagi^nh-beown  cohmr,  compoaed  of  onafl 
OMog  apheaiiles,  souetimei  with  a  polkbed 
flnfiwereaembliiigheBpteed.  TheyareeaaOy 
Noognlsed  by  their  imolnbility  in  muriatk 
acid,  aod  their  twdling  vp  and  paaaing  into 
pure  liaoo  beftre  tbe  bbvpipe.  Mnlbeny 
caleoli  oontaiB  alwAya  an  admizture  of  other 
aibataneea  berides  ondate  of  lime.  Theseaie^ 
vie  acid,  phoqdiateof  lime,  and  animal  mat* 
Iff  in  dazic  flooenli.  Hie  edhming  matter  of 
ibaeeaieali  fa  pvobaUyeffbaed  blood.  Dr. 
ficny  ntea  the  freqiuBcy  of  tUa  apedee  ai 
iinl7of«bewhalewfaioh  he  hasoompandi 
aadontof  ia7calen]i,he  Ibond  that  17  wen 
farmed  loaad  «Hi«M  of  oxalate  of  liaoe. 

SpaeiBie.  The  cyatici^ixido  ealeulua.  It 
H!iem>h?i>  little  tho  triple  phoephate,  or  mora 
exactly  magiwrian  Hmeatone.  it  isaomewhat 
toogh  when  eat,  and  ha»  a  peealitf  gMaey 
lui^  It»  oaul  oDiour  is  pale-  brown,  bei^ 
doii^  on  stnw-yenow;  and  its  tsxtiiie  ia 
inegaybi^  ovataUiBe.  It  unites  in  solutiaii 
wid>  aeida  and  alkalis,  cryatallisbig  with  both. 
Aloaholpreeipitatea  it  from  nitric  add.  Itdoes 
aet  become  red  with  nitrie  acid  ;  and  it  has  no 
cftet  upon  vegetable  bfaies.  Neither  water, 
sleobal,  nor  ether  disselTes  it;  It  is  deoom- 
peeed  by  heat  hito  oarbooate  of  ammonia  and 
eil,  kanng  a  ndnuteiesidomn  of  phoephate  of 
Ime,  This  concretion  is.  of  very  rare  oceur- 
icnee.  Dr.  Henry  states  its  frequency  to  the 
whole  as  10  to  985.'  In  two  which  he  ex. 
amiaed,  the  nuckos  was  the  same  substanoa 
whh  die  rest  of  Ao  concretion;  andinathird, 
Ike  BQckoaof  annrie  add  calculus  was  a  onall 
iphende  of  cjFStic  oxide.  Hence,asDr.  Maroet 
hes  miarked,  this  oxide  appears  to  be  in 
wdi^  Ae  pndnctMm  of  the  kidneya,  and  not, 
m  ita  name  would  innMrt,  to  be  generated  in 
the  bladder.  It  mif^  be  called  with  pro- 
priety renal  oxide,  if  its  eminent  discoverer 
sbodldtfamk  fiL 

Spsdes7*  The  sltenwtmg  calculus.  Tbe 
sadaeeof  tUs  caleultts  is  usually  white  like 
chalk,  aadfiiabk  oraemicryetBUine,  according 
as  the  extsrior  eoat  is  the  calcareous  or  ammo* 
da-oi^^Mrian  phosphstCL  They  are  fluently 
of  a  la^  size,  and  contain  a  nucleus  of  lithio 
acid.  Sometimea  the  two  phosphates  form 
shcroate  l^reia  round  the  nudena.  Tbe  above 
WPS  the  most  cnmmnn  ahematiog  cakuK ;  next 
aee  those  of  oxabte  of  Ihne  with  phosnhatass 
then  oKBlate  of  lime  with  lithic  add;  and, 
lastly,  tbose  in  whidi  the  thiee  substsnoes 
sieemBte.  The  altetnathig,  taken  all  together, 
ocenrm  10  out  of  26,  hi  Dr.  Henry's  Ust;  the 
htUc  add  with  phosphatea,  as  10  to  48;  the 
asalate  of  lime  with  phosphates*  as  10  to  116; 
tbe  oxalate  of  lime  with  lithic  add,  as  10  to 
170;  the  oxalate  of  Mme  with  lithic  add  and 
pho^hatca,  aa  10  to  2^ 


Spades  a  The  compound  eOaibii  lliift 
consists  of  k  mixtoie  of  UiUe  add  with  tfas 
phosphates  in  variable  proportUns,  and  is  oon* 
sequently  ▼aiiaUe  in  its  appearance.  Some* 
dines  the  ahcnuating  layevs  are  so  tldn  as  to 
be  undistingttlafaable  by  the  eye,  when  their 
nature  can  be  deteradned  aoSy  by  chemical 
analysis.  This  spades,  hi  Dr.  Hen^*a  Hat, 
fennslOinSSft.  About  1.40th  of  the  cakntt 
examined  by  Fouxcny  and  Vanqudin  woe 
compound. 

Spedes  9L  has  been  already  described. 

In  almost  aU  cdculi,  aoentral  nncieus  may 
be  discovered,  anffidently  small  to  have  d»' 
acended  through  the  ureleia  mtothe  bladdeiw 
The  disease  of  stone  is  to  be  eonddered, 
dievelbre,  fwantially  and  originally  aa  bo- 
longing  to  the  kkhiey&  Ita  mcreaae  In  the 
bladder  may  be  occaaioncd,  dther  by  expo- 
sure to  urine  that  contains  an  exoees  of  the 
same  ingredient  as  that  composing  the  nudena, 
in  which  caae  it  will  be  uniifonnly  conslitttted 
tfarougliout ;  or  if  tbe  morbid  nudeus  depodte 
should  eease,  tte  concretion  will  dien  acquire 
a  coating  of  the  eaxthv  phosphates.  It  be- 
eomee,  ucrefive,  Ugfaly  important  to  ascef 
tain  the  nature  of  the  most  predomhiant 
nudeus.  Out  of  187  calculi  examined  by  Dr. 
Heniy,  17  were  fomied  round  nudd  of  oxalate 
of  lime ;  8  round  nudd  of  cystic  oxide ;  4 
round  nudd  of  the  earthy  j^iosphates  ;  9 
round  extraneous  substances ;  and  in  3  the 
mndeus  was  leplaoed  by  a  small  cavity,  oe. 
casioned  probably  by  me  shrinking  of  some 
animal  matter,  round  which  the  ingredlenta 
of  the  cakufi  (ftudble)  had  been  deposited. 
Ran  haa  ahown  by  experiment,  that  pus  may 
ftnrm  the  nudeus  of  an  niinazy  eoncretkin* 
The  renudnhig  168  caknli  of  Dr.  Henry^ 
hat,  had  centml  nudd  ^  composed  chiefly  of 
lithic  add.    It  appears,  tiao^  that  in  a  very 

rt  majority  of  the  caaes  referred  to  by  hfan, 
dispodt&an  to  secrete  an  excess  of  lithic 
add  has  been  the  essential  cause  of  the  origin 
of  stone.  Hence  it  becomes  a  matter  of  great 
importance  to  inquire,  what  are  the  drcum- 
stancca  which  contribute  to  its  excesdve  pro- 
duction, and  to  aacertain  by  what  plan  of  diet 
and  medicine  this  morbid  action  of  the  kidneys 
may  best  be  obviated  or  removed.  A  calculus 
in  Mr.  White's  collection  had  for  its  nudeus 
a  fkagmentof  a  bougie,  that  had  slipped  into 
the  bladder.  It  bdonged  to  the  fiidble  spe- 
cies, consisting  of, 

90  phosphate  of  lime 

60  ammon]a.magnesian  phosphate 

10  lithic  add 

10  ^>*ifar»^i  mattPT 

100 
In  some  faistanoes,  though  these  are  compara- 
tivdy  very  few,  a  morbid  secretion  of  the 
earthy  phosphates  in  excess,  is  Ae  cause  of  the 
lormatwn  of  stone.  Dr.  Henry  relates  the 
case  of  a  gentleman,  who,  during  paroxysms 
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of  gmvel,  puDtded  bf  eevoe  ndmot  md  vo- 
miting, voided  urine  m  opoque  m  milk,  whidi 
depoflitcd  a  great  quantity  oi  an  impalpable 
powder,  consisting  of  the  cakaxeout  and  triple 
phosphate  in  ne^j  equal  propoctionfl.  The 
wei^t  of  the  body  was  xa^y  reduced  from 
188  to  100  pounds,  appaiently  by  the  ab- 
atractioD  of  the  earth  of  his  bones ;  for  there 
was  no  emaciation  of  the  musdes  correspond- 
ing to  the  above  diminution. 

The  first  rational  views  on  the  treatment  of 
calculous  disorders,  were  given  by  I>r.  M^'ollas- 
tpn.  These  have  been  followed  up  lately  by 
some  very  judidous  observatkms  of  Mr.  Brande 
in  the  120),  15th,  and  16th  numbers  of  his 
Journal;  and  also  by  Dr.  Maroet,  in  his  ex- 
cellent treatise  ahnadynefened  to.  Of  the  many 
substances  contained  in  human  urine,  there  aw 
xarely  more  than  three  which  constitute  gravel ; 
vis.  calcareous  phosphate,  ammnnia«magneaiMi 
^o^hate,  and  lithic  aod.  The  fonner  two 
mrm  a  white  sediment ;  the  latter,  a  red  or 
brown.  The  urine  is  always  an  acidulous 
SjBcretioii.  Since  by  this  excess  of  add,  the 
earthy  salts,  or  white  matter,  are  held  in  so* 
lotion,  whatever  disorder  of  the  system,  or  im- 
propriety of  food  and  medicine,  diminishes 
diat  acid  excess,  fsvours  the  formation  of  white 
depositew  The  internal  use  of  adds  was  shown 
by  Br.  WoUaston  to  be  the  appn^iiate  reme- 
dy in  this  case. 

White,  gravel  b  frequently  symptomatic  of 
disordered  digestion,  arising  from  exoesa  in 
eating  or  drinking ;  and  it  is  often  produced 
by  too  farinaceous  a  diet.  It  is  also  occaiimied 
by  the  indiscreet  use  of  magnesia,  soda  water, 
or  alkaline  medidnes  in  general  Medicalprac- 
titionera,  as  well  as  their  patienta,  ignorant  of 
chemistty,  have  often  committed  latal  mistakes, 
by  considering  the  white  gravel,  passed  on  the 
administration  of  alkaline  medidnes,  as  the  dis- 
solution of  the  calculus  itself;  aod  have  hcnoe 
pushed  a  practice,  which  has  rapidly  increased 
the  size  of  the  stone.  Magnesia,  in  many  cases, 
acts  more  injuriously  than  alkali,  in  predpi- 
tating  insoluble  phosphate  from  the  urine. 
The  acids  of  urine,  which,  by  their  excess,  hold 
the  earths  in  solution,  are  the  phosphoriG^  Uthic, 
and  carbonic.  Mr.  Brande  has  uniformly  ob- 
tained the  latter  acid,  by  pladng  urine  under 
an  exhausted  recover;  and  be  has  formed  car- 
bonate  of  barytes,  by  dropping  barytes  water 
into  urine  recently  voided. 

The  appearance  of  white  sand  does  not  seem 
deserving  of  mudi  attention,  where  it  is  merely 
occasional,  following  indigestion  brought  on  by 
an  acddental  excess.  But  if  it  invariably  fol. 
lows  meals,  and  if  it  be  observed  in  the  urine, 
not  as  a  mere  deposite,  but  at  the  time  the  last 
drops  arc  voided,  it  becomes  a  matter  of  import- 
ance, as  the  forerunner  of  other  and  serious 
forms  of  the  disorder.  It  has  been  sometimes 
viewed  as  the  efect  of  irritable  bladder,  where 
it  was  in  reality  Uie  cause*  Adds  are  the  pro-  ' 
per  remedy,  and  unless  some  peculiar  tonic  ef  • 


feet  be  soa^  for  in  iidpliiitio  aod,  tlK  i«9B- 
table  adds  ought  to  be  prefienwd.  Tartar,  or 
its  add,  may  be  presoibcd  with  advanta^e^ 
bat  the  best  medicine  is  dtric  add,  in  daily 
dosesoffxom6to30gnins.  PemnsntmxB- 
ing  from  warm  yii"***^*^  with  dyspeptie  sad 
hepatic  disorders,  often  voiddila  white  gravel, 
for  which  they  haveieoonrae  to  empirical  sol- 
vents, for  the  mostpartalkiaine,  and  me  deep 
ly  injured.  They  oo^t  to  adopt  an  addufcwis 
met,  abstaining  firam  soda  water,  alkalis,  mttlt 
liquor,  madeira  and  port;  to  cat  sahda,  vkh 
add  fruits;  and  if  habit reqoirss it,  a gbsa  oC 
dder,  cfaampagna or  dsiet,  bat  thelessof  tiseae 
fiermented  liquon  the  better.  An  eflunaLSUg 
dnug^t  is  often  very  bcnffidal,  made  bv  dis- 
solving 30  grains  of  bicafboDate  of  potash,  and 
20  of  dtrie  add,  in  sepaaite  tea.«aps  of  water,, 
mixing  the  solution  in  a  large  tumbler,  and 
drinking  the  whole  daziDg  the  tflUraaiUMe. 
This  dose  may  be  repeated  8  or  4  timea  a-day> 
The  carbonic  add  of  the  aboife  mediciBe  cuata 
the  dmdatkn,  and  pemig  off  by  die  bladder, 
is  useful  in  retafaiiagi  particalaity,  the  triple 
phosphate  in  soladon,  as  was  that  poialed  oaut 
byDr.WoDaBlon.  Tfaebowdasbouldbakspfc 
Mffubr  by  medictoe  and  mode 
The  febrile  adectioBs  of  chUdien  I 
attended  by  an  apparmdy  fiamidabie  c 
of  white  sand  in  thearine.  A  doseaf  e 
will  gaerally  cany  off  bodi  the  fever  and  the 
sand.  Air,  exerdse,  baifc,  bitters,  ninenl  to* 
nics,  are  in  like  manner  often  saceeasfal  in 
removing  the  urinary  oomplaiata  of  g^own  vp 


In  considering  the  lad^aTcl,  it  is  i 
to  distinguish  between  diaaa  cases  in  vdiicfa  the 
sand  IS  actually  voided,  and  theae  in  which  it 
is  deposiied,  afker  some  boors,  fiom  originally 
Ihnp^  urine.  In  the  first,  the  sabnlous  af»- 
pearance  is  an  alarming  indicatkin  of  a  ten- 
dency to  form  calculi;  iBdieseoaBd,itisoftcaft 
merely  a  fleetmg  symptom  of  indigestioo. 
Should  it  i^nendy  recur,  however,  it  is  not 
to  be  disregarded. 

Bicsrbonate  of  potash  or  soda  is  die  proper 
remedy  for  the  red  sand,  or  liduc  add  depoattr. 
The  alkali  may  often  be  beneficially  combined 
with  opium.  AmnQonia,orit8c 
bonate,  may  be  resorted  to 


where  symptoms  of  indigestion  are  braa|^  on 
by  the  other  alkalis ;  and  partirailariy  in  red 


gravd  connected  with  gout,  m  wfaicfa  the  j 
and  kidneys  are  affected  by  toms.  Where 
potash  and  soda  have  been  so  long  employed 
astodissgreewith  tbestomadi,  tocreata nan- 
sea,  flatulency,  a  sense  of  weight,  pani,  and 
other  symptoms  of  indigestion,  magnrala  may 
be  prescribed  widi  die  best  effects.  The  to- 
dency  vrhieh  it  has  to  ateumnlate  in  dangerous 
quantides  in  the  intestines,  and  to  form  a  white 
sediment  in  mine,  calls  on  the  praedtiooer  to 
look  minutely  after  its  administndon*  It 
should  be  occaaiooally  altmated  widk  otbff 
Uxadve  medidnes,  MMBeda  d&Molvad  in  car- 
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bdBK  afiidf  at  Mr*  Sdiswcppc  una  to  pcpm 
it  many  yean  ago,  by  the  directkm  of  Mr. 
Bnihde,  is  an  degaiit  fonn  of  exhibiting  thb 
icmady* 

Cave  matt  be  had  not  to  poih  the  aliou 
line  medicines  too  far,  kit  they  give  me  to 
the  depoaitiop  of  earthy  phoaphirteB  in  the 


Caaca  occur  in  irfaicli  die  aabokms  depoeite 

oonaisu  of  a  mixture  of  lithie  add  with  the 

The  sediment  of  urine  in  inflam. 

rdiBorders  is  fiometimes  of  this  nature; 

and  o£  those  penons  who  habituaQy  indulge 

in  exfleasof  wine ;  as  also  of  those  who,  labour. 

ing  oBder  hqiaticalftctione,  secrete  much  alba- 

men  in  tlieir  niiae.    Puigea,  tonios,  and  nitric 

add,  vlud&iBthesohcntof  boththeabovesa. 

buknaa  mattan,  are  th^  appropriate  remedies. 

Tbe  best  diet  fior  ^patients  hdwuring  under  the 

lithaedspoiita^iBavegetable.    Dr.  Wollsfltan's 

fine  oinemtian,  tliat  tile  cxocmeDt  of  Wrds  fed 

aideijr  apoBanmal  matter,  is  in  agreatmea- 

aaieJlthitfadd,andlliecurioi»  faetshiee  as- 

ffrrtaiwfd,  tbat  the  eawawment  of  the  boa  oon- 

Btricfor,  fed atMSBlirdy  on  animals,  ispureU. 

thie  add,  eooear  in  gi^gf ores  to  the  above  di. 

sieiie]MeKriniieB.    A  week's  abrtinenoe  fh«i 

sBisnal  tedhas  been  known  to  rdiere  a  fit  of 

lidiic  odd  gmml,  where  the  alkalis  were  of 

little  andL    Bat  we  most  not  cany  the  vege^ 

table  ^atem  so  fig  as  to  produce  flatulency  M>d 


Snni  sve  the  principal  circumstances  connect* 
cd  wiAAe  diaeass  <rf  gravd  in  its  indplentor 
sabulons  stale.  The  catenii  formed  in  the  kid. 
■cyaari^  as  we  hafo  said  above,  either  lithjcy 
enalie,  or  cystic;  and  veryrarcly  indeed  of  the 
phoiphalespecim.  An  aqueous  regimen,  mo- 
dente  ezerdse  on  horseback  when  not  aocom. 
paaied  with  much  initation,  cold  bathing,  and 
mild  aperients,  ahng  with  die  appropriate  che- 
micsl  medidnci,  must  be  prescribed  in  kidney 
eases.  These  are  particulariy  requisite  imme- 
diately after  acute  pafai  in  the  region  of  the 
meter,  and  inflaomuUory  symptoms  have  led  to 
the  bdief  that  a  nucleus  has  deMended  into  the 
Idadder.  Puiges,  diuretics,  and  diluents, 
ought  to  be  liberally  enjoined.  Alarge  quan. 
tior  of  mnois  streaked  with  Uood,  or  of  a  pu. 
tmatt  aspect,  and  haroorxluigy,  are  frequent 
sjrmptomi  of  the  passage  of  the  stone  into  (he 


When  a  stone  has  onee  lodged  in  the  blad^ 
dcr,  nd  incressed  there  to  sudi  a  size  as  no 
haiger  to  be  capable  of  passing  through  the 
metba,  it  is  geiferally  allowed  I7  all  wm>  have 
cmdidly  oonridercd  uie  subject,  and  who  are 
quBfied  by  experienoe  to  be  judges,  that  the 
stcne  can  never  again  be  dissolved ;  end  al- 
though it  is  possilde  that  it  may  become  so 
kxaraed  in  its  texture  as  to  be  voided  pieee- 
mesl,  or  gradually  to  crumble  avray,  the  event 
is  10  aae  as  to  be  barely  probablsi 

Bjr  examining  collections  of  oskuli  we  leam, 
thstia  by  fitf  the  giettcr  number  of  cases,  a 


nndens  of  fithic  add  Is  enveuned  in  a  cruil 
of  die  phosphates.  Our  endeavouis  muse 
therefore  be  direct^  towards  redncmg  the 
excess  of  lithie  add  in  the  urine  to  its  natural 
standard ;  or,  on  the  other  hand,  to  lessen  die 
tendency  to  the  dtposition  of  the  phosphates. 
The  mine  must  be  submitted  to  domical  ex-> 
amination,  and  a  suitable  course  of  diet  and 
medicines  prescribed.  But  the  chemical  re- 
medies must  be  resulated  nicely,  so  as  to  hit 
the  happy  equiKbnum,  in  whidi  no  depodte 
will  be  fbrmed.  Here  is  a  powerful  eul  on 
physicians  and  surgeons  to  make  diemadves 
thoiou^y  versant  in  diemical  sdenoe;  for 
they  inH.  otherwise  commit  the  most  danger- 
ous blunders  in  cslculous  complaints. 

^  The  idea  of  dissolving  a  calculus  of  uric 
add  in  the  bladder,  by  the  mteraal  use  of  the 
caustic  alkidis,'*  says  Mr.  Brande,  •*  appears 
too  absurd  to  merit  serious  reftitation.**  In 
respect  tothe  phosphates,  it  seems  posdbk,  by 
keeping  up  an  unususl  addity  in  tne  urine,  so 
ftr  to  soften  a  crust  of  thecsleulns  as  to  make 
h  crumble  down,  or  admit  of  befaig  abraded  by 
the  sound ;  but  dib  is  the  utmost  that  can  be 
looked  fbr;  and  the  lidiic  nucleus  will  still 
remain.  ^  These  oonsideradons,*'  adds  Mr* 
Brande,  ^  independent  of  more  urgent  reasons, 
show  the  fbtility  of  attempting  the  solution  of 
a  stone  of  the  bladda  by  the  injection  of  add 
and  alkaline  solutions.  In  respect  to  the  sl- 
kalis,  if  soffldenUy  strong  to  act  upon  die  uric 
crust  of  the  calculus,  they  would  oertahdy  in. 
jure  the  coats  of  the  bladder;  they  would 
otherwise  become  inactive  by  combination  with 
the  adds  of  the  urine,  and  they  would  fbtm  a 
dangerooa  nredpltate  from  die  same  cause.'*— 
*^  It  theretore  appears  to  me,  that  Fourcroy 
and  others,  who  bive  advised  the  plan  of  in- 
jection, have  thought  little  of  all  these  obstacles 
to  success,  and  have  regarded  the  bladder  as  a 
lifdess  receptacle,  into  which,  as  into  an  India 
rubber  bottle,  almost  any  solvent  might  be 
injected  with  impunity.'*--Jo»ma/  o/ScieneCy 
vol.  viiL  p.  216. 

It  does  not  appear  that  die  peculiarities  of 
water  in  different  districts  have  any  influefnoe 
upon  the  production  of  calculous  disorders. 
Dr.  WoUaston's  discovery  of  the  analogy  be- 
tween  urinary  and  gouty  concretions  has  led  to 
the  trial  in  gravd  of  die  vinum  colchMy  the 
specific  Ibr  gout  By  a  note  to  Mr.  Brande^s 
dissertation  we  leam  that  benefit  has  been  de- 
rived from  it  in  a  case  of  red  graveL 

Dr.  Henry  confirms  the  above  preoepte  in 
die  foQowing  dedded  hmguage.  ^  These 
cases,  and  omers  of  the  same  xind,  which  I 
think  it  unnecessary  to  mention,  ^nd  to  dis- 
courage all  attempts  to  dissolve  a  stone  sup- 
posed to  consist  of  uric  add,  after  it  has 
attuned  coonderable  size  in  the  bladder;  all 
that  can  be  effected  under  such  circumstances 
by  alkaline  medidnes  appears,  as  Mr.  Brande 
has  remarked,  to  be  die  predpitating  upon  it 
a  coating  of  the  earthy  phosphates  nom  the 
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Qxine ;  a  aait  of  cgncrelion  wUdv  «  has  been 
obicrved  by  Tttiout  pnctical  writers,  incraeMi 
much  more  rapidly  than  that  ccininBting  of 
uric  add  only.  The  same  unfavourable  mSa- 
ence  may  be  drawn  also  6om  the  dissections 
of  those  penoDS  in  whom  a  stone  was  supposed 
to  be  dissolved  by  alkaline  medicines  ;  for  in 
these  instances  it  has  been  found  either  en- 
cysted, or  placed  out  of  the  xeach  of  the  sound 
by  an  eolaigement  of  the  prostate  gland. 

The  urinary  calculus  of  a  dog,  examined  by 
Dr.  PeaisoD,  was  found  to  consist  principally 
of  the  phosphates  of  lime  and  ammonia,  with 
animal  matter.  Several  taken  from  horses 
were  of  a  similar  composition.  Oneofaiabb. 
bit  consisted  chiefly  of  carbonate  of  lime  and 
animal  matter,  with  periiaps  a  little  phospho- 
ric add.  A  quantity  of  sabulous  matter^ 
ndther  crystalliaed  nor  concrete,  is  sometimaa 
found  in  the  bbidder  of  the  horse:  in  one  in-, 
stance  there  were  nearly  45  pounds.  These 
i^ipear  to  oansist  of  cariNMiate  of  lime  and  ani- 
mid  matter.  A  calculusof  a  cot  gave  Fourcroy 
three  psrts  of  carbonate  and  one  of  the  phoft. 
palate  of  lime.  That  of  a  pijg^  according  to 
BerthoUet,  was  phosphate  of  lune. 

The  renal  calculus  in  man  appears  to  be  of 
the  same  nature  as  the  urinary.  In  that  of  the 
horse,  Fourcrpy  found  three  parti  of  carbonate 
and  one  of  phosphate  of  lime.  Dr.  FearMU, 
in  one  instance,  carbonate  of  lime  and  animal 
matter  ;  in  two  others,  phosphates  of  lime  and 
ammonia,  with  animal  matter. 

Arthritic  calculi,  or  those  formed  in  the 
joints  of  gouty  persona,  were  once  supposed  to 
be  carbonate  of  lime,  whence  they  were  called 
chalkstones;  afterward  it  was  supposed  that 
they  were  phosphate  of  lime ;  but  Dr.  WoU 
laston  lias  shown  that  they  are  lithate  of  soda. 
The  calculi  found  sometimes  in  the  pineal, 
prostate,  salivary,  and  brondiial  glands,  in  the 
pancreas*  in  the  corpora  cavernosa  penis,  and 
between  the  musdes,  as  well  as  the  tsrtar,  as 
it  is  called,  that  incrusts  the  teeth,  appear  to 
be  phosphate  of  lime.  Dr.  Cvompton,  how- 
ever, examined  a  calculus  taken  from  the  lungs 
of  a  deceased  soldier,  which  consisted  of  lime 
45,  carbonic  add  37,  albumen  and  water  18. 
It  was  very  hard,  irregulady  spheroidaJ,  and 
measured  about  6^  inches  in  circumference. 

For  the  biliary  calculi,  see  Gall.  Those 
called  lezoart  have  been  already  noticed  under 
thatartide. 

It  has  been  observed,  that  the  lithic  add, 
which  constitutes  the  chief  part  of  most  human 
urinary  calculi,  and  abounds  in  the  arthritic, 
has  been  found  in  no  phytivorous  animal;  and 
hence  has  been  deduced  a  practical  inference, 
that  abstinence  from  animal  food  would  pro. 
vent  their  formadon.  But  we  ae  inclined  to 
think  this  condusion  too  hasty.  The  cat  is 
carnivorous ;  but  it  appeared  above,  that  the 
calculus  of  that  animal  is  equally  destitute  of 
lithic  add.  If,  therefore,  we  would  form  any 
deduction  with  respect  to  regimen,  we  must 


look  for  imnflWiig  «Md  by  i 

of  all  other  anlmala;  and  thia  ia  dtwaoMsl^ 

found  in  fermented  liquon,  bat  spparcndy  in 

nothing  else:  and  this  prsctical  infercnce  ia 

sanctioned  by  the  moat  icspectaUa  madical 

authorities. 

The  fdlowing  valuable  cHieHa  of  die  dif- 
ferent kinds  of  urinary  calculi,  have  been  gh«B 
byM.Beaelius  in  his  tnatiae  on  tha  use  of 
the  blowpipe. 

1.  We  nmy  leeogniae  cticuR  fofinad  of 
uric  add,  from  their  being  caibaaiaed  and 
smoking  with  an  animal  omr 
by  themsdves  on  cfaansgal  ok  . 
They  dwindle  vmy  at  tba  blowpipo  Auac 
Towarda4he  end,  they  bum  with  an  inacase 
of  lights  an41aaveasmaUqitaala^ofwliilo 
voy  aUufUne  tMhes. 

Todiatiagoish  these  oonaetioQa  fnm  odier 
fnbitances,  which  comport  thcmadvea  in  the 
above  manner,  wemust  try  a  poKtioB  of  tlit 
calcttlus  by  the  humid  way*  Thna  »  XaA 
of  a  grain  of  this  caUmliis  being  put  on  a  thia 
plate  of  glass  orplarinum,  abng  with  adrap 
of  nitric  add,  we  must  heat  it  at  tfaa  flame  of 
^e  lampb  The  uric  adddiasolvcB  with  d&r- 
vesoence.  The  matter,  when  dried  villi  pes- 
cantun  to  prevent  it  from  chairing«ia  oUsrnffA 
in  a  fine  red  colour;  If  the  cakoli 
but  little  uric  asid,  tfaa  subataODe 
blackens  l^  this  prooesh  We  moat  then  take 
a  new  portion  of  the  oonaetion,  aodafVBr  hav- 
ing dissolved  it  in  nitric  add,  lonove  it  finm 
the  heat:  Uie  sohitian,  when  neaily  dry,  is  to 
be  allowed  to  cool  and  become  dry.  We  then 
expose  it,  sticking  to  its  support,  lo  the  warm 
valour  of  caustic  ammnnia.  (Fkom  water  of 
ammonia  heated  hi  a  tca.4iKMBi).  Thisammo- 
niacal  vapour  dovdopa  a  bcantifol  nd  coloor 
in  it.  We  may  also  moisCen  the  dried  natter 
wiA  a  little  weak  water  of  anun«iia. 

If  the  conoretions  ase  amixtuaeof  orie  add, 
and  earthy  phosphate,  tfasy  caiboniaeand  on- 
sume  like  the  above,  hot  tkdr  leeidaiBn  ia 
more  bulky ;  it  ia  not  alkaliMb  nor  aobibk  in 
water.  Thar  exhibit,  with  nitric  add  and  am- 
noonia,  the  mie  red  colour  of  uric  add.  Tlidr 
ashes  contain  phoq>hateof  lime^  or  of  lime  and 


3.  The  cakuRofmnU  ^tf^odaax  hudtf 
met  with  except  in  the  eonctetlooa  roaDdthe 
articulations  of  gouty  patienta.  When  heated 
alone  upon  chaivoal,  tlwy  blacken,  eThaling  an 
eDopyzeumatic  aaiinal  odour ;  tkey  aie  with 
difficulty  reduced  into  ashes,  whidi  areaCvoiyly 
of  vitrifying  t^ 


When  there  are  earthy  aalls  (phoqibates)  in 
these  cflDoetkns,  they  aiibrd  a  whiriah  or 
opaque  grey  glass. 

3.  The  aUcmH  qf  urate  of  tunmouia  com* 
port  themsdvea  at  the  blowpipe  like  those  of 
uric  add.  A  drop  of  caustic  potash  maks 
them  exhale,  at  a  moderate  heat,  madi  aminfw 
nia.  Wc  must  not  confound  this  odonr  vith 
the  slight  ammoniaoo^lixivial  amdltwhidt  f<^ 
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Uwte  of  Moa  UHkeviM found  in 
thei«  calcali. 

4.  Co^^i  ^  jphotphate  qf  lime,  Thef 
bladcen,  wilh  tte  <Trhilatinn  of  an  empyim. 
made  animal  odour,  without  meldng  of  thenu 
idTea  at  the  blovipipe,  but  whiten  into  an 
evident calcaraouapfaoq^iatc:  Withsodath^ 
•well  up  without  viliiArinfr  DieeolTed  in 
boracic  acid,  and  Aued  along  with  a  little  icoD» 
thef  yield  a  bead  of  phosphuvet  of  iron. 

5.  CaicuU  (f  amm<miaaMnagtudam  fhotm 
fkaiej  heated  alone  on  a  plate  of  phrthwin, 
eihale  the  empynumatie  animal  odom^  at 
tile  BBme  time  hlaekenin^  iwdling  ap,apd 
beBwnlng  finally  geeyaehp.white.  A  kind  of 
gicjia]i.wfaite  enamel  ia  in  thie  manner  ob» 
taincd.  With  boiaz  they  melt  mto  a  ghue» 
whkb  ia  umnpaiwil,  or  which  beeomee  ai  a 
milky-iAilfceeBeooliiM^  Soda  in  email  qiuou 
tky  caaaea  them  to  £ae  into  a  frothy  whiiha 
aiaj^  ;  a  lam  quantity  of  eoda  makee  them 
infiwihlf.  They  yield,  with  iron  and  boracic 
add^  a  bead  of  phoepbaiet  ofiran^  with  ni« 
tma  fl/eobalt,  a  glaaa  ofa  deep  red  or  faiown. 
Ifaallaoflimeexiat  in  theee  GGoaetioDa^  the 
mastan  of  them  is  kee  fueiUe. 

6b  CtUeuH  of  oatoUtU  qf  Umt^  ezpoeed  to 
liie  bloi^pe,  exhale  at  first  the  urinoDS  smelli 
Ihcv  beoDme  fixat  of  a  dull  ooloor  at  the  flame, 
and  afienmda  their  oolonr  bi^tens.  What 
mmaiiia  after  a  modeiate  ignition,  efibreaoee 
with  nitric  add.  After  a  emart  jet  of  the 
^'^wtr\  there  urifnaini  quidcUme  on  the  rhfirroal. 
wfaidi  reacta  like  an  alkali  on  the  colour  of 
fitmoa,  wild  audlow  flmrer,  or  cabbage,  and 
dakca  with  water.  But  thia  doea  not  happen 
vhen  the  reeiduum  coneiBtB  of  calcareoua  pirn- 


7y  ThenOiemmt  ealcuhuy  heated  alone,  leaTea 
iob-cariaceooaorinfttaibleaahes.  Treated  with 
alittie  eoda,  thne  diieolve  with  effisrveeoenoe, 
hudowly,  leaving  a  bead  of  glaea  of  a  grey 
nIouE,  or  of  little  ttansporency. 

&  Laady,  Ihe  cytHc  oxide  cakuU  affocd 
neerly  the  eame  reaults  as  uric  add  at  the 
Uowpipa.  They  readily  take  fire,  burning 
with  a  Uinriugreen  flame,  without  melting, 
with  the  diBcpgagement  of  a  livdy  and  very 
pwoiiar  add  odoor,  which  has  eome  affinity 
Iptfaatof^anogcn.  Their  aehea,  whidi  are 
Bot  alkaline,  redieeolve  by  a  jet  of  the  flani& 
■to  a  greyiab-white  maes.  They  do  not  yield 
seed  eokrar  in  their  treatment  with  nitric  add, 
fib  ^urie  add  conerctioDa. 

CAI4CO  PAINTING;  theartof  dydng 
doth  (duefly  cotton  and  linen)  topically;  that 
ht  impraesmg  figures,  in  one  or  more  ccloun, 
00  ccrtah)  parte  of  the  doth,  wfaUe  the  reat  of 
the  eur&ee  ia  left  ia  its  original  state.    See 

CALOMEL.    Chlonde  of  meicury ;  fre- 
qncttdy  called  mild  muriate  of  mercury ;  and 
I,  but  less  properly,  submuriate  of 
See  JdSRCir&T. 


On  CAI.OBIC. 

CALORia  The  agent  to  whidi  tilt 
phenomena  of  heat  and  combnstion  are  aa- 
cdbed.  Thia  is  hypodietkally  regarded  as  a 
fluid,  of  inanpredafale  tenuity,  whoee  partidca 
are  endowea  with  indfifinite  idicMwpuldva 
powers,  and  which,  by  their  diatribatwn  in 
Tarious  pzoportians  among  the  partidea  oC 
^derable  matter,  modifv  odieatve  attrac. 
giving  birth  to  the  three  general  tens 


of  gaaeoua,  liquid,  and  aolid. 

Many  end 
doubted  thee 


eminent  philosophers,  however^  hava 
ihe  separate  entity  of  a  cakniic  matter, 
and  have  adduced  evidence  to  show  that  tha 
phenomena  might  be  rather  refined  ta  a  vk 
biatory  or  inttttine  motion  of  the  partidea  of 
oonmion  matter.  The  moetdistiogutthed  ad» 
Tocate  of  this  opinion  in  modem  timee  U  Sir 
H.  Davy,  the  usual  juatnees  and  profundity 
of  whose  views  entitle  them  to  dcferenoe.  3^ 
Allowing  sketch  of  his  ideaa  on  this  intricata 
subject,  though  it  graduates  perh^  into  tha 
poetry  of  edence,  cannot  UH  to  increase  our 
admiration  of  his  genius,  and  to  inculcate 
moderation  on  the  partisans  qf  the  opposite 
doctrine. 

'^Calorific  repulsion  has  been  accounted foiv 
b^  supposing  a  subtile  fluid  capable  of  coou 
liuung  with  bodies,  and  of  separating  their 
paru  firam  each  other,  which  has  been  named 
the  matter  of  heat  or  coiloric. 

*•''  Many  of  the  phenomena  admit  of  a  hi^ipy 
explanation  on  tms  idea,  such  as  the  cold  pra> 
duced  during  the  conversion  of  solids  into 
fluids  or  gsflcs,  and  the  increase  of  temperatoxa 
connected  with  the  condensati^m  of  gases  wd 
fluids.*'  In  the  former  casewe  say  the  matter 
of  heat  is  abeocbed  or  combmed,  in  the  latter 
it  is  extnided  or  disengsged  from  oomfalaadon. 
«( But  there  are  other  £cts  which  are  not  so 
easily  reconciled  to  the  opinion.  Such  are  the 
production  of  heat  by  friction  and  peroueaion; 
and  some  of  the  chemical  changes  which  have 
been  just  referred  to."  These  are,  the  violent 
heist  produced  ia  the  explosion  of  gunpowder^ 
where  a  large  quantity  of  aeriform  matter  is 
disengaged ;  and  the  fire  which  appears  in  the 
dfcompnsitinn  of  the  euchlorine  gas,  ar  (BO- 
tozide  of  chlorine,  though  the  resulting  gases 
occupy  a  greater  volume. 

**  when  the  tempemtuie  of  bodies  is  raised 
]m  friction,  there  seems  to  be  no  dimioutioo 
of  their  capadties,  using  the  word  in  ita  coow 
mon  sense ;  and  in  many  diemical  changes, 
connected  with  an  increase  of  temperature, 
there  appeals  to  be  likewise  an  increase  of 
capacity.  A  piece  of  iron  made  red-hot  by 
hammezing,  cannot  be  strongly  heated  a  second 
time  by  this  same  mesas,  unless  it  has  been 
previoiudy  introduced  into  a  fire.  This  fact 
Iiae  been  explained  by  auppodn^  that  the  fluid 
of  heat  has  been  pressed  out  of  it,  by  the  per* 
cussion,  which  is  leoovered  in  the  fiie;  but 
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this  ii  A  fciy  xnde  mwimiiflJ  ideai  the  ar* 

rangementi  of  ki  ptrts  are  altved  byhammer- 
Sng  in  this  way,  and  it  is  rendared  brittle^ 
By  a  moderate  dmee  of  fiictioD,  as  would 
i^pear  from  Rumrard*s  experiments,  the  same 
piece  of  metal  may  be  kqpt  hot  for  any  lengdl 
of  time ;  so  that  if  beat  be  messed  out,  the 
qoandty  must  be  inexhaustible.  When  any 
body  is  cooled,  it  occupies  a  smaller  volume 
iban  before ;  it  is  evident  'therefore  that  its 
parts  must  have  approached  to  each  other: 
when  the  body  is  expanded  by  heat,  it  is 
equally  evident  that  its  parts  must  have  se- 
parated  from  each  other.  The  immediate 
cause  of  the  phenomena  of  heat,  then,  is  mo- 
tion, and  the  laws  of  its  communication  are 
precisely  the  same  as  the  laws  of  the  commu- 
nication of  motion.*'  ^*  Since  all  matter  may 
be  made  to  fill  a  smaller  volume  by  cooling, 
it  is  evident  that  the  partides  of  matter  must 
have  space  between  them ;  and  since  every 
body  can  communicate  the  power  of  expansion 
to  a  body  of  a  lower  temposture,  that  is,  can 
give  an  expmsive  motion  to  its  partides,  it  is 
a  probable  inference  that  its  own  partides 
are  possessed  of  motion  ;  but  as  there  is  no 
diange  in  the  position  of  its  parts  as  Ions  as 
its  temperature  is  uniform,  tilie  motion,  if  it 
exist,  must  be  a  vibratory  or  undulatory  mo. 
tion,  or  a  motion  of  the  partides  round  thdr 
axes,  or  a  motion  of  partides  round  eadi  other. 

"  It  seems  possible  to  aoooont  for  all  the 
phenomena  of  heat,  if  it  be  supposed  that  in 
sdids  the  partides  are  in  a  constant  state  of 
vibratory  motion,  the  particles  of  the  hottest 
bodies  moving  with  the  greatest  vdodty,  and 
through  the  greatest  space;  that  in  liquids 
and  dastic  fluids,  besides  the  vibratory  motion, 
which  must  be  ooncdved  greatest  in  the  last, 
the  partides  have  a  motion  round  their  own 
axes,  with  different  velodties,  the  partides 
of  elastic  fluids  moving  with  the  greatest 
auidmess ;  and  that  in  ethereal  substances," 
the  partides  move  round  their  own  axes,  and 
sepuate  from  each  other,  penetrating  in  right 
lines  through  space.  Temperature  may  be 
conodved  to  depend  upon  the  vdodties  of  the 
vibrations;  increaseofcapadty,  on  the  motion 
being  performed  in  greater  space;  and  the 
diminution  of  temperature,  during  the  con- 
version of  solids  into  fluids  or  gases,  may  be 
explained  on  the  idea  of  the  loss  of  vibnuory 
motion,  in  consequence  of  the  revolution  of 
partides  round  their  axes,  at  tiie  moment  when 
the  1x>dy  becomes  liquid  or  aeriform ;  or  from 
the  loss  <^  rapidity  of  vibration,  in  consequence 
of  the  motion  of  the  partides  through  greater 
space. 

«^  If  a  specific  fluid  of  heat  be  admitted, 
it  must  be  supposed  liable  to  most  of  ^  af- 
fections which  the  partides  of  common  matter 
are  assumed  to  possess,  to  account  for  the 
phenomena ;  such  as  losing  its  motion  when 
combining  with  bodies,  producing  motion  wlien 
transmitted  from  one  body  to  another,  and 


gaining  pto^ecille  _ 

nee  space ;  so  tiiat  many  hypotnestt  mist  1m 
adopted  to  aoooant  for  ito  agency,  which 
rendeiB  tiiis  view  of  tiie  subject  less  smipfe 
tium  tiie  odier.  V eiy  delicate  experimeDts 
have  been  made,  which  showtbat  bodies,  when 
heated,  do  not  increase  in  wei^it.  This,  as 
far  as  it  goes,  is  an  etidence  agsinst  a  sobtile 
dastic  fluid  produdng  tiie  calorific  erpausioo  ; 
but  it  cannot  be  considered  as  deddve,  on  nc- 
oottot  of  the  imperfection  of  our  inatannenta. 
A  cubical  inch  of  inflammable  air  requirea  m 
good  balance  to  ascertain  fhat  it  has  any  aen- 
siUe  wei^t,  and  a  subetance  bearing  the  aaaoe 
rdation  to  this,  that  this  bears  to  platimiiii, 
could  not  perhaps  be  weiglied  by  any  method 
in  our  possession.*' 

It  has  been  supposed,  (m  tiie  other  nasid, 
that  the  observationa  of  Sir  Wm.  Heradid 
on  the  calorific  rays  which  aceompany  those 
of  light  in  the  sdar  beam,  affind  dedaive  eri» 
dence  of  the  materidity  of  cslorfc,  or  sit  least 
place  tile  proof  of  its  cxiatence  and  diat  of 
Ugfat  on  tiie  same fomidatioo.  Tha^edcbiMed 
aatzooomer  disoovered,  tiiat  when  aimilar  ther- 
mometers were  placed  in  tiie  dinsRoC  parts  of 
the  solar  beam,  decomposed  by  tiie  nriaa  hrto 
tiie  primitive  ookmrs,  they  faidieatod  diflbcnt 
temperatures*  He  estmatcs  the  powes  of 
heatingin  the  red  n^s,  to  be  to  duMtof  die  graen 
rays,  as  M  to  96,  and  to  that  of  the  viofet  rays 
as  65  to  Ifi.  And  in  a  space  beyond  the  red 
rays,  where  tiicse  is  no  vidbk  IMt,  the  in- 
crease of  temperature  is  neatest  ofalL  Urns, 
a  thermometer  in  the  foBBediayioae  7*  Fahr. 
in  ten  minutes;  beyond  ^  conflDes  of  die 
coloured  beam  entiirdy,  h  loae  in  an  equal 
time  9*. 

These  experiments  were  repeated  by  Sir  Jj. 
KnglefigJd  witii  shnilar  resolta.  K.  Bcnvd, 
however,  came  to  a  somewhat  cnRraat  ooo- 
dnsion.  To  render  his  eipqimeuU  more 
certain,  and  their  effects  moe  aensihie,  thia 
ingenious  philosopher  avafled  Umadf  of  the* 
helkutatj  an  instrument  by  wbkh  tiie  aanhesm 
can  be  steadily  directed  to  one  spot  daring  the 
whole  of  its  diumd  period.  He  decomposed 
l^  a  prism  tlie  sunbeam,  reflected  from  tiie 
minor  of  the  hdiostat,  and  plaoed  a  sensible 
thermometer  in  esdi  of  the  seven  coloured 
rays.    The  cdorific  fkcnl^  was  finmd  to  In- 


progressively  from  the  violet  to  the  red 
portion  of  the  spectrum,  in  which  tiie  mftr- 
tmum  heat  existed,  and  not  beyond  it,  in  the 
uniUuminated  space.  The  greatest  rise  in  the 
thermometer  took  place  wldk  its  bulb  was  atiU 
entizdy  covered  by  the  last  red  rays;  and  it 
was  dMcrved  progresrivdy  to  sink  aa  tiie  bulb 
entered  into  tlie  dark.  Finally,  on  phong 
the  bulb  quite  out  of  the  viaUe  spectrum, 
where  Uerschel  fixed  the  maximum  of  heat, 
the  devation  of  ita  temperature  above  the 
ambient  air  was  found,  by  M.  Bersrd,  to  be 
only  one-fiftii  of  what  it  was  in  the  extreme 
red  ray.    He  afterwards  made  dmilar  espen- 
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^jjiif  ujwtol,md  ihom  pdwfaed  Mght, 
tefomidin  both  cmm  thai  the  calorifle  piift. 
dple  MDOttDHMd  the  luniiiioitt  nokeokts 
flid  dttt  m  die  pootloM  wh«K  l^t  ecMed  to 
be  Mflected,  heat  alio  diiippeuei. 

NewtoD  hM  thowo,  that  the  difibeot  ie<. 
firuglhilitj  of  the  leji  of  light  mey  he  ez^ 
r******^  by  mppotfaig  them  eompoaed  of  per- 
tidoe  diffloiog  in  ok,  the  hHEgest  beiiig  at  the 
red,  and  the  osaUett  at  the  violet  extremity  of 
the  apeemim.    The  iame  great  man  has  put 
the  ffoery,  Whether  Ught  and  common  matter 
aae  not  eooYffdble  into  eaeh  other  ?  and  adopt- 
ing the  idea,  that  the  phcoomenaof  ieodble  heat 
depend  upon  vibiatiMie  of  the  particles  of  bo- 
dia,  anpposes  that  a  certain  intensity  of  vi^ 
hndona  nu^  send  off  partides  into  free  space ; 
and  dbafc  particles  in  rapid  motioo  in  right 
linea.  in  kdlBg  their  own  motion,  may  com. 
numieale  a  vibratory  modon  to  the  particles 
of  tenestrial  bodies.    In  tibis  way  we  can  rea- 
dily eooeetve  how  the  red  rays  should  impinge 
t  RMcibiy,  and  theceftMe  excite  tut  greatest 
^ofheac 

has  now  been  said  to  show  how 
little  loom  there  is  to  pronounce  dogmatic  de- 
cWona  on  the  abstract  nature  of  heat  If  the 
ewenee  of  die  cause  be  still  involved  in  mys* 
toy,  many  of  ito  properties  and  effects  have 
been  seBfrtainfd,  and  skilfully  applied  to  the 
ealinaliott  ef  edenee  and  the  uses  of  life. 
We  shall  eooBider  them  in  the  fioUowing 


'  I.  Of  theneasan  of  tempcKStuie. 
a.  Of  thedistfibntiottof  heat. 
3.  Of  the  gcaersl  habitudes  of  heat  with 
oie  dincrent  lonus  of  matter. 
It  win  be  coBvenieot  to  make  use  of  the 
_  J  and  to  speak  of  heat  as  ex- 
iln  greater  or  snudler  quantities, 
witfaoat  meaning  thereby  to  decide  on  the  ques. 
tHn  of  its  natwew 
L  Of  the  measnze  of  tempentoie. 
If  a  rod  or  ring  of  metal  of  oonsidaable 
aoe,  wUch  is  fitted  to  an  oblong  or  circular 

Kin  its  ordinary  state,  be  moderately 
it  will  be  (bund,  on  mdyinff  it  to 
the  opol  gnage,  to  have  enlarged  its  dimeo- 
oons.  It  is  thus  that  ooachmakers  enlarge 
tfadr  strong  iron  rims,  so  as  to  make  them 
CBlaaee  and  firmly  bind,  by  their  retzactian 
when  cooled,  the  wooden  frame  work  of  thdr 


Ample  experience  has  proved,  that  bodies, 
by  bcteg  progressively  heated,  progressively 
acvease  in  bulk.  On  this  prinaple  are  oon- 
stractcd  the  various  mstrumenta  for  measuring 
tanpceatnre.  If  the  body  selected  for  indi- 
catiog,  by  its  increase  of  bulk,  the  increase  of 
beat,  su&red  equal  expansions  by  equal  in- 
cnaeats  of  the  calorific  power,  then  the  in- 
strnment  would  be  perfect,  and  we  should 
have  a  jnst  thermometer,  or  pyrometer.  But 
it  is  very  dottbtAil  whether  any  substance, 


trdid  iw  Hqnid,  priMffrri  ihii  murtde  lehtioB 
betwem  its  inoease  of  vohune  and  jnorasaa 
of  heat.  The  following  quotation  iiom  a 
paper  whidi  the  BoyJ  Society  did  me 
the  honoor  to  pnblish  in  their  Tiansae. 
tkms  for  1818,  conveys  my  notiooa  on  thia 
subject: 

'«!  think  it  indeed  highly  probable^  that 
every  species  of  matter,  binh  sofid  and  liquid, 
follows  an  increasing  rate  in  its  enlargement 
by  caloric  Each  pardon  that  enters  into  a 
body  must  weaken  the  antagonist  force,  oo* 
hesion,  and  must  therefore  render  more  efli- 
cacious  the  operation  of  the  next  portion  that 
is  introduced.  Let  1000  repreient  the  co- 
hesive attraction  at  the  oammencemcot,  then^ 
after  receiving  one  increment  of  caloric,  it  will 
become  1000  —  1  =  999.  Since  the  next 
unit  of  that  divellent  agent  will  have  to  com. 
hat  only  this  diminished  cohesive  force,  it  will 
produce  an  effect  greater  than  the  first,  in  the 
proportion  of  1000  to  909,  and  so  on  in  con- 
tinned  progression.  That  the  increashw  ratio 
is,  however,  greatly  less  than  Mr.  Dalton 
maintains,  may,  I  think,  be  clearly  demon- 
strated.*'   P.  34. 

The  chief  object  of  the  second  chapter  of 
that  memoir,  is  the  measure  of  temperature. 
The  experiments,  on  which  the  reaaooing  of 
that  part  is  founded,  were  made  in  the  years 
1812  and  1813,  in  the  presence  of  many 
philosophical  friends  and  pupils.  By  means 
of  two  admirable  micrometer  microscopes  of 
Mr.  Troughton*8  construction,  attached  to  a 
peculiar  pyrometer,  I  found  that  between  the 
temperatures  of  nieking  ice,  and  the  640th 
degroe  Fahr.,  the  apjpBient  doogatkms  of  rods 
of  pure  copper  and  iron  corresponded  jfari 
poitu  widi  the  indications  of  two  mercurial 
thermometers  of  singular  nicety,  made  by  Mr. 
Gr^hton,  of  Glasgow,  oompssed  with  a  very 
fine  one  of  Mr.  Trooghton*s.  I  consider  the 
above  results,  and  omers  contained  in  that 
same  psper,  as  decisive  against  Mr.  Dalton*s 
hypothetical  graduation  of  thermometers.  They 
were  obtained  and  detailed  in  public  lectures 
manv  years  before  the  elaborate  researches  of 
MM.  Petit  and  Dulong  on  the  same  subjeet 
appeared;  and  indeed  the  paper  itself  passed 
through  Dr.  Thomson's  hands  to  London, 
many  months  before  die  excellent  dissertation 
of  the  French  philosophers  was  published. 

The  researches  of  MM.  Dulong  and  Pedt 
an  contained  in  the  7th  volume  of  the  Annales 
de  Chimie  et  de  Physique.  They  commence 
with  some  historical  details,  in  which  th^ 
observe,  ^^  that  Mr.  Dalton,  considering  thu 
question  from  a  point  of  view  much  more  ele- 
vated, has  endeavoured  to  esteblish  general 
laws  applicable  to  the  measurement  of  all  tem- 
peratures. These  laws,  it  must  be  acknow- 
icdged,  form  an  imposing  whole  by  their  re- 
gubrity  and  simplicity.  Unfortunately,  this 
skilful  philosopher  proceeded  with  too  much 
rapidity  to  generalize  his  very  ingenious  no- 
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The  aMuequenee  it,  dttt  tliere  it  scnedf  OM  air  tfamiioiiieeer  did  ••»  i 

«r  hU  BSflortioiM  but  what  is  cootradicted  by  difleordaan.    The  KDllavhi^  libte  gt  MM. 

Ae  rendt  of  die  fesearcfaes  which  we  are  now  Doling  and    Peiit  gfttai  the  nmha   fiom 

going  to  make  Imowii."    AL  Ovy  haattK  had  neariy  the  fiaering  to  <lie  booing  poiot  of 
pie^msly  ahown,  that  between  the  limits  of 


TABLE  qfComjMriton  of  the  Mercurial  and  Air  Thermometer, 


Temperature  indiorted  by  the 
mercuriaL 

Tolkofthesame 
nuns  of  air. 

Temperature  indicated  byan  air  ther* 
eonected  for  the  dilatation  of  gkus. 

Centigr. 

Fahr. 

Centigr. 

Fahr. 

-36» 

— 32.8» 

0.86IK) 

^SftOO* 

—82. 8* 

0 

+32 

1.0000 

.00 

+32.0 

100 

212 

1.3750 

100.00 

212.0 

IdO 

302 

1.6576 

148.70 

299.69 

200 

392 

1.7389 

197.05 

386.69 

200 

482 

1.9189 

245.05 

475.09 

300 

fi7^ 

2.0976 

292.70 

55a8e 

Boiling,  360 

680 

2.3125 

850.00 

662.00 

The  wen  known  nniformlty  in  the  principal 
physical  properties  of  all  the  gases,  and  par- 
ticularly the  perfect  identity  in  the  laws  of 
their  dilatation,  render  it  vei^  probable,  that 
in  this  dass  of  bodies  the  disturbing  causes, 
to  which  I  have  adverted  in  my  paper,  have 
not  the  same  influence  as  in  solids  and  liquids ; 
and  that  consequently  the  dianges  in  volume 
produced  by  the  action  of  heat  upon  ur  and 
gues,  are  more  immediately  dependent  upon 
3ie  force  which  produces  them.  It  is  theze« 
fore  very  probable,  tliat  the  greatest  number 
.of  the  phenomena  relating  to  heat  will  present 
themsdves  under  a  more  simple  form,  if  wc 
measure  the  temperatures  by  an  air  thermo- 
meter. 

I  comdde  with  these  remarks  of  the  French 
chemists,  and  think  they  were  justified  by 
such  considerations  to  employ  the  scale  of  an 
air  thermometer  in  tlreir  subsequent  researches, 
which  form  the  second  part  of  their  memoir  on 
the  laws  of  the  communication  of  heat. 

The  boiUng  point  of  mercury,  according  to 
MM.  Didopg  and  Petit,  measured  by  a  true 
thermometer,  is  662  of  Fahr.  d^;ree8.  Now 
by  Mr.  Gri^ton's  thermometer  the  Iwiling 
point  is  656»,  a  diiference  of  only  6>  in  that 
prodigious  range.  Hence  we  see,  as  I  pdnted 
out  in  my  paper,  that  there  is  a  compensation 
produced  between  tiie  unequable  expansions 
of  mercury  and  glass,  and  the  lessening  mass 
of  mercury  jemaming  in  the  bulb  as  the  tem- 
peratures rise,  whereby  his  thermometer  be- 
comes a  true  measurer  of  the  increments  of 
sensible  caloric.  From  all  the  experiments 
whidi  have  been  made  with  care,  we  are  safe 
in  assuming  the  apparent  expansion  of  mer. 
cury  in  ghus  to  be  l-63d  port  of  its  volume 
on  an  average  for  every  180*  Fahr.  between 
32*>  and  662*,  or  throu^  an  interval  of  7 
times  90  degrees.    Hence  the  apparent  ex. 


panidon  in  glass  for  the  whole  is,  -j^  ^z-^ 
=  Ms  =  35»  Fahr. 

Were  the  whole  body  of  the  thermometfr, 
stem  and  bulb,  immersed  in  bcriling  mercury, 
it  would  therefore  indicate  35*  more  tiian  it 
does  when  the  bulb  alone  is  immersed,  or  it 
would  mark  nearly  691*  by  Crighton.  But 
the  abstraction  made  of  these  35*,  in  eonse- 
ouence  of  the  bulb  alone  being  immersed  in 
the  heated  liquids,  brings  back  the  common 
mercurial  scale,  when  wdl  executed,  nearly 
to  the  absolute  and  just  scale  of  an  air  tber. 
mometer,  corrected  for  the  expansions  of  tiic 
containing  glass.  ° 

The  rcortemperature  of  boiling  mercury 
by  Dulong  and  Petit  is  662*  F. ;  the  apparent 
temperature,  measured  bymefcmyin  glass, 
loth  heated  to  the  boiling  pdnt  of  the  former, 
is  680<'.  But  the  latter  is  a  fdae  indication, 
and  Mr.  Crighton^s  compensated  number  656* 
is  very  near  the  truth.  We  may  therefore 
consider  a  well  made  mercurial  thermometer 
as  a  suffidently  just  measurer  of  temperature* 
For  its  constructiim  and  gradoatioo,  see 
Thermo  KETEB. 

2.  Of  the  distribution  of  heat. 

This  head  naturally  divides  into  two  parts ; 
first,  tlie  modes  of  distribution,  or  the  laws  of 
cooling,  and  the  communication  of  heat  among 
aeriform,  liquid,  and  solid  substances;  and, 
secondly,  tiie  specific  heats  of  difihent  bodies 
at  tiie  same  and  at  difibent  temperatures. 

The  first  views  rdative  to  tiie  laws  of  the 
communication  of  heat  are  to  be  found  in  the 
QptMcuZa  of  Newton.  This  great  philosopher 
assumes  d  priori^  that  a  heated  body  exposed 
to  a  constant  cooling  cause,  such  as  the  uni- 
form  action  of  a  current  of  air,  ought  to  lose 
at  each  instant  a  quantity  of  heat  proportiooal 
to  the  excess  of  its  temperature  above  that  of 
the  ambient  air;  and  that  oonaequently  its 
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^Ham^  ooghl  to  iaaa  m  ' 
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m  hU 
Vtmfi  im  Hon,  .pointed  ont  kny  ago  the  in- 
aecnncy  of  the  preceding  law,  whidi  Indeed 
could  not  fini  t»  attfte  any  BOMB,  ac  it  cCnck 
ne  forcibly  ifae  moment  that  I  waftdied  the 
pycaarre  cooling  of  a  ipheie  of  oil  whiek 
tied  boen  heated  to  die  500th  degree,  yet  the 
jaopoaition  has  becnpaHed  fiononesyatema* 
list  to  another  without  oantndictioD. 

£ncleben  mored,  1^  Toy  aeenmte  obeerra* 
time,  that  tbe  denatioo  of  the  an] 
■ooMKO  moK  and  more  as  we 
dcafcui^^  of  tempemtitfes;  and 

t  ve  lAioald  &U  into  fcry  great  erroa  if  we 
ended  the  law  mnch  beyond  the  tempenu 
U  has  bean  Tenfied.  YetMk 
h&  his  ingeniooa  feiearchea  on 
heat,  liaa  made  thia  law  the  basis  of  several 
I  idnch  from  that  very  caose  are 
I  as  ioaecntate  hy  Doloog  and  Petit. 
gEBdanen  have  investigatBd  Hie  trae 
hir  in  an  aUe  manner. 

WbcB  a  body  coob  in  vtteuoy  itb  heat  is 
ttttvely  dinipated  by  radiation.  When  it  is 
plnoed  in  aii^  or  in  any  other  fluid,  its  co(d- 
k^  hocomea  moR  lapid,  the  heat  camed  off 
by  the  floid  being  in  that  case  added  to  Ihat 
vhkh  is  diwipated  by  ladiation.  It  is  nan- 
nl  thgetore  to  diatmguish  these  two  effects ; 
ad  as  th^  are  salqeet  in  all  prDbabiHty  to 
hiw%  they  ought  to  be  separately 


and  Fetit  employed  in  Ais 
d  theBBometera,  whose  bolhs 
wcR  ftom  as  of  sn  inch  to  12.6;  the  Utter 
J  about  thiee  lbs.  of  mercury.  They 
L  by  pvellninsiy  trials,  that  the  raiio  of 
V  was  not  si&cted  by  the  sias  of  the 
bulb,  and  ffaaA  it  held  also  m  couiparisoaa  of 
wtth  water,  with  absolute  alcohol, 
tic  add,  throoflh  a  range  of 
00  to  30  of  ttacenti^ade 
sesle  t  so  thai  die  mio  of  the  vdocity  of  GooU 
mg  betvem  flO  snd  60b  and  40  and  90,  was 
soably  the  same.  On  cooling  water  in  a  tfai 
plaSe^  sod  in  o  gbm  sphere,,  they  found  the 
hw  of  oDoHng  to  be  more  rapid  in  the  former, 
St  tenipeiamwi  imder  the  bofliag  point ;  but 
by  a  Toy  icmarkafak  casualty,  the  oootrsry 
Act  takes  nlace  in  bodies  heated  to  high  tem. 
Matures,  when  the  law  of  codlmg  in  tin  plates 
kesmes  least  rapid.  Hence,  genersHy,  that 
wfajch  coob  by  a  most  rapid  law  al  the  lower 
part  of  the  sale,  becomes  die  least  rapid  at 
kgh  (empcntuTCB. 

**  Mb  I^alie  obtaaed  such  inaecuate.  lo. 
suits  wpoprtng  this  questian,  because  he  did 
not  make  experiments  on  the  ooolhiK  of  bodia 
aaeda  high  tempetatnics,*'  say  MM.  Dukog 
and  Pedt,  who  tetminate  their  psdiminary  re- 
sesidia  bjr  experiments  on  the  cooling  of 
water  in  tane  tin^ptoto  yessels  of  the  same 
c^ndty,  the  flat  A  which  wa  a  sphere,  the 


ahdlhiril  oyUndas; 
leam  that  the  law  of  coolnig  is  not  affected  by 
the  difference  of  shape. 

The  researcha  on  cooling  in  a  vacaum 
wem  made  with,  an  exhausted  balloon^  and 
a  compcnation  wa  calculated  for  the  mi- 
nute  quantity  of  residuary  ga.  The  {cl- 
lowing  serin  was  obtained  waai  the  balloon 
wa  surrounded  with  ia.  Tbe  degrea  am 
centigradei  * 

Excea  of  the  thenn. 
above  the  balloon. 
240» 
220 
200 
180 
160 
140 
120 
100 
80 

Tbe  Bat  column  contains  the  eneaa  of 
tempcature  above  the. walls  of  dw  balloon; 
that  iB  to  av,  tbe  tempcratuia  themselves, 
since  the  balloon  wa  at  0<>.  The  second  co- 
lumn contains  the  correspondinc  velodtia  of 
cooling,  calculated  and  conected.  These  ve- 
lodtia are  the  numben  of  def^rea  that  the 
thennometer  would  sink  in  a  minute.  The 
first  scria  shows  clearly  the  inaccuracy  of  the 
geometrical  law  of  Richmann ;  for  according 
to  that  law,  the  vdodty  of  ooolmg  at  200* 
should  be  double  of  that  at  100» ;  wheiea  we 
jBnd  it  a  ^A  to  2.3,  or  more  than  triple;  and 
in  like  manner,  when  we  compare  the  loa  of 
heat  at  240o  and  at  80«,  we  find  tbe  fiistabout 
6  times  grater  than  the  last ;  whUe,  according 
to  the  law  of  Richmann,  it  ought  to  be  merely 
triple.  FVom  the  above  and  some  analogous 
experiments,  the  following  law  ha  been  do- 
duoed:  When  a  body  caoiU  in  vacuo,  9urm 
romuted  ly  a  mediwm  tihote  temperature  is 
eomttarU^  the  velocity  ofcooHngfir  excest  of 
Umperature  in  ariihmeHcal  progretHon^  Iff- 
Cfvoie^  as  the  term*  of  a  geometrical  pro- 
greeekm^  dkniniAed  ly  a  certain  quantity^ 
Or,  expressed  in  algebraic  laoguage*  the  fd- 
lowing  equation  contains  the  law  of  cooling  in 

B  t 
vacuo :  V=:  mui  (a  —  1). 

0  ia  the  tempentnra  of  the  substance  sur- 
rounding the  vacuum ;  and  t  that  of  the  hated 
body  above  the  fonner.  The  ratio  a  of  this 
progieaion  is  eail^  found  for  the  themiomo- 
tec,  whoa  cooling  is  recorded  above ;  for  when 
^  augments  by  20*^,  t  remaining  the  same,  the 
velodty  of  oooling  is  then  multiplied  1.166, 
which  number  is  the  mean  of  all  the  ratim  ex- 
perimentally determined.    We  have  then 

20 

a  =  v^  1.166  =  1.0077- 

It  only  remains,  in  order  to  verify  the  ac- 
cniacy  oif  thia  law,  to  compare  it  with  the 
different  seric»»  contained  in  die  table  in- 
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III  tfMt  cMcv  fai  vhicii  the  mw 
M  «•,  it  It  oeonnry  to 

make  m  =  9.0879  ftr  M>  =  r^—«    and  »  ii 

rnimbar;  we  hate  then  V 


1.:^ 


=  8i»7  (a-l^ 

• 


bcmMtoftcmp. 

VahMior 

VfthiMofV 

or  value  off. 

Vobwrved. 

calculated. 

240** 

10.69 

10.68 

220 

&81 

a89 

200 

740 

7-34 

180 

OLIO 

6.03 

100 

4.89 

4.87 

140 

3.88 

3.89 

120 

3.02 

ao5 

100 

2.30 

2.33 

80 

174 

1.72 

The  laws  of  ooqUds  m  wicuo  being  known, 
nothing  is  more  simple  than  to  separate  from 
the  total  coaling  of  a  body  surrounded  with 
air,  or  with  any  other  gas,  the  portion  of  the 
effiict  due  to  the  contact  <tf  the  flaid.  Forthis, 
it  is  obviously  sufficient  to  subtract  from  the 
ical  velocities  of  cooling,  those  velocities  which 
would  take  place  if  tl^  body  ctOeris  paribus 
wen  placed  in  vacuo.  This  subtraction  may 
be  esaily  accomphshed  now  that  we  have  a 
formula,  which  lepresents  this  velocity  with 
great  predskm,  and  for  aU  possible  cases. 

From  numerous  experimental  comparisons 
the  flawing  law  was  deduced :  The  velocity 
cfeooUttg  qfa  boiy^  owing  to  the  sole  contact 
if  a  gat^  iependtfir  the  tame  excett  oftem* 
jperature,  on  the  dennty  and  temperature  of 
ihejimid;  hut  thit  dependence  Utuehy  that  the 
velocity  of  cooling  remains  the  same,  </*  the 
density  and  the  temperature  of  the  gas  change 
in  such  a  way  thai  the  elasticity  remains  con* 
ttant. 

If  we  call  P  the  ooolxng  power  of  sir 
under  the  pressure  jp,  this  power  will  become 
P  (I.S66)  under  a  pleasure  2f ;  P  (1.366)s 
under  a  pressure  4  pi  and  under  a  psesraie 

/2*  it  win  be  P  (U366}*     Hence  -^  = 

fL\^K    We  Shan  find  hi  the  same 

waJforhydrogen,:^=(€:)^M 

For  carbonic  acid,  the  exponent  wiU  be 
a5l79  and  for  olefiant  gas  0.601,  while  for 
air,  as  we  see,  it  is  0.46.  These  last  three 
numbers  difiering  little  from  0.6  or  ^,  we  may 
say  that  in  the  aeriform  bodies  to  which  they 
bdong,  the  oooliog  power  is  nearly  as  the 
square  root  of  the  elasticity.  '^  If  we  com. 
pare  the  law  whidi  we  have  thus  announced," 
say  MM.  Dulong  and  Petit,  ^^  with  the  ap- 
proximations of  Leslie  and  Dalton,  we  shall 
be  able  to  judge  of  the  cnon  into  which  they 
have  been  lod  by  the  inaccurate  suppositions 


whldi  servaaatliebMbof  all 
lioBs,  and  by  the  little  pseciikm 
the  metfaoda  whidi  tfaey  have  fcl 
fag  thase  diimiainnsi  wi 
moir  itaeu. 

The  inflnenee  of  the  name  of  the  smftee 
of  bodies  in  the  diatributioB  of  heat,  was  firat 
aoeuratdy  exanuned  by  Mr.  Leslie.  Tfata 
branch  of  the  subject  is  uMiany  called  the  la- 
diation  of  csloric.  To  measoie  ftue  amaont  of 
this  influence  with  predakn,  he  contrived  a 
peculiar  instrument,  called  a  diflfriential  thep. 
momeier.  It  consisu  of  a  glass  tnbc^  bent 
into  the  farm  of  the  letter  U,  termmaied  at  each 
end  with  a  bulb.  Tlie  bore  is  aboat  the  sixe 
of  that  of  large  thermometers,  and  the  bulba 
have  a  diameter  of  |-  of  an  inch  and  upwards. 
Before  heimeticaUy  closing  the  instmBcnt,  a 
smaU  portion  of  sulphuric  acid  tinged  with 
carmine  is  introduced.  The  adjustment  of  due 
liquid,  80  as  to  make  it  stand  «t  the  top  of  one 
or  the  stems,  uxmiediately  beh>«  the  balb>  le- 
quiics  dexterity  in  the  openuor.  To  this  stem 
a  scale  divided  into  100  parts  is  attaArH,  and 
the  instrument  ia  then  fixed  upright  b^  n  little 
cement  on  a  wooden  sol&  If  die  uDget^  at 
any  body  wanner  than  the  ambient  aie,  heap- 
plied  to  one  of  these  bulbs,  the  air  within  will 
be  heated,  and  wiU  of  couiae  expand,  and  issa- 
ing  in  part  from  the  bulb,  depress  befareitthe 
tinged  Uquor.  The  amount  of  this  dcfinssion 
observed  upon  the  scale,  wiU  denote  the  dif. 
ference  of  temperatnxe  of  the  two  balla.  But 
if  the  instrument  be  merely  carried  without 
touching  either  ball,  from  a  warmer  to  a  cooler, 
or  from  a  cooler  to  a  wanner  air,  or  medium 
of  any  kind,  itwiU  not  be  affisled;  because 
the  equality  of  contraction  or  expanaiai  in  dbe 

wilfnudntsu 
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enclosed  air  of  both  bulbs,  will  nudntsin  the 
equilibrium  of  the  liquid  in  the  stem.  Being 
thus  mdependent  of  the  ftnctaaiiooa  of  the 
sunonnding  medium,  it  is  wcH  aduvted  to 
measure  the  calorific  nmanstiwia  of  diifarent 
surfaces,  sucoenively  ounwiged,  by  a  concave 
reflector,  upon  one  of  its  bulbs.  Dr.  Howard 
haa  deacribedt  in  tlie  l<fth  numbcrofAe  Jour- 
nal of  Sdonce^  a  difoential  themomder  of 
his  contrivance,  which  he  conceives  to  possev 
some  advantages.  Its  farm  is  an  imintfinit  of 
Mr.  Les]ie*s;  but  it  contahu  merely  tinged 
alcohol,  or  ether,  the  air  being  expdlcd  by 
ebullition  previous  to  the  bermetical  doeuieof 
the  mstrument.  The  vapour  of  ether,  cr  of 
spirit  M  wKwo,  affisrda,  he  finds,  a  test  of  supe- 
rior delicscy  to  a|r.  He  makes  tiie  two  legs 
of  difierent  lengths;  suiee  it  is  in  some  esses 
very  convenient  to  have  the  one  bulb  standirg 
quite  aloof  firom  the  other.  In  Mr.  Leslie^s, 
when  they  are  on  the  same  level,  their  distance 
asunder  varies  from  4  of  an  inch  to  I  or  up- 
wards, according  to  the  use  of  the  instrument 
The  genera]  lengUi  of  the  legs  of  the  ayphon 
is  abmit  6  or  6  inches. 

His  reflecting  minors,  of  about  14  incbcs 
diameter,  consUted  of  planished   ttn*platr, 
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into  a  pwftboliol  ibnn  by  the 
gvidaoce  of  a  cnrviUneax  gauge.  A  hollow  tin 
vnd,  6  ineba  cub&»  was  the  nsual  loiiToe  of 
olorifie  fmanarkm  in  hia  expeEunenti.  fie 
carted  one  of  its  sides  with  lamp-Uackp  an. 
ether  with  paper,  a  third  with  gtua^  and  a 
iiwrth  was  left  bate.  Hafing  then  filled  it 
with  hot  water,  and  set  it  in  the  line  of  the 
axis,  and  4  or  6  feet  in  front  of  one  of  the 
mirrors,  in  whose  focus  the  bulb  of  a  different 
tiftl  thermometer  Mood^  he  noted  the  depxes- 
aon  of  the  coloured  liquid  produced  on  pre- 
KsUng  the  diffoent  sides  o{  the  cube  towards 
the  mirror  in  succession.  The  following  table 
gires  a  geoceal  view  of  the  results,  with  these, 
iod  other  coatings  :— 


Idmp-black,  . 

Water  by  estimate, 

Writing  paper, 

Rotin,     . 

Sealing  wax,    . 

Clown  glass, 

China  ink. 

Ice,        7       . 

Bed  lead. 

Plumbago, 

lainghws. 

Tarnished  lead, 

^fercury, 

Clesnlead, 

Iron  poUshed,  . 

Tin-plale, 

Gold,  Sa?er,  Copper, 


too 

lOO-h 
98 
96 
95 
90 
88 
85 
80 
75 
75 
45 
20+ 
19 
15 
12 
12 


Simaar  xesulto  were  obtained  by  Leslie  and 
Bum&rd  in  a  simpler  form.  Vessels  of  similar 
"bapcs  and  capacities,  but  of  different  materials, 
vere  filled  with  hot  liquids,  and  thenr  rates  of 
K&igeiadoo  noted.  A  blackened  tin  globe 
cooU  a  certain  number  of  degrees  in  81  mi. 
Botes  ;  while  a  bright  one  took  nearly  double 
the  time,  or  156  minutes ;  a  naked  brass  qr- 
fioder  in  55  minutes  cooled  ten  degrees,  while 
its  fellow,  cased  in  linen,  was  38}  minutes  in 
cooling  the  same  qnantity.  If  rapid  motions 
be  excited  Sn  the  air,  die  diflTerence  of  cooling 
between  bright  and  dark  metallic  surfaces  be- 
noes  less  manifest.  Mr.  Lieslie  estimates  the 
diminution  of  effect  from  a  radiating  surface  to 
be  directly  as  its  distance,  so  that  double  the 
(iiMaoee  gives  one.half,  and  treble  one-third  of 
^primitiye  heating  impression  on  thermome- 
tn  and  other  bocUes.  Some  of  his  experi- 
iDcoti  do  not  seem  in  accordance  with  this 
nmple  law.  One  would  have  expected  oer. 
tainly,  that,  like  light,  electricity,  and  other 
qualities  emanating  f|tnn  a  centre,  its  diminu- 
tion of  intensity  would  have  been  as  the  square 
of  the  distance ;  and  particularly  as  Mr.  Leslie 
found  the  usual  analogy  of  the  sine  of  inclina- 
tion to  hold,  in  presenting  the  faces  of  the  cube 
to  the  plane  <fl  the  mirror  under  different  an- 
gles of  obliquity. 

Some  practical  lessons  flow  £rom  the  prc- 


eadhig  remits.  SInee  bri^t  meials  pNjeee 
heat  most  leebly,  vessels  which  are  intended  to 
retain  their  heat,  as  tea  and  cofiee-pota,  ahoold 
be  made  of  bright  and  polished  metals.  Steam 
pipes  intended  to  convey  heat  -to  a  distant 
apartment,  should  be  likewise  bright  in  their 
course,  but  darkened  when  th^  reach  their 
destination. 

By  coating  the  bulb  of  his  thermometer 
with  different  substances,  Mr.  Leslie  inge* 
niously  discovered  the  power  of  different  sur« 
faces  to  absorb  heat ;  and  he  found  this  to  fol« 
low  the  same  order  as  the  radiating  or  project* 
ing  quality.  The  some  film  of  silver  leaf  which 
obstrucu  the  egilss  of  heat  from  a  body  to 
tbose  surroundhig  it,  prevents  it  from  receiving 
thtir  calorific  emanations  in  return.  On  this 
principle  we  can  understand  how  a  metallic 
mirror,  placed  before  a  fire,  should  scorch  sub- 
stances m  its  focus,  while  itself  remains  cold; 
and,  on  the  other  hand,  how  a  mirror  of  dark- 
ened or  even  of  silvered  glass,  should  become 
intolerably  hot  to  the  touch  while  it  throws 
little  heat  before  it  From  this  absorbent 
faculty  it  comes  that  a  thin  pane  of  glass  in- 
tercepts almost  the  whole  heat  of  a  bkzing 
fire,  while  the  light  is  scarcely  diminished 
across  it  By  degrees  indeed,  itself  becoming 
healed,  constitutes  a  new  focus  of  emanation, 
but  still  the  energy  of  the  fire  is  greatly  inter- 
rupted. Hence  also  we  see  why  the  thinnest 
sheet  of  bright  tin-foil  is  a  perfect  fire  screen  ; 
so  impervious  indeed  to  neat,  that  with  a 
masque  coated  with  it,  our  face  may  encounter 
without  inconvenience  the  blaze  of  a  glass- 
house furnace. 

Since  absorption  of  heat  goes  hand  in  hand 
with  radiation  in  the  above  table,  we  percefve 
that  the  inverse  of  absorption,  that  is  reflec- 
tion, must  be  possessed  in  inverse  powers  by 
the  different  substances  composing  the  list. 
Thus  bright  metals  reflect  most  h&it,  and  so 
on  upwards  hi  succession. 

Mr.  Leslie  is  anxious  to  prove  that  clastic 
fluids,  by  their  pulsatory  undulations,  arc  tlie 
media  of  the  projection  or  radiation  of  heat ; 
and  that  therefore  liquids,  as  wcU  as  a  perfect 
vacuum,  should  obstruct  the  operation  of  thia 
&culty.  The  laws  of  the  cooling  of  bodies  in 
va&uo,  experimentally  established  by  MM. 
Dulong  and  Petit,  are  fatal  to  Mr.  Leslie^s 
hypothesis,  which  indeed  was  not  tenable 
against  the  numerous  objections  which  had 
previously  assailed  it.  The  following  beautiful 
experiment  of  Su:  H.  Davy  seems  alone  to 
settle  the  question.  He  had  an  apparatus 
made,  by  which  platina  wire  could  be  heated 
in  any  elastic  milium  or  in  vacuo  ;  and  by 
which  the  effects  of  radiation  could  be  dis- 
tinctly exhibited  by  two  mirrors,  tlie  heat 
being  excited  by  a  voltaic  battery.  In  several 
experiments,  in  which  the  same  powers  were 
employed  to  produce  the  ignition,  it  was  found 
that  the  temperature  of  a  thermometer  rose 
nearly  three  times  as  much  in  the  focus  of 
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I  ns  Mv  n  uK  nodfcr  ww  ex- 
ImiflBdto-i^M  wbm  It  was  In  its  natnnl 
Hate  of  eoodoiaatioB.  Tlie  Moling  powov  bjr 
OMMact  of  the  mefied  air,  was  mndi  less  tliao 
dutt  of  the  air  IB  iia  eooDiDOo  slate,  Ibr  the  glow 
of  the  pladna  was  move  intense  in  the  fiiat 
esse  than  in  the  hMt;  and  this  qgnnnstance 
pcdiaps  lendcn  the  eiperiment  not  altogether 
decisive ;  hot  the  icsnlts  seem  fiiTomable  to  the 
idea,  that  the  tenestiial  ladiation  of  heat  is  not 
dependent  upon  anj  motions  or  affections  of 
the  atmoaphcre.  lAie  plane  of  the  two  mintn 
was  placed  panDd  to  the  horison,  the  ignited 
body  bdng  in  the  focos  of  die  upper,  and  the 
thetmometer  in  tliat  of  the  under  minor*  It 
is  eiidcnt  that  a  diminished  dcnsitj  of  the 
dastic  medium,  amounting  to^,  should,  on 
Mr.  Leslie's  views,  have  oecasioned  a  greatly 
«HmfaiA»«i  tempemtnie  in  the  inleiior  focus, 
and  not  a  tfareeftdd  mcrease,  ss  happened; 
mafcitig  evoy  aUowanee  for  the  diminished 
intensity  of  glow  resulting  ftom  the  cooling 
power  of  atmospheric  air.  The  ezncriments 
widi  screens  of  glass,  paper,  &c.  which  Mr. 
LesUe  sdduoed  in  support  of  his  undulatory 
hypothesis,  have  been  since  confronted  with 
the  experiments  on  screens  of  Dr.  Ddarociie, 
who,  by  varying  them,  obtained  results  incom- 
padble  with  Mr.  Ledie's  views,  and  fitvouraUe 
to  those  on  the  intimate  connexion  between 
light  and  heat,  with  which  our  account  of  heat 
was  prefaced.  He  ihows  that  invisible  radiant 
heat,  in  some  circumstances,  passes  directly 
throng  giMS,  in  a  quantity  no  much  greater 
relative  to  the  whob  radiation,  as  the  tempe- 
ratnie  of  the  source  of  heat  is  more  devated. 
The  following  table  shows  the  ratio  between 
the  rays  passing  through  dear  glass,  and  the 
lays  acting  on  the  thermometer,  when  noscnen 
wasinter^sed,  at  snooessive  temperatures. 


IUJitImntmi^ 

Total 

ofthehotbodr 

in  the  fociif. 

glais  screen. 

367» 

lO* 

2e3» 

655 

10 

139 

8oa 

10 

75 

17W 

10 

34 

Argand^s  lamp 

without 

its  chhnney. 

10 

29 

IMtto,  with  ^ 

achim- 

ney. 

10 

18 

He  next  shows  that  the  cslotific  rays  which 
hare  already  passed  through  a  screen  of  ghus, 
experience,  in  passing  through  a  second  glass 
screen  of  a  similsr  nature,  a  much  smaller  di- 
minution of  their  intensity  than  they  did  in 
passbg  throuril  the  first  screen ;  and  that  the 
rays  onitted  bv  a  hot  body  differ  from  each 
other  in  their  nculty  to  pass  through  glass : 
that  a  thick  ghss,  though  as  much  sa,  or  more 
permeable  to  light,  than  a  thin  ^ass  of  worse 
quality,  allows  a  mudi  smaller  quantity  of 
radiant  heat  to  pass,  the  diflVrenoe  being  so 
Budi  the  less  the  higher  the  temperature  of 


die  radiating  souree.  IWs  ouioQa  Act,  that 
radiating  heat  becomes  moie  and  more  capable 
of  penetrating  ^ass,  as  the  tempcsature  in. 
creases,  till  at  a  certain  temperature  the  rays 
become  Inminoaa,  leads  to  the  notion  that  hait 
is  nothing  dsethsn  a  modificatioB  of  light,  or 
that  die  two  substances  are  capable  of  passing 
into  eadi  other.    Dr.  Ddarocfae*s  Isst  pro- 


nodtion  is,  that  the  quantity  of  heat  whidi  a 
hot  body  yidds  in  a  given  time  by  rsdiation 
to  a  cold  body  situated  at  adistance,  incseases 
erterit  paribus  in  a  greater  ratio  than  the  ex. 
cess  of  temperature  of  the  first  body  above  the 


For  some  additional  fads  on  radiation,  see 
Light,  to  whidi  subject,  indeed,  the  whole 
discussion  probably  belongs. 

Even  ice  at  32^,  which  i^ypean  so  oold  totiie 
organs  of  touch,  would  become  a  focus  of  heat 
if  tnmsported  into  a  chamber  where  the  tem- 
perature of  the  air  was  at  O^F.;  and  m  man  of 
mdting  ice  placed  before  the  mirror,  woold 
affect  Uie  bulb  of  the  thermometer,  just  aa  die 
cube  of  heated  water  did.  A  mixtore  of  anew 
and  salt  at  0*,  would  in  like  manner  beoosne  s 
warm  body  when  canied  into  an  atmosphov 
at — 40*.  Inalldiis,a8wdl8saioarscma- 
tioDs,  we  see  nothing  absolute,  nothing  but 
mere  difi&rences.  We  are  thus  led  to  consider 
all  bodies  as  projecting  heat  at  every  tempe> 
rature,  but  with  unequal  intensities*  aeoording 
to  their  natnrei  their  sur&oes,  and  tfadr  tem- 
perature. The  constancy  or  steadineas  of  the 
temperature  of  a  body  wiH  oondat  in  the 
eo  uaUty  of  the  quantities  of  radiating  caloric 
which  it  emits  and  lecdves  in  an  equal  time ; 
and  the  equality  of  temperature  between  severd 
bodies  which  influence  one  anotfier  by  tlieir 
mutual  radiation,  will  consist  in  the  perfect 
compensation  of  the  momentaiy  interehaogea 
effected  among  one  and  aO.  Such  is  the  in- 
genbus  prindple  of  a  moveable  equilibrium, 
proposed  by  Pmfossor  Prevost ;  a  pHcindple 
whose  application,  directed  with  discrelioa,  and 
combined  with  the  properties  peculiar  to  differ- 
ent surfaces,  explains  all  die  phenomena 
whidi  we  observe  in  the  distribution  of  ra- 
diating csloric.  Thus,  when  we  put  a  ball  of 
snow  in  the  fbcus  of  one  concave  mirror,  and  a 
thermometer  in  duit  of  an  opposite  mirror 
placed  at  some  distance,  we  percdve  the  tem- 
perature instandy  to  fall,  as  if  there  were  a 
real  rsdiation  of  frigorific  partides,  according 
to  the  andent  notiim.  Tlie  tnie  explaoation 
Is  derived  from  the  abstraction  of  tlat  return 
of  heat  whidi  the  thermoscope  mirror  had  pre- 
viously derived  from  the  one  now  influenced  by 
the  snow,  and  now  participating  in  its  infcriar 
radiating  tension.  Thus,  also,  a  blade  body 
placed  in  the  focus  of  one  mirror,  would  di- 
minish the  light  in  the  focos  of  the  other: 
and,  as  Sir  H.  Davy  happily  remarks,  the  tje 
is,  to  the  ra3r8  producing  Vght,  a  meatttre, 
sinulor  to  that  which  the  tfaermomeCer  is  to 
rays  produdng  heat 
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nOt  fmoAaogd  of  heal  Is  ftMily  cxenpti. 
fld  in  thefdatkm  which  suhnsts  hctwem  any 
poniOD  of  te  sky  and  the  tonpetBture  of  the 
•ibjacent  saxfiaoe  of  the  offth.  In  the  yar 
1788,  Mr.  Six  of  Caninbiixy  mentioiied,  in  a 
papct  tmnsmitted  to  the  Boyal  Sodety,  that 
QB  dear  and  dewy  nights  he  always  found 
tile  mcKaz^  lower  in  a  theimometer  laid  upon 
die  gnmno,  in  a  meadow  in  his  ndghboui^ 
bood^  dian  it  was  in  a  linular  thennometer 
aispoidcd  in  the  air  6  feet  above  the  Ibnner  ; 
aadthat  upon  onenigfatthe  difieienee  amounted 
iDMof  Fahicnheit'a  scale.  And  Dr.  Wells, 
insutnmn  1811,  cbdi  laying  a  thennometer  upon 
giSM  wet  with  dew,  and  to^ieoding  a  second 
in  the  air  two  feet  above  tfie  surface,  found  in 
an  boqr  aflerwaide,  diat  the  fonner  stood  8^ 
lower  than  ibe  latter.  He  at  first  regarded 
diis  coldnegi  of  the  surface  to  be  the  effect 
of  the  evapentioD  of  the  moistuTe,  hut  snb- 
seqne&t  observations  and  experiments  con- 
vinced hini,  dist  the  cold  was  not  the  effect 
bat  the  cmue  of  deposition  of  dew.  Under  a 
doadlen  sky,  the  earth  projects  its  heat 
without  leoun,  into  empty  space ;  but  a  ca- 
nopy of  doad  is  a  concave  minor,  which  le- 
atoRS  the  oquilibrinm  by  counter-ndiation. 
SeeDKW. 

On  this  principle  Dr.  WoUaston  suggested 
dieeoBstniction  of  a  pretty  instrument,  which 
Leslie  has  called  an  ^thrioscope, 
action  it  is,  to  denote  the  clearness 
of  the  sky.  It  consists  of  a  po- 
lidied  notallie  cop,  of  an  oblong  spheroidal 
ibpe,  very  like  a  silver  porter-cup,  standing 
iipnf^  with  Ae  bulb  of  a  diffisrential  thcr- 
nsmets^boed  in  its  axis,  and  the  stem  lying 
pnaOd  to  the  stalk  of  the  cup.  The  odier 
hn  is  git,  ahd  turned  outwards  and  upwsrds, 
SB  as  to  lest  i^ainst  the  side  of  the  vessel. 
Ilie  best  fonn  of  the  cup  is  an  ellipsaid,  whose 
eBOBOtridty  is  equal  tohalf  thetiansvene  axis, 
asl  the  focus  consequently  placed  at  the  third 
pert  of  the  whole  height  of  tbe  cavity; 
vbtle  die  diameter  of  the  thermosoope  ball 
dioald  be  oeariy  the  thhd  part  of  the  orifice 
of  the  cop.  A  lid  ofthe  same  thin  metal  un- 
pnii^iift^^  JB  fitted  to  the  mouth  of  the  cup, 
nd  lanoved  only  idien  an  observation  is  to 
ke  nsde.  The  scale  attached  to  the  stem  of 
4e  tfaeRDOseope,  may  extend  to  60  or  70 
ainrsimal  dqsNes  above  the  sero,  and  about 
U  degrees  bdow  it 

This  instmment,  exposed  to  the  open  air  in 
dsarweadier,  willat  aU  times,  both  during  the 
^sndtbe  ni^t,  *'*  indicate  an  impression  of 
eoUshot  downward  from  the  higher  regions,** 
ID  the  figmaCive  language  of  Mr.  Leslie.  Yet 
the  dfeet  taiies  exceedingly.  It  k  greatest 
while  tlw  sky  hat  the  pure  aaure  hue ;  it  di- 
oiniriies  fist  asihe  atmosphere  becomes  loaded 
withspieadingdoods;  and  it  is  slmost  extin- 
niiiiedwhen  low  fbgs  settle  on  the  surface. 
Tkm  liqvid  in  the  stem  fiJOs  and  rises  with 
doud.    Dr.  Howard*s  modifi- 


cation of  the  diemoaeope  would  answer  weU 
here. 

The  diffusion  of  heat  among  the  particles  of 
fluids  ihemtelvetj  depends  upon  their  specific 
gravity  and  spedflc  heat  conjunctly,  and  there- 
fore must  vary  for  eadi  partiailar  substance. 
The  mobility  of  the  partides  in  a  fluid,  and 
their  reciprocal  independence  on  one  another, 
permit  them  to  dumge  their  places  whenever 
they  are  eipanded  or  oontxacted  by  alternations 
of  temperature ;  and  hence  the  imm^in^f>  gQ^ 
inevitable  effect  of  oonununicating  heat  to  the 
under  stratum  of  a  fluid  mass,  or  of  abstracting 
it  from  the  upper  stratum,  is  to  determine  a 
series  of  intestine  movements.  The  colder 
psrtides,  by  their  superior  density,  descend 
in  a  perpetual  current,  and  force  upwards  those 
rarefied  by  the  beat.  When,  however,  the 
upper  stratum  prifnaft^  acquires  an  elevated 
temperature,  it  seems  to  have  little  power  of 
imparting  heat  to  the  subjacent  strata  of  fluid 
particles.  Water  may  be  kept  long  in  ebul- 
lidon  at  the  surface  of  a  vessel,  while  the 
bottom  remains  ice  cold,  provided  we  take 
measures  to  nrevent  the  hcmt  passing  down« 
wards  through  the  sides  of  the  vesul  itself. 
Count  Rumlbrd  became  so  strongly  persuaded 
of  the  impossibility  of  communicating  heat 
downwards  through  fluid  partides,  that  he  re- 
garded them  as  utterly  destitute  of  the  ftculty 
of  transmitting  that  power  flrom  one  to  another, 
and  capable  ofacquinngheat  onlv  in  individual 
rotation,  and  direcdy  ficom  a  foreign  source. 
The  proposition  thus  absolutely  announced  is 
absurd,  for  we  know  that  by  intermixture,  and 
many  other  modes,  fluid  putides  impart  heat 
to  each  other ;  and  experiments  have  been  in- 
stimted,  which  prove  the  actual  descent  of  heat 
through  fluids  by  communication  from  one 
stratum  to  another.  But  unouestionably  this 
communication  is  amazingly  difficult  and  slow. 
We  are  hence  led  to  conceive,  that  it  is  an 
actual  contact  of  partides,  which  in  the  solid 
condition  facilitates  the  transmission  of  heat  so 
speedily  firom  point  to  point  tlirouch  their  mass. 
This  contact  Of  certain  poles  in  the  molecules, 
is  perfecdy  consistent  with  void  spaces,  in 
which  these  molecules  may  slide  over  each 
other  in  every  direcdon ;  by  whidi  movements 
or  condensations  heat  may  be  exdted.  The 
fluid  omdition  revert*  or  averU  the  touching 
and  cohering  poles,  whence  mobflity  results. 
This  statement  may  be  viewed  either  as  a  re- 
presentation of  facts,  or  sn  hypothesis  to  aid 
conception. 

Since  the  diffusion  of  heat  through  a  fluid 
mass  is  accomplished  almost  solely  by  the  in- 
testine  currents,  whatever  obstructs  these  must 
obstruct  the  change  of  temperature.  Hence 
fluids  intermingled  with  porous  matter,  such  as 
silk,  wool,  cotton,  downs,  fur,  hair,  starch, 
mucilage,  &c.  are  more  slowly  cooled  than  in 
their  pure  and  limpid  state.  Hence  apple- 
tarts  and  pottages  retain  their  heat  very  long, 
in  comparison  of  the   same  bulk  of  water 
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heated  to  the  »ame  degree,  and  exposed  in 
siinOar  oovered  vesseb  to  tfie  oool  air.  Of 
the  oondttcting  power  of  gaseous  bodies,  we 
have  already  taken  a  view.  I  know  of  no 
experiments  which  have  satisfactorflj  deter- 
mined in  nnmbers  the  relative  conducting 
power  of  liquids.  Mercury  for  a  liquid  pos- 
sesses a  high  conducting  faculty,  due  to  its 
density  and  metallic  nature,  and  small  specific 
heat. 

The  transmission  of  heat  through  solids  was 
made  the  subject  of  some  pleasing  popular  ex- 
periments by  Dr.  Ingennausz.  He  took  a 
number  of  metallic  xwta  of  the  same  lengdi 
and  thickness,  and  having  coated  one  of  the 
ends  of  them  for  a  few  indies  with  bees*  wax, 
he  plunged  their  other  ends  irito  a  heated 
liquid.  The  heat  travelled  onwards  along 
the  matter  of  each  rod,  and  soon  became  mani- 
lest  by  the  softening  of  the  wax.  The  follow, 
ing  is  the  order  in  which  the  wax  melted; 
and  according  to  that  experiment,  therefore* 
the  order  of  conducting  power  relative  to 
heaL 

1.  SOver. 

2.  Gold. 


much  inftnor  to 
the  others. 


Platinum, 

Iron, 

Steel, 

Lead, 

In  my  repetition  of  the  experiment,  I  found 
silver  by  much  the  best  conductor,  next  cop- 
per, then  brass,  iron,  tin,  much  the  same, 
then  cast  iron,  next  zinc,  and  last  of  all,  lead. 
'  Dense  stones  follow  metals  in  conducting 
power,  then  bricks,  pottery,  and  at  a  long 
interval,  glass.  A  rod  of  this  singular  body 
may  be  held  in  the  fingers  for  a  long  time, 
at  a  distance  of  an  inch  ftom  where  it  is 
ignited  and  fused  by  the  blowpipe.  It  is 
owing  to  the  uiferior  conducting  power  of 
stone,  pottery,  glass,  and  cast  iron,  that  the 
sudden  appUcation  of  heat  so  readily  cracks 
them.  The  part  acted  on  by  the  caloric  ex- 
pands, while  the  adjacent  parts,  retaining  their 
pristine  form  and  volume,  do  not  accommodate 
themselves  to  the  change;  whence  a  fissure 
must  necessarily  ensue.  Woods  and  bones 
are  better  conductors  than  glass ;  but  the  pro- 
gress of  heat  in  them  at  elevated  temperatures, 
may  be  aided  by  the  vaporization  of  their 
juices.  Charcoal  and  saw-dust  rank  very  low 
in  conducting  power.  Hence  the  former  is 
admirably  fitted  for  arresting  the  dispersion  of 
heat  in  metal  furnaces.  If  the  sides  of  these 
be  formed  of  double  plates,  with  an  interval 
between  them  of  an  inch  filled  with  pounded 
charcoal,  an  intense  heat  may  exist  within, 
wbUe  the  outside  is  scarcely  affected.  Morveau 
has  rated  the  conducting  power  of  charcoal  to 
that  of  fine  sand,  as  2  to  3,  a  difference  much 
too  small.  Spongy  organic  substances,  sflk, 
wool,  cotton,  Slc  are  still  worse  conductors 


than  any  of  the  above  sabatancet;  and  the 
finer  the  fibres,  the  less  conducting  power  th^ 
possess.  The  theory  of  dothing  oepends  on 
thb  prindple.  The  heat  generated  by  the 
animal  powers,  is  accumulated  roond  the 
body  by  the  imperfect  conducton  of  which 
clothing  b  composed. 

To  discover  the  exact  law  of  the  ^Bstribo* 
tion  of  heat  in  solids,  let  us  take  a  prismatic 
bar  of  inm,  three  feet  long,  and  win  a  drill 
form  three  cavities  in  one  of  its  sides,  at  10, 
20,  and  SO  indies  from  its  end,  eadi  cavity 
capable  of  receiving  a  little  mercury,  and  the 
small  bulb  of  a  ddicate  thermometer.  Cat 
a  hole  fitting  exactly  the  prismatic  bar,  in  die 
middle  of  a  sheet  of  tin-plate,  wtddt  is  dicn 
to  be  fixed  to  the  bar,  to  screen  it  and  the 
thermometers  from  the  focus  of  heat.  Im- 
merse the  extremity  of  the  bar  oUiqody  iato 
oil  or  mercury  heated  to  any  known  degree, 
and  place  the  thermometers  to  their  cavida 
surrounded  with  a  little  mercury.  Or  the 
bar  may  be  kept  horizontal,  if  an  iaaA  or  two 
at  its  end  be  incnrvated,  at  li^t  an^cs  to  its 
length.  Call  the  thermometen  A,  B,  C. 
Were  there  no  dissipation  of  the  heat,  each 
thermometer  would  continue  to  motmt  till  it 
attained  the  temperature  of  the  source  of  heat. 
But,  in  actual  experiments,  projectfoa  and 
aerial  currents  modify  that  result,  making  the 
thermometers  rise  more  slowiy,  and  prevat- 
ing  them  from  ever  reaching  the  tempoatore 
of  the  end  of  the  bar.  Thdr  state  becomes 
indeed  stationary  ivhenever  the  excess  of  tem- 
perature, each  instant  oommunicated  by  the 
preceding  section  of  the  bar,  merely  compen- 
sates what  they  lose  by  the  contact  of  the 
succeeding  section  of  the  bar,  and  the  other 
outlets  of  heat  The  three  thcrmosnelers  now 
indicate  three  steady  tempesatnres,  bat  in 
diminishing  progresdon.  In  fonning  an  eqiia- 
tion  from  the  experiments!  results,  M.  La- 
phux  has  shown,  that  the  difficoltiea  of  the 
calculation  can  be  removed  only  by  admitting, 
that  a  determinate  point  is  infiaenced  not  only 
by  those  pomts  which  touch  it,  but  by  others 
at  a  small  distance  before  and  bdiind  it.  Then 
the  laws  of  homogeneity,  to  which  dtflerentiala 
are  subject,  are  le-estahliahed,  aad  all  the 
rules  of  the  dificnntial  calenltts  are  observed. 
Now,  in  order  (hat  the  calorific  infineoee  may 
thus  extend  to  a  distance  in  the  interior  of  the 
bar,  there  must  operate  through  the  very  soU 
stance  of  the  soli^- dements  a  true  radiation, 
analogous  to  that  observed  hi  ait,  bat  whose 
sensiUe  infiuence  is  bounded  to  distances  in- 
comparably smaller.  This  lesoH  ia  in  no 
respect  improbable.  In  fact,  Newton  has 
taught  us,  ihat  aU  bodies,  evai  die  most 
opaque,  become  transparent  when  zendeved 
suflidently  thin ;  and  tl^  moat  exact  reaeaicfaes 
on  radiating  caloric  prove,  that  it  does  not 
emanate  soldy  fium  the  external  saiftoe  of 
bodies,  butalso  fiom  material  paztieles  situated 
within  this  surfaee,  becoming  no  doubt  insen- 
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mUb  «i  a  ^raj  iHglit  depth,  which  probably 

Tvics  in  the  same  body  with  its  tempetature. 

31iVI.  Biot,  Foixxier^  and  Poinon,  three  of 

tlie  most  eminent  mathematicians  and  philo- 

2phcn  of  the  age,  have  distinguished  them- 
Tes  in  thb  abtruae  investigation.  The  fol- 
lowing  is  the  formuki  of  M.  Blot,  when  one 
ad  of  the  bar  is  maintained  at  a  constant 
temperature,  and  the  other  is  so  remote  as  to 
make  the  influence  of  the  source  insensible. 
Let  $f  represent,  in  degrees  of  the  thermo- 
meter, the  temperature  of  the  air  bj  which 
the  bar  is  surrounded;  let  the  temperature 
of  the  focus  be  y  -f-  Y ;  then  the  integral 


lieeomes,    log.  y  =  log.  Y 


""    Us/  «. 


« is  the  distance  fiom  the  hot  end  of  the  bar, 

a  and  6  aie  two  oodflidents,  supposed  constant 

for   the  whole  lo^h  of  the  bar,  which  serve 

to  accommodate  the  formula  to  every  possible 

caae,  and  which  must  be  assigned  in  each  case, 

ag;reeably  to  two  observations.    M  is  the  mo- 

duliu  of  the  ordinary  logarithmic  tables,  or 

the   number  3^302685.     M.   Biot    presents 

sereial  tables  of  observations,  in  which  some- 

tiDoea  8,  and  sometimes    14    thermometers, 

woe  applied  all  at  once  to  successive  points 

of  lbs  bar;    and  then  he  computes  by  the 

above  ibnnnla  what  ou^t  to  be  the  tempera- 

nire  of  these  successive  pouts,  having  given 

the  temperature  of  the  source ;  and  vice  versa^ 

what  should  be  the  temperature  of  the  source, 

hoBk  the  indications  cf  the  thermometers.    A 

perfect  accordance  is  shown  to  exist  between 

fret  and  theory.    Whence  we  may  regard  the 

view  opened  up  by  the  latter,  as  a  true  repre- 

sntatioo  of  the  condition  of  the  bar.     With 

R^ud  to  the  application  of  this  theorem,  to 

dvcover,  for  example,  the  temperature  of  a 

iomace,  by  thrusting  the  end  of  a  thermosoopie 

inm  bar  into  it,  we  must  regret  its  insuffi- 

deocy.    M.  Biot  himself,  after  showing  iu 

exact  ooinddence  at  all  temperatures,  up  to 

that  of  melting  lead,  dedares  that  it  ought  not 

to  apply  at  high  beats.    But  I  see  no  diffi. 

culty  in  making  a  very  useful  instrument  of 

this  kind,  by  experiment^  to  give  very  valuable 

pymmetrical  indications.    The  end  of  the  bar 

wfaieh  is  to  be  exposed   to  the  heat,  being 

coated  with  fire-day,  or  sheathed  with  pla- 

tinam,  should  be  inserted  a  few  inches  into 

the  fiaroe,  and  drops  of  oil  being  put  into  three 

amessive  cavities  of  the  bsr,  we  should  mea- 

Mixe  the  temperatures  of  the  oil,  when  they 

hs«e  become  stationary,  and  note  the  time 

dmsed  to  ]Moduce  this  effect    A  pyioscope 

of  this  kind  could  not  fail  to  give  useful 

information  ~  to     the   practical   chemist,    as 

wdl  as  to  manu&cturers  of  ghiss,  pottery, 

stcd,&c. 

2.  OfepecificheaL—K'tre  take  equsl  weights, 
or  equal  bulks,  of  a  scries  of  substances  ;  for 
example,  a  pound  or  a  pint  of  water,  oil,  al- 
cohol, mercury,  and  having  heated  each,  scpa- 


ratdy  in  a  thin  vessel,  to  the  same  tempera^ 
ture,  say  to  80^  or  lOO**  Fahr.  from  an  atmo- 
sphexiciJ  temperature  of  60®,  then  m  the  sub. 
sequent  cooling  of  these  four  bodies  to  their 
former  state,  they  wiU  communicate  to  sur- 
rounding media  very  different  quandties  of 
heat.  And  conve&»dy,  the  quantity  of  heat 
requisite  to  raise  the  temperature  of  equal 
masses  of  different  bodies  an  equsl  numba  of 
thermometric  degrees,  is  different,  but  spedfic 
for  each  body.  There  is  another  point  of  view 
in  which  spedfic  heats  of  bodies  may  be  consi- 
dered relative  to  their  diange  of  fbrm,  from 
gaseous  to  liquid,  and  from  liquid  to  solid. 
Thus  the  steam  of  water  at  2 12«,  in  becoming  \ 
a  liquid,  does  not  change  its  thermometric 
temperature  212^,  yet  it  conmiunicates,  by 
this  change,  a  vast  quantity  of  heat  to  sur. 
rounding  bodies  ;  and,  in  like  manner,  liquid 
water  at  32*,  in  becoming  the  solid  called  ice, 
docs  not  change  its  temperature  as  measured 
by  a  thermometer,  yet  it  imparts  much  heat 
to  surrounding  matter.  We  therefore  divide 
the  study  of  specific  heats  into  two  branches : 
1.  The  spedfic  heats  of  bodies  while  they  re- 
tain the  same  state ;  and  2.  The  specific  heats, 
connected  with,  or  devdoped  by,  change  of 
state.  The  first  has  been  commonly  oiled 
the  capacities  of  bodies  for  caloric  ;  the  fecond, 
the  latent  heat  of  bodies.  The  latter  we  shall 
consider  afler  change  of  ttaie, 

1.  Of  the  specific  heats  of  bodies,  while  tliey 
experience  no  change  of  state. 

lliree  distinct  experimental  modes  have 
been  employed  to  determine  the  specific  heata 
of  bodies :  in  the  whole  of  which  modes,  that 
of  water  has  been  adopted  for  the  standard  of 
comparison  or  unity.  1.  In  the  first  mode, 
a  given  wdght  or  bulk  of  the  body  to  be  ex- 
amined, being  heated  U)  a  certain  point,  is 
suddenly  mixed  with  a  given  weight  or  bulk 
of  another  body,  at  a  different  temperature ; 
and  the  resulting  temperature  of  the  mixture 
shows  the  relation  between  tlieir  spedfic  heats. 
Hence,  if  the  second  body  be  water,  or  any 
other  substance  whose  relation  to  water  is  as- 
certained, the  rdative  heat  of  the  first  to  that 
of  water  will  be  known.  It  is  an  essential 
precaution  in  using  this  mode,  to  avoid  all 
such  chemical  action  as  happens  in  mixing 
water  with  alcohol  or  adds.  Let  us  take  oS 
for  an  example.  If  a  pound  of  it,  at  90* 
Fahr.  be  mixed  with  a  pound  of  water  at  60°; 
the  resulting  temperature  will  not  be  the  mean 
760,  but  only  70".  And  conversely,  if  we 
mix  a  pound  of  water  heated  to  90®,  with  a 
pound  of  oil  at  60®,  the  temperature  of  the 
mixture  will  be  80*.  We  see  here,  that  the 
water  in  the  first  case  acquired  10®,  while  the 
oil  lost  20** ;  and  in  the  second  case,  that  the 
water  lost  10°,  while  die  oil  gained  20». 
Hence  we  say,  that  the  spedfic  heat  of  water 
is  double  to  that  of  oil,  or  that  the  same  quan- 
tity or  intensity  of  heat  which  will  change  the 
temperature  of  oil   20*,  will  change  that  of 
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water  only  lO^ ;  and  therefore,  if  the  tpecific 
heat,  or  capacity  for  heat,  of  water  be  called 
1.000,  that  of  oil  will  be  0.500.  When  the 
experiment  has  been,  from  particular  circum- 
stances, made  with  uDe<^ual  weights,  the  ob- 
yious  arithmetical  reduction,  for  Uie  difference, 
must  be  made.  This  is  the  original  method 
of  Black,  Irrioe,  and  Crawford. 

The  tecond  mode  is  in  some  respects  a  mo- 
dification of  the  first.    The  heated  mass  of 
the  matter  to  be  investigated,  is  so  surrounded 
by  a  lar^e  quantity  of  the  standard  substance 
St  an  interior  temperature,  that  the  whole  heat 
-    ^     evolved  by  the  firat,  in  cooling,  is  received  by 
^  ^     the  second.     We  may  refer  to  this  mode,  1st, 
Wilcke's  practice  of  suspending  a  lump  of 
heated  metal  in  the  centre  of  a  mass  of  cold 
water  contained  in  a  tin  vessel :  2d,  The  plan 
of  Lavoisier  and  Laplace,  in  which  a  heated 
*  mass  of  matter  was  placed  by  means  of  their 

deffsnt  Calorimeter,  in  the  centre  of  a 
shdU  of  ice ;  and  the  specific  heat  was  inferred 
from  the  quantity  of  ice  that  was  liquefied: 
And  Sd,  The  method  of  Berard  and  Dehuoche, 
in  which  gaseous  matter,  heated  to  a  known 
temperature,  was  made  to  traverse,  slowly  and 
uniformly,  the  convolutions  of  a  spiral  pipe, 
fixed  in  a  cylinder  of  cool  water,  tiH  this  water 
rose  to  a  stationary  temperature;  when, 
**  reckoning  from  this  pomt,  the  excess  of  the 
tempeature  of  the  cylmder  above  ^t  of  the 
ambient  air,  becomes  proportional  to  the  qnan- 
'tity  of  heat  given  out  by  the  current  of  gas 
that  passed  through  the  cylinder.^*  Each  gas 
was  definitely  heated,  by  bemg  passed  through 
a  straight  narrow  tube,  placed  in  Uie  axis  of 
a. large  tube,  filled  with  the  steam  of  boiling 
water.  The  q>edfic  heats  were  then  comparra 
to  water  by  two  methods.  The  first  consists 
in  subjecting  the  cylinda,  which  they  call  the 
calorimeter,  to  the  action  of  a  current  of  water 
perfectly  regular,  and  so  slow,  that  it  will 
hardly  produce  a  greater  efl^ect  than  the  current 
of  the  different  gases.  The  second  method 
consists  in  determining,  by  calculation,  the 
real  quantity  of  heat  which  the  calorimeter, 
come  to  its  stationary  temperature,  csn  lose  in 
a  given  time ;  for  since^  after  it  reaches  this 
point,  it  does  not  become  hotter,  tiiough  the 
source  of  heat  continues  to  be  applied  to  it, 
it  is  evident  that  it  loses  as  mudi  heat  as  it 
receives.  MM.  Berard  and  Belaroche  em- 
ployed these  two  methods  in  succession.  From 
the  singular  ingenuity  of  their  apparatus,  and 
precision  of  their  observations,  we  may  regard 
their  determinations  as  desovuig  a  degree  of 
confidence  to  which  the  previous  results,  on 
the  specific  heat  of  the  gases,  aro  not  at  all 
entitled.  They  have  completely  overturned 
the  hypothetical  structures  of  Black,  Lavoisier, 
and  Crawford,  on  the  heat  developed  in  com- 
bustion and  respiiation,  while  they  give  great 
countenance  to  the  profound  views  of  Sir  H. 
Davy.  See  Combustion,  and  Appendix. 
The  third  method  of  detennining  the  spe« 


dfic  heats  of  bodies,  is  by  raising  a  ghren  mast 
to  a  certain  temperature,  suspending  it  in  a 
uniform  cool  medium,  till  it  descends  tfaroogh 
a  certain  number  of  thermometric  degrees, 
and  carefully  noting  by  a  watch  the  time 
ehtpsed.  It  is  evident,  that  if  the  bodies  be 
invested  with  the  same  coating,  for  instsnoe, 
ghss  or  burnished  metals;  if  they  be  ms- 
pended  in  the  same  medium,  with  the  sune 
excess  of  temperature;  and  if  their  inteoor 
constitution  relative  to  the  cooductian  of  best 
be  also  the  same,  then  thenr  specific  beats  w3l 
be  directly  as  the  times  of  oooUng.  I  have 
tried  this  method,  and  find  that  It  lesdxly 
gives,  in  common  cases,  good  appnnmnadaDB. 
Some  of  my  results  were  pabosfaed  in  the 
Annals  of  Phil,  for  October  1817«  on  water, 
sulphuric  acid,  spermaceti  oil,  and  oil  of  tor- 
pentine.  "  A  ihin  gbos  globe,  capable  of 
ndding  1800  grains  of  water,  was  aaoceahdy 
filled  with  this  liquid,  and  with  the  othen; 
and  being  in  each  case  heated  to  the  ssme 
degree,  was  suspended,  with  a  delicate  thor- 
mometer  immened  in  it,  in  a  huge  room  of 
uniform  temperature:  The  eompazmtive  times 
of  cooling,  through  an  equal  range  of  the 
thermometrie  sode,  were  carefoll  j  noted  by  a 
watch  in  each  case.*'  The  difieience  of  ma. 
bility  in  the  liquid  partides  may  be  regarded 
as  very  trifling,  at  temperatnres  ftom  100*  to 
200^.  At  inferior  temperatures,  under  80* 
for  example,  oil  of  vitriol,  as  wdl  at  ipona. 
oeti  oil,  becoming  viadd,  would  introduce 
erroneous  results. 

Another  mode  has  been  latdy  practised 
with  the  utmost  scientific  refinement  by  MM. 
Bulong  and  Petit.  Their  experiments  were 
made  on  metals  reduced  to  fttB  mings,  sttongly 
pressed  into  a  t^lindrical  vessel  of  silver,  very 
thin,  very  smaU,  and  the  axis  of  which  was 
occupied  by  the  reservoir  of  the  tfaennometer. 
Thb  cylinder,  containing  about  460  grsins  of 
the  substance,  heated  about  12*  F.  above  the 
ambient  medium,  was  suspended  m  the  centre 
of  a  vessel  blackened  interiody,  sumiaDded 
with  mdting  ice,  and  exhansted  of  air,  to 
prolong  the  period  of  refrigentian,  which 
lasted  generauy  16  minutes.  Their  lesnlts 
have  disdosed  a  beantifol  and  unforeseen  re- 
lation, between  the  specific  heats  and  primidve 
combining  ratios  or  atoms  of  the  metah; 
namdy,  thai  the  atoms  of  all  shnpU  bodies 
have  exactly  ihe  same  eapacU^  Jb^  heat 
Hence  the  specific  heat  of  a  shnple  sufaslance, 
multiplied  into  the  weight  of  its  atom  or 
prime  equivalent,  ought  to  give  always  the 
same  product 

The  Uw  of  specific  heats  being  thus  estob- 
lished  for  dementary  bodies,  it  became  voy 
important  to  examme,  under  the  same  point 
of  view,  the  specific  hots  of  compound  bodies. 
Their  process  applymg  indSffbrentiy  (o  all 
substances,  whatever  be  thdr  oonductibili^  (f 
state  of  aggregation,  they  had  it  in  their  povcr 
to  subject  to  experimeBt  a  great  many  1 
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lAoie  pwportiimi  iwy  be  coMMatd  «^^^ 
tmt  when  they  endeavoured  to  mount  from 
thcie  detaminatsons  to  that  of  the  ^V^^ 
beat  of  e«ch  compound  atom,  by  a  method 
anahwoua  to  Aat  onploytd  to  the  simije 
bodies  they  found  themselveB  stopped  by  the 
•umber  of  eaually  PiobaWe  «»PPf«t»o?» 
amoDff  whkh  they  had  to  choose.  "If  the 
meAod,"  Mty  th^,  "of  fixing  the  wc^hts  of 
the  atoms  of  nmiOe  bodies  has  not  yet  been 
subjected  to  any  certain  rule,  that  of  the  atoms 
of  cttnpound  bodies  has  been,  a  fortiori,  de- 
duccd  ftom  suppoeitions  purely  arbiteaiy. 
They  sataify  thcmsdves  by  saying,  in  the 
meao  time,  that  abstiactmg  every  particular 
•ttppoflitifln,  the  observations  which  they  have 
hiOkBrto  made  tend  to  establish  this  remark- 
able kw,  that  Aeie  always  exists  a  very  simple 
XBtio  between  the  cuutcity  for  heat  of  the 
CTrnpftf^Fi^  atoms,  and  that  of  the  eleooentary 


We  shall  insert  here  tabular  views  of  the 
apcdfie  heats  deteimined  by  the  recent  re- 
Btaidmi  of  these  fWich  chemists,  reserving, 
iar  the  end  of  the  vohxme,  the  usual  move  ex^ 
tended,  but  leas  accurate  tables  of  speci& 
heat.  MM.  Petit  and  Dulong  jusdy  remark, 
that  "the  attempts  hithorto  made  to  discover 
aome  laws  in  the  specific  heats  of  bodies  have 
been  mtirdy  unsucoessaO.  We  shaU  not  be 
aorprised  at  this,  if  we  attend  to  the  great 
inaccuracy  of  aome  of  the  measurements ;  for 
if  we  except  those  of  Ijavoisier  and  LapUoe 
(nnfiirtimatcly  very  few),  and  those  by  La. 
nche  and  Beiwd  for  ekstic  fiuids,  we  are 
loKed  to  admit,  that  the  greatest  part  of  the 
otheis  are  extremely  inaccurate,  as  our  own 
experiments  have  mformed  us,  and  as  might 
indeed  be  concfaided  ftom  the  great  discordance 
in  the  results  obtained  for  the  same  bodies  by 
difibent  experimentefs."  From  this  censuM 
we  must  exc^t  the  recent  results  «  MM. 
Clement  and  Desormes  on  gases,  which  J 
believe  may  be  regarded  as  entitled  to  equsl 
confidence  with  those  of  Beraid  and  Dchuoche. 

TABLE  L'—Cf  ihe  specific  Beats  of  Gases, 
by  MM.  Bebjibd  and  DEI.ABOCHE. 


Air, 

Hydrogen, 

Carbonic  add, 

CHcygen, 

AsotB, 

Oxide  of  azote, 

Olefiantgas, 

Carbonic  oxide. 


Equal 
volume*. 

1.0000 
0.9033 
1.2583 
0.9765 
LOOOO 
1.3503 
1.5530 
1.0340 


1. 0000 
12.3401 
0.8280 
0.884^) 
1.0318 
0.8878 
1.5763 
1.0805 


Sp. 
gruv'ty- 
LOOOO 
0.0732 
1.5196 
1.1036 
0.9691 
1.5209 
0.9885 
0.9569 


ftratnuMphencair.  The  ej^ciiMntfln  havi 
taken  0.2660  as  the  mean,  to  which  all  the 
above  results  are  referred,  as  follows  i 

TABLE  IL 


Water, 

Air, 

Hydrogen  ^s, 
Carbonic  add. 
Oxygen, 
Aeote, 

Oxide  of  Axote, 
Olefiantgas, 
Carbonic  oxide, 
Aqueoos  vapour, 


l.( 

0.2669 

a89S6 

0.2210 

0.2361 

a2754 

0.2369 

0.4207 

0.2884 

0.8470 


The  following  are  the  results  given  by  MM. 
Clement  and  Besotmes,  for  equal  volumes  at 
temperatures  from  0»  to  60«  centigiade,  or 
82*  to  140«  Fahr. 


TABLE  IIL 


Inches 


Atmospheric  afr  at  39.6  1.216 

Ditto  29.84  1.000 

Ditto  14.92  0.693 

Ditto  744  0.540 

Ditto  3.74  0.368 

Do.  charged  with  1  ^^34  1.000 

A^''  »•«*  1-WO 

O^^  29.84  1.000 

g^J^L  29.84  0.664, 

cScidd.  29.84  1.600 


elements  Delaroehe 
Doonnet.  &  Berank 


1.: 

1.0000 


1.0000 

0.974 

0.9033 
1.2683 


To  reduce  the  above  numbers  to  the  stan- 
daxd  of  water,  three  difierent  methods  were 
employed;  firom  which  the  three  numbers, 
0.2498,   0.2697,  and  0.2813,  were  obtained 


The  reUtive  spedflc  heat  of  air  to  water  is, 
by  MM.  Clement  and  Desormes,  0.260  to 
1.000,  or  exactly  one^fourth.  The  last  tiWe, 
which  is  extracted  ftom  the /Ofirwfl/  de  F%- 
sigucy  gives  the  specific  heat  of  oxygen  by 
Ddaroche  and  Benurd,  a  Htile  diffferent  ftom 
their  own  number,  Table  L  ftom  iheAnnales 
<fcC«mle,vol86.  The  most  remarkable  re- 
suit  given  by  MM.  Clement  and  Desormes 
reirards  carbonic  add,  which  bring  reduced  to 
t£  standard  of  weights,  g^ves  a  spe^  heat 
compared  to  air  of  about  0.987  to  1.000,  while 
oxygen  is  only  0.9000.  The  former  tobies  of 
Crawford  and  Dalton  give  the  sjk  heat  of 
oxygen  2. 65,  and  of  carbonic  add  0.686,  com- 
ni^  to  air  1.000.  And  upon  these  very 
biooeous  numbers,  they  reared  thdr  hypo- 
thedcal  fabric  of  Utent  heat,  combustion,  and 
animal  temperatoie. 

We  shall  refer  to  the  above  Uble  m  txeatuig 

of  combustion.  .      «  *w    ** 

We  see  from  the  expenmente  on  anj  at 
different  densities,  that  its  specific  beat  dtol. 
nishes  in  a  much  lower  rate  than  its  specific 
«8vity.  When  air  is  expanded  to  a  quadru- 
ple vohime,  its  spedflc  beat  becomes  0.640, 
Snd  when  expanded  to  eight  tunes  the  v«- 
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hune,  ita  specific  beat  is  OMe,  The  densi- 
ties in  the  geometrical  progrenion  1,  ^i  ^^  1^, 
oonespond  nearly  to  the  specific  beato  in  the 
arithmetical  series  5,  4,  3,  2.  Hence  also  the 
specific  heat  of  atmospherical  air,  and  of  pro- 
bably all  gases*  considered  in  the  ratio  of  its 
veig^t  or  mass,  diminishes  as  the  density  in- 
creases. On  the  principle  of  the  increase  of 
specific  heat,  relative  to  its  mass,  has  been  ex. 
plabed  the  long  Observed  phenomenon  of  the 
mtense  cold  which  prevails  on  the  tops  of 
mountains,  and  generally  in  the  upper  regions 
of  the  atmosphere ;  and  also  that  of  the  pro- 
digious evolution  of  heat  when  aii  is  forcibly 
condensed.  According  to  M.  Gay  Lussac,  a 
condensation  of  volume  amounting  to  four- 
fifths,  is  sufiicient  to  ignite  tinder.  If  a  sy- 
ringe of  glass  be  used,  a  vivid  flash  of  light  is 
seen  to  accompany  the  condensation. 

TABLE  IV — Of  Specific  Heals  ^  tome 
SktUdiy  determined  ly  DuLONa  and  Petit. 


Specific 

Weight  of 

Product 

heaU.  that 

the  atoms. 

of  ihete 

of  water 

oxjy-^^nbe- 

two  num- 

being ioOl 

bers. 

Bismuth, 

0.0288 

13-300 

0-3830 

Lead, 

00293 

12-950 

0.3794 

Gold, 

00298 

12-430 

03704 

Platinum, 

00314 

1M60 

03740 

Tin, 

00514 

7-350 

03779 

Silver, 

00557 

6-750 

0-3759 

Zinc, 

00927 

4030 

0-3736 

Telluriupi) 

00912 

4.030 

0-3675 

S?A' 

00949 

3.957 

0.3755 

01035 

3.690 

0-3819 

Irbn, 

01100 

3.392 

0-3731 

Cobal^ 

01498 

2.460 

0-3685 

Sulphur, 

0.1880 

2011 

0-3780 

The  above  products,  which  express  the  capa- 
cities of  the  different  atoms,  approach  so  neat 
to  equality,  tliat  the  slight  differences  must  be 
owing  to  slight  errors,  either  in  the  measure 
ment  of  the  capacities,  or  in  the  chemical  ana- 
lyses, especially  if  we  consider,  that,  in  certain 
cases,  these  errors,  derived  from  these  two 
sources,  may  be  on  the  same  side,  and  conse- 
quendy  be  found  multiplied  in  the  result. 
Each  atom  of  these  simple  bodies  seems,  there- 
fore, as  was  formerly  stated,  to  have  the  same 
capacity  for  heat. 

An  important  question  now  occurs,  whether 
the  relative  caoadties  for  heat  of  different  solid 
and  liquid  bodies  be  uniform  at  different  tem- 
peratures, or  whether  it  vary  with  the  temper- 
dture  ?  This  question  may  be  perhaps  more 
clearly  expressed  thus:  Whether  a  body,  in 
cooling  a  certain  thermometric  range  at  a  high 
temperature,  gives  out  the  same  quantity  of 
heat  that  it  does  in  cooling  through  the  same 
range  at  a  lower  temperature?  No  means 
seem  better  adapted  for  solving  this  problem, 
than  to  measure  the  refrigeration  produwd,  by 


the  same  w^^ts  of  iee,  od  iinifiDnn  weMito  of 
water,  at  different  temperatuxes.  Mr.  I)altoD 
found  in  this  way,  that  '^  176*5*  expreaaes  the 
number  of  degrees  of  temperature,  such  as  are 
found  between  200o  and  212»  of  the  old  or 
common  scale,  entering  into  ice  of  32*  to  con* 
vert  it  into  water  of  82*;  150» of  the  same 
scale,  between  122«  and  130o,  sufltoe  £01  tiie 
same  effect ;  and  between  45*  and  50»,  IS8^ 
are  adequate  to  the  conversion  of  the  same  ies 
into  water.  These  three  resaltiiig  mimbeii 
(128,  150,  17^5)  are  nearly  as  6,  6^  7* 
Hence  it  follows,  that  as  much  heat  is  neeet* 
saiy  to  raise  water  5°  in  the  lawer  part  of  the 
old  scale,  as  is  required  to  raiae  it  7*  in  the 
higher,  and  &"  in  the  middle.*' — Sea  Ait  New 
Syetem  of  Chemical  PMIot.  voL  i  n.  63^ 

Mr.  Dalton,  instead  of  adoptlDg  toe  obvious 
eonclusioo  that  the  capacity  of  water  lor  heat 
is  greater  at  lower  than  it  is  at  higher  temper- 
atures, and  that  therefiKe  a  amalla  number  of 
degrees  at  the  former,  should  mdt  as  mudi  iee 
as  a  greater  number  at  the  latter,  mscribn?  ifae 
deviation  denoted  by  these  numbera^  5,  6,  and 
7,  to  the  gross  errors  of  the  ordinaiy  thomo^ 
metric  gradoatioD,  which  he  considers  so  ex- 
cessive, as  sot  aiilj  to  equal,  but  greatly  to 
overbalance  the  reaUp  increased  iqiecific  heat 
or  capacity  of  water ;  which,  viewed  in  itself, 
he  conceives  would  have  exhibited 
experimental  results.  That  our  oU, 
cording  to  his  notions,  cheoleU  thennometric 
scale,  has  no  such  prodigious  deviatioo  from 
truth,  is,  I  believe,  now  fully  admittfid  by 
chemical  philosophers ;  and  therefore  the  only 
legitimate  inference  from  these  very  experi- 
ments of  Mr.  Dalton,  is  the  deertatiag  capa* 
dty  of  water,  with  the  increate  of  its  tempeia. 
tore.  It  deserves  to  be  remarited,  that  my 
experiments  on  the  relative  times  of  cooling  a 
globe  of  glass*  successively  fiUed  with  water* 
oil  of  vitriol,  common  oil,  and  oil  of  tuxpeiK 
tine,  give  exactly  the  same  results  aa  Mr.  Dal- 
ton had  derived  from  mixtures  of  two  ounces 
of  ice  with  60  of  water,  at  different  tempera* 
tures.  This  concurrence  b  the  more  satis- 
factory, since,  when  my  paper  on  the  specific 
heats  of  the  above  bodies,  published  in  the 
Annals  of  Philosophy  for  October  1817,  vas 
written,  I  h^  no  reoculection  of  Mr.  Dalton's 
experiments. 

TABLE  V — OfCapacUietforHeat. 


Mean  capacity  between 

Mean  capacity  be-. 

0-  and  100«. 

tween  0«  and  3000*. 

Mercury,        0-0330 

0-0350 

Zinc,              00927 

0-1016 

Antimony,     00507 

00549 

Silver,            00657 

0-0611 

Copper,          0-0949 

01013 

PUtinum,       00355 

0-0355 

Glass,             0.1770 

0-1900 
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The  capadty  of  iron  ira»  dfltennined  at  the 
four  foUowiog  inteivalB : 

Fkom  0  to  leOo,  the  cspadty  is  0-1098 
0  toaOO  0-1160 

0  to  300  0-1218 

0   to3d0  0-1256 

If  we  estimate  the  tempentwet,  as  some 
philoBOphen  have  ptuposedi  by  the  latios  of 
the  quantities  of  heat  which  the  same  hodj 
giTea  oat  in  cooling  to  a  determinate  tempera- 
tture,  in  order  that  this  calculation  be  exact  it 
would  be  necesaarf  that  the  body  in  oooUng, 
finr  example,  from  300*  to  0®,  should  give  out 
dme  timca  aa  much  heat  m  in  cooling  irom 
100*  to  0*.  But  it  will  gire  out  more  than 
tfane  timea  aa  much,  because  the  capacitiea  ate 
increaaing.  We  should  thevafoie  find  too  high 
•  tenpeatnre.  We  exhibit  in  the  following 
table  the  tempeiatuiea  that  would  be  deduced 
fay  employii^  the  different  metals  contained  in 
the  pTeeedhig  table.  We  mutt  auppoae  that 
thev  have  been  all  placed  in  the  same  liquid 
batn  at  800*,  mcaaured  by  an  air  thcrmo- 


IlOD, 

•    832.S 

Maaaj, 

81 8-3 

Zinc, 

.    828-5 

Antnnony, 

324-8 

Sflver, 

-    8293 

Copper, 

320-0 

Platinum, 

•    317-9 

Glass,     . 

322-1 

Experimenta  have  been  instituted,  and  the- 
ofems  oooatructed,  for  determining  the  alxolute 
quantity  of  heat  in  bodiea,  and  the  point  of  the 
total  priration  of  that  power,  or  of  absolute 
cold,  on  the  thetmometric  scale.  The  general 
pcindple  on  which  most  of  the  inquirers  have 
proceeded  is  due  to  the  ingenuity  of  Dr.  lr?ine. 
tiupposing,  for  example,  the  capacity  of  ice  to 
be  to  that  of  water  as  8  to  10,  at  the  temperatuie 
of  32*,  we  know  that  in  order  to  liquefy  a  cer. 
tain  weight  of  ice,  aa  much  heat  is  required  as 
woaU  hat  the  same  weight  of  water  to  I40<> 
Fahr.  Hence,  140^  represent  two-tenths  or 
one-fifih  of  the  whole  heat  of  fluid  water; 
and  tfaerefbre  the  whole  heat  will  be  5  X  140« 
=  700*  bdow  32*.  It  is  needless  to  present 
any  algebraic  equations  on  a  principle  whldi 
is  probably  erroneous,  and  which  has  certainly 
produced  in  experiment  most  discordant  re- 
sults. Mr.  Dalton  has  given  a  general  view 
of  them  in  his  section  on  the  aero  of  tempera- 
ture. 

If  we  estimate  the  capacity  of  ice  to  that 
of  water  aa  9  to  10,  then  the  zero  will  come 
out        -  •  -  •  1400* 

Oadolin,  from  the  heat  evolved  in*^  2936 
mixing  sulphuric  add  and  water  in  |  1710 
diffisrent  proportiona,  and  comparing  (1510 
the  capacity  of  the  comxMunu  with  /^2637 
those  of  its  components,  deduced  the  ]  8230 
«»ppoaite  numbers,  J  1740 


Mr.  DaltoD  ftom  aulphuik  add  and  w». 
ter,        .  .  .  .  6400» 

Ditto  ditto  ditto  4160 

Ditto  dhto  ditto  8000 

He  thinks  these  to  be  no  nearer  approxinuu 
tions  to  the  truth  than  Oadolin^a. 

From  the  heat  evolved  hi  slaking" 
lime,  compared  to  the  specific  heats  (? 
the  compound,  and  ita  constituents,    4200 
lime  and  water,  Mr.  Dalton  gives  as 
theiero,  ...        J 

From  nitric  acid  and  lime,  Mr.  Dalton 
finds      ....  11000 

From  the  oombnstioo  of  hydrogen,     6400 
Vnm  Lavoisier  and  Laq>laoe*s  experimenta 
on  alaked  lime,  3428 

From  their  experimenta  on  aulphnric  add 
and  water,  •  7282 

Ditto  ditto  ditto  2698 

Ditto  from  nitric  add  and  lime,  -}-  23837 
Dr.  Irvine  pUoed  it  bdow  30»,  =  900 
Dr.  Crawford  ditto  dittoy  =  1600 
The  above  result  of  Lavoisier  and  Laplace 
on  nitric  acid  and  lime,  shows  the  tfaeoeem  in 
a  very  absurd  point  of  view,  for  it  places  tho 
zero  of  cold  above  mdting  platina.  AIM.  Cle* 
ment  and  Deaormea  have  been  latdy  searching 
titer  the  absolute  iero»  and  are  convinced  that 
it  is  at  268.68*  bdow  the  sero  of  the  centigrade 
scale,  or  —  448»  Fahr.  This  is  a  moae  con- 
oeivable  result.  But  MM.  Dolong  and  Petit 
have  been  led  by  their  investigation  to  fix  the 
absolute  zero  at  infinity.  **  This  opinion,** 
say  they,  ^^  rejected  by  a  great  many  philo. 
sf^)hers  because  it  leads  to  the  notion  that  the 
quantity  of  heat  in  bodies  is  infinite,  supposing 
Uieir  capadty  constant,  becomes  probable,  noar 
that  we  know  that  the  spedfic  beats  diminish 
as  the  tempoatures  sink.  In  fact,  the  law  of 
this  diminution  may  be  such,  that  the  integral 
of  heat,  taken  to  a  temperature  infinitely  low, 
may  notwithstanding  have  a  finite  value.*' 
They  further  infer,  that  the  quantity  of  heat 
developed  at  the  instant  of  the  combination  of 
bodies  has  no  rdation  to  the  capadty  of  the 
dements;  and  that  m  the  greatest  number  of 
cases,  this  loss  of  heat  is  not  followed  by  any 
diminution  in  the  capadty  of  the  compounds 
formed.  This  conseouence  of  their  researches, 
if  correct,  is  fatal  to  the  theorem  of  Irvine,  and 
to  all  the  inferences  that  have  been  drawn  from 
it 

Z.  Of  the  general  habitude*  of  heatt  with 
the  different  forme  of  matter. 

The  effects  of  heat  are  dther  transient  and 
physical,  or  permanent  and  chemical,  inducing 
a  durable  change  in  the  conatitution  of  bodiea. 
The  second  mode  of  operation  we  shall  treat 
of  under  Combust iok.  The  first  falls  to 
be  diacussed  here ;  and  divides  itadf  naturally 
into  the  two  heads,  of  cbangea  in  the  volume 
of  bodiea  while  they  retain  their  form,  and 
changes  in  the  state  of  bodies. 

Ist,  The  successive  increments  o!  volume 
which  bodies  receive  with  successive  incre- 
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,  liavs  bee&  liM  labjects 
of  innumenble  zeseaiches.    The  ezpAnnon  of 
fluitb  i$  80  much  greater  dum  that  of  nUda 
hf  Che  same  cleratioii  of  their  temperatuie, 
Ihat  it  beoomea  an  easy  taak  to  ascertain 
within  certain  limita  the  augmentatioii  of  vo- 
lume whidi  liquids  and  gasaa  aufl^  through 
a  moderate  thermometiic  range.     We  have 
onlj  to  endoie  them  in  a  pan  venel  of  a 
proper  fmm,  and  expose  it  to  heat.    But  to 
detennine  their  ezpansionB  with  final  aocuracjr, 
and  free  die  resmtB  from  the  enon  arising 
from  the  unequable  ezpansioD  of  the  recipient, 
isaproblemof  noamallfiffienlty.    It  seems, 
however,  after  many  vain  attempts  by  pre- 
ceding experimenten,  to  have  been  finally 
adved  by  MM.  Dulong  and  Petit.    The  ex- 
pension  of  sc^ds  had  been  previously  mea- 
auied  with  considerable  accuracy  by  sevenl 
philosophers,  particularly  by  Smeaton,  Roy, 
Ramsden,  and  Troughtoo,  in  this  country, 
and  Lavoisier  and  L^daoe  in  F^ranoe.    The 
method  devised  by  General  Roy,  and  exe- 
cuted by  him  in  conjunction  wi^  Ramsden, 
deserves  the  preferenoe.    The  metallic  or  odier 
rod*  the  subgect  of  experiment,  was  placed 
horizontally  m  a  rectangular  trough  of  water, 
whidi  oDold  be  conveniently  heated.    At  any 
aliquot  diatanoe  on  the  rod,  two  micrometer 
micraooopes  were  attached  at  right  ang^  to  it, 
so  that  each  being  adjusted  at  first  to  two  im. 
moveable  points,  exterior  to  the  heating  ^ 
pantos,  when  the  rod  was  elongated  by  heat, 
the  displacement  of  the  microscopes  could  be 
determined  to  a  very  minute  quantity,  to  the 
twenty  or  thirty  thousandth  of  an  inch,  by 
the  micrometrical  mechannm. 
•   The  apparatna  of  Lavoisier  and  Laplace 
was  on  Smeaton's  plan,  a  series  of  levers ;  but 
difiered  in  this  respect,  diat  the  last  lever  save 
a  vertical  motion  toa  tdesoope  of  six  feet  focal 
length,  whose  quantity  of  displacement  was 
determmed  by  a  scale  in  its  field  of  view  from 
100  to  200  yards  diatant.    This  addition  of  a 
micrometric^  telescope  was  ingenious ;  but  the 
whole  mechanism  is  liable  to  many  objections, 
ftom  which  that  of  Ramsden  was  ftee.    Still 
when  managed  by  such  hands  and  heads  as 
those  of  Lavoisier  and  Laplace,  we  must  re- 
gard  its  results  with  veneration.  MM.  Dulong 
and  Pedt  have  measured  the  diUtatiooa  of 
some  solids  as  well  as  mercury,  on  plans  whidi 
merit  equal  praise  for  their  originality  and  phi- 
looophical  mcision.    They  commenced  with 
mercury.    Their  method  with  it  is  founded 
on  this  incontestable  law  of  hydrostatics,  that 
when  two  columns  of  a  liquid  communicate 
bj  means  of  a  lateral  tube,  me  vertical  heights 
of  these  two  eolumoa  aro  prectsdv  the  inverse 
of  their  densities.    In  the  axis  of  two  upright 
copper  cylinders,  vertical  tubes  of  glass  were 
fixed,  joined  together  at  bottom  by  a  horizontal 
glass  tube  restmg  on  a  levelled  iron  bar.  One 
ot  the  cylindeta  was  charged  with  ice,   the 
other  with  oil,  to  be  wanned  at  pleasure  by  a 


srtjaoenttlovo.  'ftetfirtaagnlsr  Inwrtri  g>MB 
syphon  was  filled  nearly  to  the  top  widk  mer. 
cury,  and  the  hei^t  at  which  thelifaid  stood 
in  e»ch  1^  was  determined  with  nlc^r  bf  a 
teleacopic  micrometer,  revdring  in  a  botnitil 
plane  on  a  vertical  rod.  The  teSeieop  bd  s 
spoit  levd  attadied  to  it,  and  could  be  nmd 
up  or  down  »  veiy  minute  quanti^ by  ifine 
screw.  The  teuqpentoieoftheoUtdieBe- 
cUum  of  heat,  waa  measured  by  boili  ■  v 
and  a  mercurial  dicmometer,  whoce  balbioc 
copied  nearly  the  wh«^  vertical  atat  tf  tk 
cylinder.  The  ekngation  of  die  hated  e^ 
lumn  of  mercury  could  be  liywalyhiwa 
by  directing  the  eye  through  the  nuemstt, 
first  to  its  8urfaoe>  and  next  to  that  in  tfae]» 
ooHleK.    Having  by  a  series  of  CBRfnl  tab 


led  the  expansiona  of  mcRoiy  thioB^ 

difierent  thennometric  ranges,  thqrtfaeBde. 
teimined  the  expansion  of  ghn  froni  tki^ 
parent  expanaions  of  mercury  within  it.  Tvf 
filled  a  thflrmometer  with  weU  boiled  DOtai^ 
and  plunging  it  into  ice,  waited  tiU  the  hqud 
became  stationary,  and  tiien  cot  •p""^ 
stem  at  the  ix>int  where  the  menany^ 
After  weigfahig  it  cxacdy,  they  immened  it 
for  some  time  in  boiling  water.  On  «»- 
drawing,  wiping,  and  wei^iingit,  A^  w^ 
the  quantity  of  mercury  expelled,  whidi  wag 
compaied  with  the  whole  weight  ofttcina^ 
cury  m  it  at  the  temperature  of  mdang  J«, 
gave  die  dilatation  of  vdnme.  Ttaiap*- 
aady  the  plan  employed  kog  ^  bf  ^ 
Crighton,  as  weU  as  myself;  and  wind>^ 
the  quantity  1.63d,  employed  in  my  V^ 
for  the  apparent  dilatation  of  mcreniy  ffl  ^ 
Thdr  next  project  was  to  nieaaw  *«jj^ 
tation  rf  other  aolids;  and  thb  ^^TT^ 
ptished  with  much  ingenuity,  kr^ST*??* 
cylinder  of  the  aolid,  iron  for  e»n?5«.nr 
glass  tube,  which  waa  filled  up  »>*"*^ 
after  its  point  had  been  drawn  vH  ^•^^ 
lary  point  The  mercury  hanng  "Jr  J^ 
viously  boUed  in  it,  to  expd  aUf  «» ^ 
ture,  the  tube  was  exposed  to  «^r  J^ 
peratures.  By  determining  ^^^\^  to 
mercury  which  waa  driven  out,  n  «»  r^ 
deduce  the  dilatation  of  the  iron;  ^r^^ 

lume  driven  out  obviously  «P«*!*lrLttL 
of  the  dilatations  of  the  mercury  and  thenw 

diminished  by  the  dilatation  of  the  g'^.  ^ 
make  the  calcuUitiflo,  it  is  D«»»«7r,^. 
the  volumes  of  these  three  bodies  at  tnc  i^ 
perature  of  freezing  water;  but  ^\  ^^ 
iron  is  obtained  by  dividing  i" '««J12in- 
densityat82».  We  deduce  in^e»nj^ 
net  the  volume  of  the  glaw  f^  *"^Uwifr 
of  meroury  which  fills  it  at  ^at  ttfj^^ 
That  of  Ae  mercury  is  obviously  ttcm^=j|j|j 
of  the  first  two.  The  process  ju»tp»n'^ 
may  be  appUed  likewise  to  othCT  mew*, 
the  pi«^tion  merely  to  oxidwe  their  sana*- 
hi  order  to  hinder  amalgani«tH»'      .        - 

experiimeDts  with  a  i 
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B  pecolitt  ooDttntctioo,  for  meaBoitng  ibe  dlli^ 
tation  of  floIidB.  I  was  pardculaily  perplexed 
with  the  rods  of  zinc,  which  after  ioDumcnWe 
trials  I  finally  found  to  doogate  permanently 
by  being  altematdv  heated  and  cooled.  It 
would  seem  that  the  plates  composing  tlds 
metal,  in  sUdine  over  each  other  by  the  ex- 
pansive finee  of  beat,  present  sach  an  adhesiTe 


inctidD  iM  to  picMDt  qmIf  mqvb  ftwwtnfOOm 
It  would  be  desiiable  toknow  the  limh  of  this 
dftet,  and  to  see  what  other  metals  iK  wvibjfiet 
to  Ae  same  diange*  I  hope  to  be  able  crekog 
to  finish  these  pynmwbkal  rescttdies. 

I  shall  now  present  a  copious  table  of  dila- 
tatbns,  newly  compiled  fimn  the  bert  «cp^ 
ximents* 


TABI4E  h-^Lmear  DUaitakm  qfSokdi  ky  Heat 
IKmensioos  which  abar  takes  at  212^  whose  length  at  2a«  is  1.000000. 


Gins  tube, 

do. 

do. 

do. 

do. 
PUteglaw, 

do.  crown  i 

dou 

do^  do. 

da  rod, 

DeiJ, 
Pladna, 

do. 

do. 

dow  and  glass, 
FaDadium, 
Antimony, 
C^  iron  prism. 
Cast  iron. 
Steel, 
Steel  rod. 
Blistered  steel, 

do. 
Steel  not  tempered, 
dow  do.        do. 
do.  tempered  yellow, 

do.     da        da 

do.      do.       do.    at  a  higher  heat, 
Steel, 

Hard  steel. 
Annealed  steel. 
Tempered  steeli 
Iron, 

da 
Soft  iron,  fbrged, 
Bound  iron,  wire-drawn, 
Iron  wire^ 
Iron, 
Bismuth, 
Annealed  gold, 
Oold, 

da    procured  by  parting, 
do.     Paris  standard,  unannealed, 
da  da         annealed, 


Copper, 
do. 


da 
da 
da 


do. 
do. 
Bfsas  scale,  supposed  from  Hamburg, 


SmeatoB      •        •        • 
Roy,  .... 
Dauc*s  mean, 
Dulong  and  Petit, 
Lavdsier  and  Lapbee, 

da  do. 

da  da 

da  da 

da  da 

Roy]  as  g^,      .        . 

Borda,        ... 

Dulong  and  Petit, 

Xrooghton, 

Berthoud,  • 

Wollaston, 

Smeatoo, 

Roy, 

LaToisier,  by  Br.  Yoong, 

Xroughtoo, 

Roy,        .  .        . 

PhiL  Trass.  1795.  420, 

Smeaton, 

Lavoisier  and  Laplace, 

da  do. 

do.  do. 

da  da 

da  da 

Trough  ton, 
Smeaton,     . 
Muschenbroek, 

do. 
Borda, 
Smeatim,     . 
Lavoisier  and  Laplace, 

da  da 

Troug^ton,  • 

Dulong  and  Petit, 
Smeaton, 
Muschenbroek, 
Ellioot,  by  comparison, 
Lavoisier  and  Laphux, 

da  da 

da  da 

Muschenbroek,    * 
Lavoisier  and  Laplace, 

do.  da 

Trougfaton,  . 

Dulong  and  Petit, 
Borda, 
Lavoisier  and  Laplace, 

do.       dSr^ 

Roy,     ... 


U 

1^00077616 

1^00082800 

1-00086190 

1*00081106 

1.000890880 

L00087672 

1^00089760 

1-00091761 

100080787 


100088420 

14M)099180 

1-00110000 

1-00100000 

1.00106900 

1.00110940 

IHlOllllU 

1.00118990 

1-00114470 

100112500 

1-00116000 

100107876 

1.00107956 

1-00196900 

1-00198600 

1-00128956 

1-00118980 

1-00122600 

1-00122000 

1-00197000 

100116600 

1-00126800 

100122046 

100128604 

1-00144010 

1-0011820B 

1-00199200 

1-00146000 

100160000 

1-00146606 

1-00166165 

100161961 

10019100 

1.00179M4 

1.001712M 

1-00191880 

1.00171621 

1.00178900 

1-00186671 

1.00188971 

1410166540 
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Oiitbnis, 

fngUih  pUte-bnui,  io  rod, 

do*  do*       in  ft  trough  ibmi, 

Brass, 
Brass  wize. 
Brass, 

Copper  8,  tin  1, 
SUver, 

do. 

do. 

do.    of  cupd, 

da    Paris  standard, 
Silver, 

Brass  16,  tin  I, 
Speculum  metsl, 
Spelter  solder ;  biass  2,  zinc  1, 
Malacca  tin. 
Tin  from- Falmouth, 
Fine  pewter, 
Grain  tin. 
Tin, 

Soft  solder ;  lead  2,  tin  1, 
Zinc  8,  tin  1,  a  little  hammered. 
Lead, 

do. 
Zinc, 

Zinc,  hammered  out  4  inch  per  foot, 
GUss,  from  82«,  to  2l2o, 

do.    from  212«,  to  892*", 

do.    from  3920,  to  572«, 


Hoy,   . 
dOi 

*n>ughtOD,       •  • 

Smeaton, 

Muachenbroek, 

Smeaton,  .  • 

Herbert, 

BUsoot,  by  comparison, 

Aluschenbroek, 

Lavoisier  and  Laplace, 

da  da 

Troug^ton, 
Smeaton, 

da        .         .        . 

da        .         .       . 
Lavoi^or  and  Laplace, 

da  da 

Smeaton, 

da  .        .        . 

Muschenbroek, 
Smeaton, 

da 
Lavoisier  and  Laplace, 
Smeaton, 

da 

do. 
Dulong  and  Petit, 

da      da 

da     da 


100187500 

1.00189280 

100189490 

1.00191880 

L00193000 

1*00216000 

100181700 

100189000 

10021000 

100212000 

1*00190974 

1*00190868 

10020826 

1^)0190800 

1.00193900 

1.0020d800 

1-00193765 

100217298 

1*00228300 

1*00248300 

100284000 

1*00250000 

1*00209200 

1.00284836 

1*00286700 

1.0029420O 

1.00301100 

1.00086130 

1*00091827 

1000101114 
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The  hut  tn^o  measurements  by  an  air  thermometer. 
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To  obtain  the  expansion  in  volume,  mul* 
tiply  the  above  decimal  quantities  by  tluee,  or 
divide  the  denominators  of  the  vulgar  fractions 
by  three ;  the  quotient  in  either  case  is  the  di- 
latation sought 

We  See  that  a  condensed  metal,  one  whose 
particles  have  been  forcibly  approximated  by 
the  wire-drawing  process,  expands  more,  as 
might  be  expected,  than  metals  in  a  looser  state 
of  aggregation.  The  result  for  pewter,  I  con- 
ceive, must  be  inaccurate.  Lead  ought  to 
communicate  to  tin,  suidy,  a  greater  expan. 
sive  property.  Borda*s  measure  of  platina  is 
important  It  was  observed  with  the  fules 
which  served  for  jneasuring  the  base  of  the  tri* 
gonometrical  survey  in  France.  The  observa- 
tions in  the  table  on  tempered  ated,  are,  I  be- 
lieve, by  that  eminent  artist,  Fortin,  though 
they  are  included  in  the  toble  which  M.  Biot 
published,  under  the  title  of  Lavoisier  and  La- 
phwe. 

The  amount  of  the  dilatation  of  metals  be- 
comes very  useful  to  determine^  in  certain 
cases,  the  change  of  dimension  to  which 
astronomical  instrvments  are  liable.  Thus,  in 
measuring  a  base  for  the  grand  operation  of 
the  meridian  of  France,  Borda  sought  to  elude 
the  uncertainties  arising  from  expansion  of  the 
measuring  rods,  by  combining  metallic  bars, 
so  that  they  indicated,  of  themselvea,  their  va- 
riations of  temperature  and  pf  length.    A  rule 


of  platina,  twelve  feet  long,  was  attached  by 
one  of  its  extremities  to  a  rule  of  copper 
somewhat  shorter,  which  tested  freely  on  its 
surface,  when  plaeed  in  a  horiiontal  positioo. 
Towards  the  loose  end  of  the  copper  rule, 
there  was  traced  on  the  platina  rule  voy  exact 
linear  divisions,  the  parts  of  which  were  mil. 
lionths  of  the  total  length  of  diis  rule.  The 
end  of  the  copper  rule  carried  a  vernier,  whose 
coinddenoes  with  the  platina  graduations  were 
observed  with  a  microscope.  Now,  the  ^la- 
tations  of  the  platina  and  copper  being  unequal 
for  equal  changes  of  temperature,  we  may 
conceive  that  the  vernier  of  the  copper  rule 
would  incessantly  correspond  to  variable  di- 
visions, according  as  the  temperatures  varied. 
Borda  made  use  of  these  changes  to  know  at 
every  instant  the  common  temperature  of  these 
two  bars,  and  the  ratio  of  the  absolute  dilata. 
tions  of  their  two  metals.  The  value  of  the 
vernier  divisions  had  been  previously  ascer- 
tained,  by  plunging  the  compound  bar  into 
water  of  different  temperatures,  contained  m 
an  oblong  wooden  trou^^.  It  waa  therefbre 
sufficient  to  read  the  indications  of  this  me- 
tallic thermometer,  in  order  to  learn  the  true 
temperature  of  the  ban  in  the  atmosphere; 
and,  of  course,  the  compensation  to  be  made 
in  the  meter  rods  or  diains,  to  bring  them  to 
the  true  Icagth  at  the  standard  temp«ntnre. 
An  exact  acquaintance  with  the  dilaution 
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of  ttietals,  is  aho  neoessary  for  ngoktiBg  the 
length  of  the  pendulum  in  aBtranomical  docks. 
Wben  the  bah  or  bob  of  a  seconds  pendnlum 
is  let  down  -^  of  an  inch,  the  dock  will  go 
ten  seconds  slower  in  24  hours  $  and  therefore 
x^^  of  an  inch  will  make  it  lose  one  second 
per  day.     Now,  as  the  effectire  length  of  the 
seconds  pendulmn  is  31^13929  inches,  we 
know  mm  the  previous  table  of  expansion, 
that  a  change  of  30  degrees  of  temperature  by 
Fahrenheit^  scale,  will  alter  its  loigth  about 
xAnr  P*'*)  which   is   equivalent  to  nearly 
0-0€>78»  or  i^  of  an  inch,  corresponding  to 
aboat  eight  seconds  of  error  in  the  day.     The 
lint,  the  most  sunple,  and  most  perfect  in- 
vention for  obviating  these  variations,  is  due 
to  Graham.     The  bob   of  his  compensation 
pendulum  consisted  of  a  glass  cylinder,  about 
ttx  indies  long,  hotding  ten  or  twelve  pounds 
of  mercmy.   In  proportion  as  the  iron  or  steel 
Tod  to  wmch  this  was  suspended,  dikted  by 
heat,  the  mercury  also  expanded,  and  raised 
thereby  the  centre  of  oscillation,  just  as  much 
as  the  lengthening  of  the  rod  had  depressed 
iL    M.  £Kot,  with  his  usual  accuracy,  has 
flfaown,  that  if  the  suspending  rod  were  of 
S^asa,  the  length  of  the  cylinder  of  mercury 
wonHd  require  to  be  1.10th  the  totol  length  of 
die  pendulum,  namely,  about  'four  inches; 
bat  uie  expansion  of  iron  being  greater  in  the 
zatio,  pretty  nearly  of  three  to  two,  we  have 
the  ieogth  of  the  cylinder  in  the  latter 


case,  equal  to^ about  six  inches*  The  latevery 
ingenious  Mr.  Gavin  Lowe  prescribed,  along 
with  a  steel  rod,  a  glass  cylinder  two  indies 
diameter  inside,  containing  6^ -vertical  indies 
of  mercury,  weighing  ten  pounds.  From  ac« 
curate  calculation  &  found,  that  if  such  a 
pendulum  should  go  perfecUy  true  when  the 
thermometer  is  at  SOS  but  that  at  90°  it 
should  go  one  seoona  slower  in  24  hours,  it 
would  be  remedied  by  pouring  in  ten  ounoea 
more  qnidcsilver;  or,  by  taking  out  that 
quantity,  if  it  went  one  second  &ter  in  24 
hours,  when  at  90«  than  at  30<»  Fahr. ;  and 
ibr  l-lOth  of  a  second  of  deviation  in  24 
hours,  the  compensation  is  the  addition  or 
abftracdon  of  one  ounce  of  mercury.  See  a 
useful  paper  on  this  subject,  by  Mr.  Firminger, 
in  the  Philosophical  Magazine  for  August 
1819. 

The  balance  wheel  of  a  watch  varies,  in  the 
time  of  its  oscillations,  by  its  expansions  and 
oontractioos  with  variations  of  temperature. 
The  invention  of  Arnold  furnished  a  whed  or 
interrupted  ring,  composed  of  concentric 
lamina  of  two  metals,  which,  obviating  the 
above  defect  by  their  difference  of  dilatation, 
has,  under  the  name  of  compensation  balance, ' 
incalculably  improved  the  accuracy  of  marine 
chronometers.  We  shall  describe  under  Ther- 
mometer, an  elegant  instrument  constructed 
on  similai  prindples,  by  the  celebrated  M. 
Br^guet    See  other  applications,  ii|/Va. 


TABLE  II. — DUataiUm  of  the  volume  of  Liquids  hy  being  heated 
from  320  to  212«. 


HeMttiy,  Dalton, 
dob        Lord  Charles  Cavendish, 
da        Deluc, 
do.        General  Roy, 
do.        Shuckbuigh, 
.    da        Lavoisier  and  Laplace, 
do.        Hadestroem, 
do.        Dukng  and  Petit, 
do.  do.    from  2120,  to  392^, 

do.  do.    from  392°,  to  672o, 

da  da    in  glass,  from  32o,  to  212", 

da  da  do.  ftom  212°,  to  892«, 

da  da  da  from  392<>,  to  672% 

Water,  Kirwan,  horn  89®,  its  maximum  density. 
Muriatic  add,  (sp.  gr.  M37X  Dalton, 

Nitric  add,  (sp.  gr.  I-40>,  da 

Sulphuric  aod,  (sp^gr.  1'86),  do. 

Alcohol,  ...  da 

Water,  ...  do. 

Water  saturated  with  common  salt,        da 
Sulphuric  ether,  .  .  da 

Fixed  oils,        ...  do. 

Oil  of  turpentine,  .  .  da 

The  quantities  given  by  Mr.  Dalton  are  probably  too 
great,  as  is  certainly  the  case  with  mercury ;  his 
experiments  being  perhaps  modilied  by  his  hypo- 
thetical notions. 
Water  saturated  with  common  salt,     Robiaon, 


0020000 

0018870 

0*018000 

0-017000 

0-01851 

0*01810 

0*0181800 

0*0180180 

00184331 

0-0188700 

0*015432 

0*015680 

0-0158280 

0*04332 

0*0800 

01100 

0-0600 

0-1 100 

0-0460 

0-0500 

0*0700 

0-0800 

00700 


005108 
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-  Dr.Toimg,iiilkTdiMbl0Crtdk^fi»J20«. 
«M«^,  Natond  Fhiloiophy,  voL  IL  p.  391, 
gtvii  the  fbOowing  table  of  the  tifamkm  of 
water,  eonttracted  fnm  a  callatiim  of  ezperi. 
mentB  by  Oi^nii,  Kirwan,  aod  Acbard.  He 
mj%  ffaat  die  degnes  of  Falitaiheit*8  tfaer- 
mometer,  nckoolng  cilfaer  way  from  99*  being 
called/,  the  expandoii  of  water  ie  neerly  ex<i 
pieMed  by 9SfB  (mM2/)  in  10  anaiioDthe ; 
and  tlie  diBunatloa  of  the  apec.  gniTity  by 
•009008^  — •0000e009472fi.  Thisequft- 
tifln,  as  wcQ  aa  the  taUe,  ave  Tcry  important 
for  tfaeiednedoii  of  specific  gravitiei  of  bodiea» 
taken  by  wil^Ung  them  in  water. 


30»  0-99980 

32  0*99988 

34  0-99994 

39  100000 

44  0-99994 

48  0-99989 

49  0-99978 
54  0*99961 

59  099914 

60  l^99906 


Dimio.  of  ip.  gr.  Expeoaion. 
0-00020 
000012 
0-00006 
0-00000 
000006 
0-00018 
0-00022 
000049 
0-00086 
000094 


64 
69 
74 

79 
(82) 
90 
100 
102 
122 

142 
162 

167 
182 
202 
212 


0*90867 
0-99812 
099740 
0-99701  Achaid 
0-99680  Gapin 
0-096*12  Kirwan 
0-99511  Gilpin 
0-99313 

0-99246  Ejrwan 
098757 
0-98872  Debc 
0-98199  K. 
0-97583 
0-97480  Deloc 
0-96900  K. 
096145 
0-95848 


Ii0.ip.|{t. 

0-00133 
0-00188 
0-00251 

0-00320 
000388 
0-00489 
000687 
000754 
0-01243 
001128 
0-01801 
002417 
002520 
003100 
003855 
0-04152 


0^W32I 
(M)Q389 
0-00491 


0-00760 
04)1258 

04)1833 
04)2481 

0-03198 
0-04005 
.0-04333 


Delac  introduced  into  a  series  of  ther- 
mometer glasses  the  following  liquicU,  and 
noted  thdr  comparative  indications  bj  expan- 
sion at  different  degrees  of  heat,  messuied  « 
Reaumur*s  thermometer,  of  vhicfa  80*  it  the 
boding  point  of  water,  and  0«  tbe  melting 
point  of  ic& 


TABLE  of  Thermometric  Indieations  by  Delvc. 


Mercury. 

OHve 

Oil. 

Es.  Oil  of 
Chamomile. 

on  of 
Thyme- 

Alcohol. 

Brine. 

Water. 

R. 

Cent 

Falir. 

80 

100" 

219° 

80» 

OO** 

80» 

80- 

80» 

80<» 

75 

93f 

200* 

74.6 

74.7 

74.3 

73:8 

74.1 

71 

70 

87.5 

im 

69.4 

69.5 

6&8 

67.8 

68.4 

62 

66 

81. 

174 

64.4 

64.3 

63.5 

61.9 

62.6 

53.5 

60 

75. 

167 

59.3 

59.1 

sas 

5a2 

57.1 

45.8 

55 

ooj 

\^ 

54.2 

53.9 

53.3 

50.7 

51.7 

88.5 

50 

49.2 

48.8 

4a3 

45.3 

46.6 

32. 

45 

l33j 

44.0 

43.6 

43.4 

40.2 

41.2 

26.1 

40 

60 

122* 

39.2 

38.6 

3a4 

35.1 

36.3 

20l5 

85 

43» 

34.2 

33.6 

33.5 

30.3 

31.3 

15.0 

80 

37| 

9gl 

29.3 

2a7 

2a6 

25.6 

26.5 

11.2 

25 

31i 

381 

24.3 

2^8 

23.8 

21.0 

21.9 

7.8 

20 

25 

77* 

19.3 

18.9 

19.0 

16.5 

17.3 

4.1 

15 

1 

14.4 

14.1 

14.2 

12.2 

12.8 

1.6 

10 

54X 

9.5 

9.3 

9.4 

7-9 

a4 

0.2 

5 

4«i 

4.7 

4.6 

4.7 

3.9 

4.2 

0.4 

0 

0* 

82* 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

—  5 

"1 

'n 

-3.9 

-4.1 

—10 

1? 

-7.7 

— ai 

As  I  consider  these  loalts  of  Ddue  valu- 
able,  in  so  far  as  they  enaUe  us  to  compare 
directly  the  expansions  in  g^ass  of  these  dif- 
ferent thermometric  liqnids,  I  haye  added  the 
two  colnnms  marked  Cent,  and  Fidur.  to  give 
at  once  the  reductions  to  the  oentignuile  and 
Fahrenheit  grsduition.  The  alcohol  was  of 
such  strength  that  ito  6ame  kindled  gun- 
powder, and  it  was  found  that  the  results  were 
not  much  changed  by  a  small  difiercnoein  the 
sUsngtfa  of  the  spirit.  The  brine  waa  water 
satursted  with  ooQunon  salt 


M .  Biot,  in  the  finit  Yolume  of  bis  dabonte 
TraiU  tU  Phytique^  has  intestigsted  aereisl 
empyrical  formula,  to  represent  the  laws  of 
dilatation  of  the  different  fluids.  They  «e 
too  complex  for  a  work  of  this  nature.  Be 
showsthatforall  Uquidswhosedilatatioosbsve 
been  hitherto  obsenred,  tbe  general  march  of 
this  dilatation  may  be  represented  at  every 
ttoiperatnrc  by  an  expression  of  this  fam, 
**  =  irf  4-  6/t  4-  c|3,  in  which  i  denotes  the 
temperature  in  degrees  of  the  mercurial  th«r^ 
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dependoDthenatnreof  the  liquid;  and  f  the 

true  diUtatiim  for  the  Tolame  1.0  from  the 
tempentare  of  melting  iee.  We  ahall  conteot 
ounidyes  wiUi  giving  one  example,  from  whieh 
we  may  judge  of  the  great  geometrical  r»- 
MHiTces  of  this  philoaophcr.     For  efive  oil 

the  formula  becomes  ^T  =  a95067  T   + 

a00076  Ti  —  0L0e00Ol687  T>. 

The  fbllowin^^  table  givee  its  resolti  oom- 

pazed  with  experiment. 

OfthemcKDriaL      Calmlalied.  Observed, 

ao*                     80»  80* 

70                      eO.IM  00.41 

60                       60.37  60*3 

5a                       40.3  40.2 

40                        90.18  30.2 

aO                        20.16  80.3 

80                        10.30  10.3 

10                         0.68  0.6 

0.0  0. 

If .  6*7  LuMc  has  latdy  endeavoured  to 


diseover  some  law  which  ahoiild  oonespdnd 
with  the  rate  of  dilatation  of  d\ferent  liquids 
by  heat.  For  this  porpoie,  instead  of  com- 
paring the  dilatatians  of  different  liquids, 
above  or  below  a  temperature  uniform  for  all, 
be  set  out  from  a  point  variable  with  M|gwd 
to  tempemtnxe,  but  unifoim  as  to  the  oobnioci 
of  the  particles  of  the  bodies ;  namely,  from 
the  point  at  which  each  liquid  boib  under  a 
given  pressure.  Among  those  which  he  ex- 
amined»  he  found  two  which  dilate  equally 
from  that  point,  viz.  alcohol  and  sulphuret  of 
carbon,  of  which  the  former  boils  at  173. 14«, 
the  latter  at  1 16.0*  Fahr.  The  other  liquids 
did  not  present,  in  this  respect,  the  same  re- 
semblance. Another  analogy  of  the  above  two 
liquids  is,  that  the  ssme  volume  of  each  gives, 
at  lU  boiling  point,  under  the  same  almos^eric 
pressure,  the  same  ?olume  of  vapour ;  or,  in 
other  words,  that  ihc  densities  of  their  vapouis 
are  to  each  other  as  those  of  the  liquids  at 
their  respective  boiling  temperatures.  The 
fdbwing  table  shows  the  results  of  this  di». 
tinguished  diemist 


TABLE  of  ihe  CorUracHons  of  1000  parts  in  volume^  by  cooling. 


Water.          { 

Alcohol. 

Sqlphurot  of  Csrb. 

Ethir. 

CoBUiet 

Ditto 

Coatnust 

Ditto 

Contract 

Ditto 

Contract 

Ditto 

iwung. 

by  apt. 

calculated. 

byexpt. 

cftkulatcd. 

by  expt. 

caleulated. 

byexpt 

cakrulatod. 

0.00 
3.34 

0.00 

a36 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

&66 

6.66 

6.14 

ao7 

ai6 

a  16 

—10 

6.61 

aB6 

11.43 

11.24 

12.01 

12.08 

16.17 

laoi 

—16 

10.60 

0.80 

17.61 

17.00 

17.08 

17.00 

24.16 

2a60 

-^ 

iai6 

13.03 

24.34 

2a41 

23.80 

23.80 

31.83 

3a02 

—36 

16.06 

1&06 

20.16 

2&60 

20.66 

20.50 

30.14 

3a08 

—30 

ia86 

1&06 

34.74 

34.37 

36.06 

36.06 

46.42 

46.04 

—36 

21.62 

21.67 

40.28 

40.06 

40.48 

40.43 

62.06 

51.86 

—40 

24.10 

24.20 

46.68 

46.66 

46.77 

46.67 

68.77 

6a77 

-46 

26.60 

26.62 

50.86 

61.11 

61.08 

60.70 

65.48 

66.20 

-60 

2a66 

2&61 

6a02 

66.37 

66.28 

66.62 

72.01 

71.70 

—66 

30.00 

30.43 

61.01 

61.43 

61.14 

60.12 

78.38 

7a36 

—60 

32.42 

31.06 

66.06 

66.23 

66.21 

64.48 

—66 

34.02 

33.10 

10.74 

70.76 

-70 

36.47 

34.00 

76.48 

74.03 

-76 

36.70 

34.68 

80.11 

7a76 

Their  respective  boiling  points  are : 
Water,         -         100»      Cent  =  212»  F. 
Alcohol,       .  7a41  173 

Salpbaiet  of  caib.     4a60  126 

S&Iphnrie  ether,        36.66  06 

The  experiments  were  made  in  thermometer 
vessds  hermeticany  sealed. 

Alcohol,  at  7a41o  cent  produces  48a3  its 
voL  of  vapour. 

Sulphuret  of  carbon,  at  4a  60^  cent  pro- 
duces  401.1  its  voL  of  vapour. 

Btfacr,  at  35.660  cent  produces  285.0  its 
voL  of  vapour. 

Water,  at  lOaOO^  cent  produces  1633.1 
its  vol.  oif  vapour. 


In  solid  metals,  the  expansion  seems  to  be 
greater,  the  less  their  tenacity  and  density, 
Uiongh  to  this  general  position  we  have 
stril£)g  exceptions  in  antimony  and  bismuth, 
provided  they  were  accurately  measured  by 
Dmeaton^s  apparatus,  of  which,  however,  I 
have  reason  to  doubt  The  least  flexure  in 
the  expanding  rods,  will  evidently  make  the 
expansions  come  out  too  smalL  If  metallic 
dilatkbility  vary  with  some  unknown  function 
of  density  and  tenacity,  as  is  probable  a  priori^ 
we  would  expect  their  rate  of  expansion  to 
increase  with  the  temperature.  This  view 
coincides  with  the  following  results  of  MM. 
Dulong  and  Petit 
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TeinpMmtiim  bF 

dlWJitSon  of  air. 


bulk  of 
Iron.    Cop.    PUtt. 

©•to  100*  cent  give  afc   t*7  sfr 

0»  to  300»,  mean  quantity,      ^   ^^    ^ 

Tripling  these  denominators,  we  have  the 
linear  expansions,  fractionally  expressed  thus : 

Iron.    Cop.    PUt. 
0«tolOO*cent.  »ir   »*»   tAt 

©•toSOOOmean,  vir   »*t  tA» 

To  multiply  inducti?e  generalizations,  that 
is,  to  group  t<^ether  faeit  which  have  some 
Important  qualities  common  to  them  all,  is  the 
main  scope  and  business  of  philosophy.  But 
to  imagine  phenomena,  or  to  twist  real  pheno* 
mena  into  the  shape  suited  to  a  preconceived 
oonstittttion  of  things,  was  the  vice  of  the  Pe- 
ripatetic schools,  vraich  Bacon  so  admirably 
exposed ;  of  which  in  our  times  and  studies, 
according  to  MM.  Dulong  and  Petit,  many 
of  our  speculations  on  the  laws  of  heat  affiml 
a  striking  example. 

Mr.  Dalton  has  the  merit  of  having  first 
proved  that  the  expansions  of  all  aeriform 
bodies,  when  insulated  from  liquids,  are  uni. 
form  by  the  same  increase  of  temperature ;  a 
fiict  of  great  importance  to  practical  chemistry, 
which  was  fuUy  verified  by  the  independent 
and  equally  original  researches  of  M.  Gay 
Lussac  on  the  subject,  with  a  more  refined 
and  exact  apparatus.  Both  of  these  philosophers 
demonstrated,  that  100  in  volume  at  32^  Fahr. 
or  0*  cent,  become  1.375  at  212«  Fahr.  or  100<> 
cent  Hence  the  increment  of  balk  for  eadi 
degree  F.  is  <^>  =  0.002083  =  ^;  and 
for  the  centigrade  scale  it  is  %*f}«  =  (t00375 
=  9irv  Thus  480  parts  in  volume  at  32^ 
F.  leoome  at  60o  F.  480  +28  =608;  and 


atl20«F.  tbiy  become  480  +8S;=.668. 
Hence  the  volumes  of  any  dry  gst  at  these 
two  temperatures  will  be  to  eadi  odis*  in  the 
ratio  of  f(|^  Fpr  example,  2o  cubic  inches 
at  120O  F.  will  become  25  X  jft  =  22.38  at 
80«.  Or  calling  the  volume  at  32*  um^  = 
1.00000,  it  will  become  1.05833  at  (»•,  and 
1.18333  at  120O.    But  26  muluplkd  by  the 

fraction  Vflvfv  =  ^'^  *^  ^<°^  ^^"^ 
constructed  a  new  table,  to  save  much  of  thii 
arithmetical  operation,  which  will  be  £Bmid  ia 
the  Afpevdix.  Vaponn,  when  heated  oat 
of  contact  of  their  respective  liquids,  obey  the 
same  law  as  gases;  a  discovery  doe  id  M. 
Gay  Lussac. 

We  shall  now  treat  of  the  anomaly  present, 
ed  by  water  in  its  dilatations  by  change  of  las. 
peiature,  and  then  conclude  this  part  of  the 
subject  with  some  practical  applicaiaoos  of  the 
preceding  fiicts. 

The  Florentine  academicians,  and  after  tfaso 
I>r.  Croune,  observed,  that  on  cooling  in  ice  snd 
salt  the  bulb  of  a  thermometric  glaas  vessel 
filled  with  water,  the  liquid  progressivdy  sank 
in  the  stem,  till  a  certain  point,  after  whlcfaCthe 
further  progress  of  refrigeration  was  accompa- 
nied by  an  ascent  of  the  liquid,  iodicating  ex- 
pansion of  the  water.  This  curious  pheMoie* 
non  was  first  accurately  studied  by  M.  JMoc, 
who  placed  the  apparent  tenn  of  greatest  den- 
sity at  40^  Fahr.,  and  considered  the  expansioD 
of  water  from  that  point,  to  vary  with  equal 
amount,  by  an  equal  change  of  tsmpetatnre, 
whether  of  increase  or  decrease.  Hsving 
omitted  to  make  the  requisite  conection  for  the 
eflfect  of  the  expansion  of  the  glass  in  vhtdi 
the  water  was  contained,  it  was  found  after- 
wards  by  Sir  Charles  Blagden  and  Mr.  Oilpin, 
who  introduced  this  oonection,  that  the  rcol 
term  of  greatest  density  was  30*  F. 


ThcfaOffmng  Tabk  gives  their  experunental  reauU*. 


Sp.graTlty. 

Bulk  of  water. 

Temperature^ 

Bulk  of  water. 

Sp.  gravity. 

1.00000 

39* 

1.00000 

.00000 

1.00000 

38 

40 

1.00000 

1.00000 

0.99909 

I.OOOOl 

87 

41 

1.00001 

0.90999 

.99998 

1.00002 

36 

42 

1.00002 

0.99998 

.99996 

1.U0004 

36 

43 

1.00004 

0.99996 

0.99994 

1.00006 

34 

44 

1.00006 

0.99994 

0.99991 

1.00008 

33 

45 

1.00009 

0.99991 

0.99988 

1.00012 

32 

46 

1.00012 

a99988 

By  weighing  a  cylinder  of  copper  and  of 
glass  in  water  at  difrerq)t  temperatures,  the 
maximum  density  comes  out  4Cf*  F.  Finally, 
Dr.  Hope  in  1804  published  a  set  of  experi- 
ments  ui  the  Edin.  Philos.  Trans,  in  which 


the  complication  introduced  into  the  quei- 
tion  by  the  expansion  of  solids,  is  very  philo- 
sophically removed.  He  shows  that  water 
exposed  in  tail  cylindrical  vessels,  to  a  frerr- 
ing  atmosphere,  precipitates  to  the  bottom  itt 
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edder  partideB,  till  tlw  temperataie  of  the 
Unas  ti&ks  to  89.5^  F.,  after  whidi  the  ooUer 
ptitideB  are  found  at  the  suifiioe.  He  varied 
the  form  of  the  expodment  by  afiplyiDga  zooa 
of  ioe  round  ibe  top,  middle,  and  bottom  of 
the  cylinder! ;  and  in  each  caae^  delicate  thcr- 
mometera  placed  at  the  surface  and  bottom  of 
the  water,  indicated  that  the  temperature 
39.6*,  eoindded  with  the  maximum  density. 
We  nay  therefore  rcgaid  the  point  of  40^, 
adopted  by  the  Fnoekk  in  eettling  their  stan- 
dara  of  weights  and  measures,  as  sufficiently 
cxacC 

The  force  with  which  solids  and  Uqnlds 
expud  or  contract  by  heat  and  cold,  is  so 
prodigiously  great  as  to  overcome  the  strongest 
obstadea.  Some  years  ago  it  was  observed  at 
the  CotueroaUnre  det  arts  et  metUrt  at  Paris, 
that  the  two  side  walls  of  a  gallery  were  re- 
ceding from  eadi  other,  being  nressed  out- 
waida  by  the  weight  of  the  roof  and  floors. 
Several  holes  were  made  in  each  of  the  walls, 
<ippastte  to  one  another,  and  at  equal  dis- 
tances, through  which  strong  iron  bars  were 
introduced  so  as  to  traverse  the  chamber. 
Their  ends  outside  of  the  wall  were  foroished 
with  tiucfc  iron  discs,  firmly  screwed  on. 
These  were  sufficient  to  retain  the  walls  In 
their  actual  position.  But  to  bring  them 
oearer  togetlier  would  have  surpassed  every 
eflbrt  of  human  strength.  AH  the  alternate 
ban  of  the  scries  were  now  heated  at  once  by 
lamps,  in  consequence  of  which  they  were 
ckxigaied.  The  exterior  discs  being  thus 
freed  from  contact  of  the  waUs,  permitted 
them  to  be  advanced  forther,  on  the  screwed 
Olds  of  the  bars.  On  removing  the  lamps, 
die  bars  cooled,  oontiacted,  and  drew  in  the 
uppoeite  waOs.  The  other  bars  became  in 
consequence  loose  at  thehr  extrenuties,  and 
permitted  thehr  end  plates  to  be  further  screwed 
«<  The  first  series  of  bars  bemg  again 
iMated,  the  above  process  was  repeated  in  each 
ef  its  steps.  By  a  succession  of  these  experi- 
ments they  restored  the  walls  to  the  perpendi- 
cnlar  position;  and  could  easily  have  reversed 
their  curvamre  inwards,  if  they  had  chosen. 
The  gaDery  still  exists  with  iu  bars,  to  attest 
the  ingenuity  of  its  preserver  M.  Mohud. 

^  Of  the  chamge  of  state  produced  in 
Miet  by  cahria,  htdependent  of  change  of 
cMipanHoK.  The  duee  forms  of  matter,  the 
•obd,  liquid,  and  gaseous,  seem  immediately 
KftraUe  to  the  power  of  heat,  modifying, 
Uaochig,  or  subduing  cohesive  attraction. 
In  die  anide  Bkmpipe  we  have  shown,  that 
evoy  scdid  may  be  liquefied,  and  many  of 
tbem,  as  well  as  all  liquids,  may  be  vaporized 
•t  a  certain  elevation  of  tempenture.  And 
coDverwly,  almost  every  known  liquid  may  be 
solidified  by  the  reduction  of  its  temperature. 
If  ve  have  not  hitherto  been  able  to  convert 
the  air  and  all  other  elastic  fiuids  into  liquids 
or  Sfliids,  it  is  pvobaUy  owmg  to  the  limited 
power  we  possess  over  theimometrlc  depres- 


sion. But  we  know,  that  many  gases  may 
be  liquefied  by  mechanical  ^iproximation  of 
their  dastic  particles,  as  also  by  cold,  which 
must  convmce  us  that  their  gaieity  is  hitl. 
matdy  dependent  on  die  operation  of  that  re- 
pulsive  power. 

Sulphuric  ether,  always  a  Hquid  in  our  cH- 
mate,  if  exposed  to  the  rigoun  of  a  Siberian 
winter,  would  become  a  solid,  and,  transported 
to  the  torrid  sane,  would  form'  a  perroanoit 
gas.  The  same  transitions  are  familiar  to  us 
with  regard  to  water,  only  its  vaporixing  point, 
being  much  higher,  leads  us  at  Ont  to  suppose 
steam  an  uimatural  condition.  But  by  general- 
izmg  our  ideas,  we  learn  that  there  is  really 
no  state  of  bodies  which  can  be  called  more 
natural  than  another.  Solidity,  liquidity,  the 
state  of  vapours  and  gases,  are  only  accidents 
connected  with  a  particular  level  of  tempera- 
ture. If  we  pass  the  easily  condensed  vapour 
of  nitric  add  through  a  red-hot  glass  tube,  we 
shall  convert  it  into  gases  which  are  inconden. 
sable  by  any  degree  of  cold  which  we  can  com. 
mand.  The  particles  which  formed  the  liquid 
can  no  longer  join  together  to  reproduce  it,  be- 
cause  their  distances  are  chan^,  and  widi 
these  have  also  changed  the  redprocal  attrac- 
tions which  united  them. 

Were  our  planet  removed  much  further 
from  the  sun,  liquids  and  gases  would  solidify ; 
were  it  brought  nearer  that  luminary,  the 
bodies  which  appear  to  Ub  the  most  solid,  would 
be  reduced  into  thin  invisible  air.  We  see  then 
that  the  principle  of  heat,  whatever  it  may  be, 
whether  matter  or  quality,  separates  the  parti- 
cles of  bodies  when  its  energy  augments,  and 
aufien  them  to  approach  when  its  power  is  en  - 
feebled.  By  extoiding  this  view,  it  has  been 
drawn  into  a  genend  conclusion,  that  this  prin- 
ciple  was  itsdf  the  fbr^  which  maintams  the 
partides  of  bodies  m  equUihrio  against  the 
effiirt  of  their  reciprocal  attraction,  which  tends 
continually  to  bring  them  together.  But  al. 
though  tlds  oondusion  be  extremdy  probable, 
we  must  remember  that  it  is  hypothetical,  and 
goes  further  than  the  facts.  We  see  that  the 
force  wlbich  balances  attraction  in  bodies  may 
be  favoured  or  opposed  by  the  prindple  oif 
heat,  but  this  does  not  necessarily  prove  that 
these  forces  are  of  the  same  nature. 

The  instant  of  equilibrium  which  separates 
the  solid  from  the  liquid  state,  deserves  oonsi- 
dention.  M^tever  may  be  the  cause  and  law 
of  the  attractions  which  the  particles  exerdse 
on  one  another,  the  effect  which  results  ought 
to  be  modified  by  thdr  forms.  When  all  the 
other  qualities  are  equal,  a  particle  which  may 
be  cylindrical,  for  example,  will  not  exennse 
the  same  attraction  as  a  sphere,  on  a  point 
placed  at  an  equal  distance  from  its  centre  of 
gravity.  Thus,  in  the  law  of  cdestial  gravi- 
tation, the  attraction  of  an  ellipsoid  on  an  ex. 
tenor  pohit  will  be  stronger  in  the  direction  of 
its  smaller  than  in  that  of  its  larger  axis,  at 
the  same  distance  from  its  suitiice.    Now, 
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vhfttevei  be  the  law  of  atumcdoos  whkh  holcte 
together  the  particks  of  bodies,  liniilar  differ. 
ences  miut  exisL  These  particles  must  be 
ttttncted  more  stronglf  by  certain  sides  than 
by  others  Thence  must  result  differences  in 
the  manner  of  their  arrangement,  when  they 
an  sufficiently  approximated  for  their  attrac- 
tions to  oyercome  the  repulsive  power.  This 
explains  td  us  in  a  very  probable  manner,  the 
regular  crystallizatioD  which  most  solid  bodies 
assume,  when  they  concrete  undisturbed.  We 
may  easily  conceive  how  the  dlSerent  substance 
of  the  particlo,  as  well  as  their  diifaent  forms, 
may  produce  in  crystals  all  the  varieties  which 
we  observe. 

The  system  of  the  world  presents  raagniA. 
cent  effects  of  this  attraction  dependent  on 
figure.  Such  are  the  phenomena  of  nutation 
anid  the  precession  of  the  equinoxes,  produced 
by  the  attracdona  of  the  sun  and  moon  on  the 
flattened  spheroid  of  the  earth.  These  sublime 
phenomena  would  not  have  existed  had  the 
earth  been  a  sphere :  they  are  connected  with 
its  oblateness  and  rotation,  in  a  manner  which 
may  be  mathematically  deduced,  and  subjected 
to  calculation. 

But  the  investigation  shows,  that  this  part 
of  the  attraction  dependent  on  figure,  decnases 
move  rapidly  than  the  principd  force.  The 
latter  diminishes  as  the  square  of  the  distance ; 
the  part  dependent  on  figure  diminishes  as  the 
eube  of  the  distance.  Thus  also,  in  the  attrac- 
tions which  hold  the  parts  of  bodies  united,  we 
ought  to  expect  an  analogous  difference  to  oc- 
cur. Hence  the  force  of  crystallisation  may  be 
subdued,  befoie  the  principal  attraetive  force  is 
overcome.  When  the  particles  are  brooght  to 
this  distance,  they  will  be  indifferent  to  all  the 
positions  wlUch  they  can  assume  round  their 
centre  of  gravity ;  this  will  constitute  the  liquid 
condition.  Suppose  now  that  the  temperature 
falling,  the  particles  approach  slowly  to  each 
other,  and  tend  to  soUdify  anew ;  then  the 
fiocces  dependent  on  their  figure  wiU  come 
again  into  phiy,  and  in  proportion  as  they  in- 
crease, the  paliticlet  sokcited  by  these  forces 
will  take  movements  round  their  centres  of 
gravity.  Thcnr  will  turn  towards  each  otbes 
then:  faces  of  greatest  attraction,  to  arrive 
finally  at  the  positions  which  thcsr  crystalliza- 
tioB  demands.  Now.  according  to  Uie  figure 
of  the  partides,  we  may  conceive  that  these 
BBOvements  may  react  on  their  centre  of  gra- 
vity,  and  cause  them  to  approach  or  recede 
gradually  from  each  other,  tUTthey  finally  give 
to  their  assemblage  the  volume  due  to  the 
■olid  Mate ;  a  volume  which  in  certain  cases 
may  be  greater,  and  in  others  smaller,  than 
that  which  they  occupied  as  liquids.  Thoe 
mechanical  considerations  thus  explain,  in  the 
most  probable  and  satisfactory  manner,  the 
dilatations  and  contractions  of  an  irregular 
kind,  which  certain  liquids,  such  as  water  and 
mercury,  experience  on  approaching  the  term 
of  their  congelation.    Having  given  these  ge^ 


neral  viewa,  we  may  now  content  onneifei 
with  stating  the  facts  as  DMich  as  possible  in  a 
tabular  form. 

TABLE  of  ^  Coneretimg  or  Congealing 
Temperatures  ofvati/mt  lAqmdt  fty  Fah- 
rewheit's  Scale, 


Sulphuric  ether. 
Liquid  ammonia. 
Nitric  acid,  sp.  gr. 
Sulphuric  add,  sp.  gr. 
Mercury 

Nitric  arid,  sp.  gr. 
Sulphuric  add. 
Nitric  add, 
Do.  Do. 

Do. 


—  4©> 

—  46 
1.424    _45.5 
1.6415—45 

—  39 
1.047    —  3ai 
l.a064  ~  2<i 
1.3880—  l&l 
1.2583  —  17.7 

Do.  Do.        .         1.3290  —  2.4 

Brandy,  .  .  —  7.0 

Sulphuric  acid,        .  1.8376+1 

Pure  prussic  acid,  .  .  4  to  5 

Common  salt,  25  +  water  7^  4 

Do.        22.2  -f  do.     77.3  7.2 

Sal  ammoniac,  20  4-  do.     80  8 

C.  Salt,  20  +  do.     80  9.5 

Do.  16.1  -f  do.     83.9  13^ 

Oil  of  turpentine,  .  14 

Strong  wines,  ...  20 

Rochelle  salt,  50  +  water  50  21 

C.  Salt,  10  -h  dot    90  21.5 

Oil  of  bergamott  ...  23 
Blood,  ...  25 

C.  Salt,        6.25  +  water  93.75        25.5 
£ps.  salts,  41.6    +  do.    58.4  25.5 

Nitre,         12.6    +  do.    87-5  26 

C.  Sal^       4.16  +  do.    95.84        27.5 
Copperas,  41.6    +  dot    58.4  28 

Vinegar  ...         28 

Sul.of  zinc,  53.3    +  do.    46-7  2a6 

Milk,  ...  30 

Water,  ...  32 

Olive  oil,  ...  36 

Sidphur  and  phosphorus,  equal  parts,  40 
Sulphuric  add,  vp.  gr.  1.741  42 

Do.         Do.  I.78O  46 

Oil  of  anise,  ...        50 

Concentrated  acetic  add,  50 

TaUow,  Dr.  Thomson,  9*2 

Phosphorus,  ...  108 
Stearin  irom  hog's  lard,  109 

Spermaceti,         ...  112 

Tallow,  Nicholson,  .  .  127 
Margaricacid,  ...  134 
Potassium,  .         .  .  136-4 

Yellow  wax,.         ...  142 

Da      Do.  .  .  .        149 

White  wax,  .  .  15i^ 

Sodium,         ...  194 

Sulphur,  Dr.  Thomson,  .  218 

Do.      Dr.  Hope,        .  234 

Tin,  .  .  .  442 

Bismuth,  ...  476 
Lead,  .  .  612 

Zinc,  by  Su-  H.  Davy,  .  680 

Da  Brogniart,  •  .  698 
Antimony,  .  .         .  809? 
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See  Ptk^wetkb.  In  bigher  heatt* 
Thft  Mlidifying  tempeiatuze  of  the  bodies 
ateie  teDow,  im  th«  taUci  Is  ususlly  caUei 
ilMir  ftwring  or  €oiiaea]liig  point;  and  of 
taJhwttidiikt  bodies  bdow  it,  the  fusing  or 
mekiDg  point.  Now,  though  these  tempeta* 
tiiMi  be  stated,  opposite  to  some  of  the  articUs, 
tofracUmuoiA  theimoaietiic  degree^  it  must 
be  observed,  that  various  dicumstsnces  modi^ 
the  coneietiBg  point  of  the  Hquids,  tfaroogh 
several  dc|prees;  but  the  ^'J^s^  points  of 
Ae  same  bodies,  when  once  MJidified,  are  uni^ 
fimn  and  fixed  to  the  pieoeding   tempenp> 


T%6  BNliniinary  lemarks  which  we  ofiered 
OD  ie  wes  ooBcemed  in  the  tiansition  from 
Uqaiditf  to  soladi^,  wiU  in  some  measure  ez- 
pmn  tfaeae  variations ;  and  we  thall  now  illus. 
CsBte  tham  bf  some  instiuctive  examples. 

If  we  ffl  a  nanow-mouthed  matiass  with 
KMvly  distUlsd  water,  and  expose  it  very  gi». 
cSualfy  10  a  temperature  oonsiderabljr  bdow 
33*,  the  ]if  aid  water  will  be  observed,  by  the 
thermometer  left  in  it,  to  have  rank  10  or  1 1 
dsgnue  below  it*  usual  point  of  ooogelatioa 
M.  Gay  Iiiiinar.  by  covering  the  suiiboe  of 
the  water  with  oQ,  has  caus^  it  to  cool  21^ 
degrees  Fahr.  below  tfaeosdhjaxy  fieexing  tem- 
poalassi  lu  volume  at  the  same  tune  ex- 
pended as  much  as  if  it  bad  been  heated  21^ 
d^pees  above  82*.  According  to  Sir  Charles 
Blsgdctt)  to  whom  the  first  of  these  two  ob« 
■atatieiia  beloDga,  its  dilatation  may  amoont 
10  l-7th  of  the  total  enlaigement  which  it  le- 
ceiias  by  sdidifyiii^.  Absohite  repose  of  the 
liqaid  pastidaa  it  not  necessary  to  ensure  the 
sbow  phenomenon,  ibr  Sir  Charles  stirred 
wstar  at  21*  widioat  caushig  it  to  freen,  but 
^  least  vibcstkm  of  their  mass,  or  the  appll. 
catiso  of  icy  spicnla,  by  the  atmosphere,  or 
dw  handy  detannfaias  an  instantaneous  con. 


Wo 

the 

its 
cooling 


ty  icmaik  hen,  that  the  dilatation  of 
incnaaing  as  it  cods,  but  to  a  leas 
dian  when  k  concretes,  is  a  proof  that 
litasDt  partidHti  hi  obedience  to  the 
pneess,  ton  their  polei  more  and 
sds  Um  position  of  the  maximum 
whidi  constitutes  their  solid  state, 
mi^  be  determined  instan- 
tfae  loady  ftnned  aqueous  solid, 
of  which  presentmc  thomselves 
of  tfaoliqoid^  by  tharsi£s  of  greatest 
wHl  oompd  thm  totom  into  shnilai 
Then  the  partkles  of  the  liquid  first 
win  act  «n  their  nei|^baurs  Uke  the 
crystal,  and  thus  fimn*  point  to  point 
It  wm  be  impagated  tluougb  the 
ttllaUbeooogealed.  The  vibn. 
It  aoii  bv  throwing  the  particlea 
fiivouabls  fat  thnr  mutual  au 


The  vsry  saBoa  phanomeBa  occur  with  ea» 
Bas  solutkNUw  If  a  hot  saturated  aoiution  of 
Qlaabsr's  salt  be  ooolsd  to  50»  under  sr  fiha 


of  oil,  it  will  remain  liquid,  and  will  bear  to 
be  moved  about  in  the  hand  without  any 
change ;  but  if  the  phial  containing  it  be 
placed  on  a  vibrating  table,  oystalliiation  wiH 
instantly  take  phw^e.  In  a  paper  on  saline 
crystallization  which  I  published  in  the  9th 
number  of  the  Journal  of  Science,  I  gave  the 
following  illustration  of  the  above  phenomenik 
"  The  effect  of  mechanical  disturbance  in  de- 
teradning  crystalliuttioD,  is  illustrated  by  the 
symmetrical  disposition  of  parddesofdustand 
iron,  by  dectricity  and  magnetum.  Strew  these 
upon  a  plane,  and  present  msgnetic  and  elee» 
trie  forces  at  a  certain  distance  £mi  it,  noefieot 
will  be  produced.  Communicate  to  the  plane 
a  vibmtmg  movement;  the  pairttdea  at  the 
instant  of  being  liberated  from  the  friction  of 
the  surface,  wUl  arrange  themselves  according 
to  the  laws  of  their  respective  magnetic  or 
dectric  attractions.  The  water  of  sdution  in 
counteracting  solidity,  not  only  removes  five 
particles  to  distances  beyond  the  sphere  of 
mutud  attraction,  but  probably  also  inverts 
their  attracting  poles."  Perhaps  the  tsim 
avert  would  be  more  appropriate  to  liquidity, 
to  denote  an  obliquity  d  direction  in  the  aU 
tracting  poles;  and  revert  might  be  applied 
to  gasdty,  when  a  repulsive  state  succeeds  to 
the  feebly  atttactive  powers  of  liquid  partideSL 
The  above  table  presents  some  interesting 
particulais  rdative  to  the  adds.  I  have  ex- 
pressed their  strengths,  by  specific  gravitv, 
from  my  tables  of  Sue  adds,  instead  of  by  the 
quantity  of  marble  which  1000  grdns  of  them 
could  dissolve,  in  the  original  statement  of  Mr. 
Cavendish.  Under  the  heads  of  Acid  (Ni. 
TBic)  and  Eaniv ALEUT,  some  observations 
will  be  foimd  on  these  peculiarities  with  re* 
gard  to  congeUtion.  We  see  that  common 
salt  possesses  die  greatest  efficacy  in  coon- 
teractmg  the  oongehition  of  water ;  and  next 
to  it,  sal  ammoniac.    Ur.  Grighton,  of  Olas- 

Ew,  whoso  aocnracy  of  observation  is  well 
own,  has  remarked,  that  when  a  mass  of 
mdted  bismuth  cods  in  the  air,  ita  tempera>> 
ture  fidh  regularly  to  408**,  from  which  term 
it  however  instantly  springs  up  to  476^9  at 
wfaioh  point  it  remains  till  the  whole  be  con* 
solidated.  Tin  in  like  manner  sinks  and  then 
rises  4  degrees;  whfle  mdled lead, in  oodii%, 
becomes  statkmary  whenever  it  descends  to 
912*.  We  ehafl  presenter  find  the  pitobaUe 
cauae  of  these  curious  phenomena. 

Wsier,  all  cryatallissble  sdutions,  and  the 
metala,  biemuth,  and  antimony,  expand  in 
volnme,  at  the  faistant  of  sdidiiication.  The 
greatest  obstacles  cannot  resist  the  exertion  of 
this  expandve  foKC.  Thus  glass  bottks, 
trunks  of  tfees,  iron  and  lead  pipca,  even 
nsonntain  locfcs,  are  burst  b^  the  dilatation  of 
atm  watef  in  thdr  oavities,  when  it  is  converted 
into  ie&  In  tlie  some  way  our  pavements  are 
saiaed  m  winter.  Major' Williams,  of  Quebec, 
bttrst  bombs,  whkdi  were  fi&ed  with  water  and 
phigged  up,  by  expoBing  thenl  to  a  frtexing 
T  2 
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cold.  The  beneficial  operation  of  this  ckxue 
ia  exemplified  in  the  comminution  or  loo^n- 
ing  the  texture  of  dense  clay  soils,  by  the 
winter's  frost,  whereby  the  delicate  fibres  of 
plants  can  easily  penetrate  them. 

There  is  an  important  circumstance  occurs 
in  the  preceding  experiments  on  the  sudden 
congelation  of  a  body  kept  liquid  below  its 
usual  congealing  temperature,  to  which  we 
must  now  advert.  The  mass,  at  the  moment 
its  crystallization  commences,  rises  in  tempe- 
rature to  the  term  marked  in  the  preceding 
table,  whatever  number  of  degrees  it  may  have 
previously  sunk  below  it  Suppose  a  globe  of 
water  suspended  in  an  atmosphere  at  21°  F. ; 
the  liquicl  will  cool  and  remain  stationaiy  at 
this  temperature,  till  vibration  of  the  venel, 
or  contact  of  a  spicula  of  ice,  determines  its 
concretion,  when  it  instantly  becomes  11  de- 
grees hotter  than  the  surrounding  medium. 
We  owe  the  explanation  of  this  fact,  and  its 
extension  to  many  analogous  chemical  phe. 
nomena,  to  the  sagacity  of  Dr.  Black.  His 
truly  philosophical  mind  was  particularly 
struck  by  the  slomaess  with  wliich  a  mass  oif 
ice  liquefies  when  placed  in  a  genial  atmo- 
sphere. A  lump  of  ice  at  229  freely  suspended 
in  a  room  heated  to  50^  which  will  rise  to  32*^ 
in  5  minutes,  will  take  14  times  5,  or  70  mi- 
nutes, to  melt  into  water,  whose  tenjperature 
will  be  only  32».  Dr.  Black  suspended  in  an 
apartment  two  glass  globules  of  the  same  size 
alongside  of  each  other,  one  of  which  was 
filled  with  ice  at  3*i^  the  other  with  water  at 
33^  In  half  an  hour  the  water  had  risen  to 
40^ ;  but  it  took  10^  hours  to  liquefy  the  ioe 
■  and  heat  the  resulting  water  to  40^  Both 
these  experiments  concur  therefore  in  showing 
that  the  fusion  of  ice  is  accompanied  with  the 
expenditure  of  140  degrees  of  calorific  energy, 
which  have  no  effi^ct  on  the  thermometer.  For 
the  first  experiment  tells  us  that  10  d^rees  of 
heat  entered  the  ice  in  the  space  of  5  minuteSf 
and  yet  14  times  that  period  passed  in  its 
liquefaction.  The  second  experiment  shows 
that  7  degrees  of  heat  entered  the  globes  in 
half  an  hour ;  but  21  half  hours  were  required 
for  the  fusion  of  the  ice,  and  for  heating  of  its 
water  to  40®.  If  from  the  product  of  7  into 
21  =147,  ve  subtract  the  7  degrees  which  the 
water  was  above  33,  we  have  140  as  before. 
But  the  most  simple  and  decisive  experiment 
is  to  mingle  a  pound  of  ice  in  small  fiag- 
ments  wi£  a  pound  of  water  at  172o.  Its 
liqiie&ctionit  instantly  accomplished,  but  the 
tempevature  of  the  mixture  is  only  32o. 
Therefore  140®  of  heat  seem  to  have  disap- 
peared. Had  we  mixed  a  pound  of  ice-cold 
wmttr  with  a  pound  of  water  at  I720,  the  re- 
sulting temperature  would  have  been  102®, 
proving  that  the  70*  which  had  left  the  hotter 
portion,  were  manifestly  transferred  to  that 
which  was  cooler.  The  converse  of  the  pre- 
ceding experimenu  may  also  be  demonstrated ; 
for  on  stispcnding  a  fiask  of  water,  at  35"  for 


example,  in  an  atmosphere  at  20»,  if  it  cool  to 
32<»  in  3  minutes,  it  will  take  140  miimtes^to 
be  converted  into  ice  of  32» ;  because  the  heat 
emanating  at  the  rate  of  1*  per  miirate,  it  wiU 
require  that  time  for  140*  to  escape.  The 
latter  experiment,  however,  from  die  xnftfior 
conducting  power  of  ice,  and  the  uneextainty 
when  all  is  frosen,  is  not  susceptible  of  the 
precision  which  the  one  immediately  pseced- 
ing  admits.  The  tenth  of  140  is  obvioushr 
14;  and  hence  we  may  infer,  that  when  a 
certain  quantity  of  water,  cooled  to  22*,  or 
10*  bdow  32*,  is  suddenly  caused  to  congeal, 
1.14th  of  the  wdeht  will  become  solid. 

We  can  now  understand  how  the  thaw  which 
supervenes  after  an  intense  ftost,  should  sa 
slowly  melt  the  wreaths  of  snow  and  beds  of 
ice,  a  phenomenon  observable  in  diese  lati- 
tudes nroni  the  origin  of  time,  but  whose 
explanation  was  reserved  for  Dr.  Black.  In- 
deed, had  the  transition  of  water  from  its  solid 
into  its  liquid  state  not  been  accompanied  by 
this  great  change  in  its  relation  to  heat,  evtrr 
thaw  would  have  occasioned  a  frightful  Inun- 
dation, and  a  single  night's  frost  woald  hare 
solidified  our  rivers  and  lakes.  Neither  animal 
nor  vegetable  life  could  Iftive  subsisted  under 
such  sudden  and  violent  transitions.  Mr. 
Cavendish,  who  had  discovered  the  above  feet, 
before  he  knew  of  its  being  inculcated  by  Dr. 
Black  in  his  lectures,  states  the  quantity  of 
heat  which  ice  seems  to  absorb  in  its  fusion  to 
be  1 50* ;  Lavoisier  and  Laplace  make  it  1 35* ; 
a  number  probably  correct,  from  the  pair* 
they  took  in  constructing,  on  this  bads,  their 
calorimeter.  The  fixity  of  the  melting  points 
of  bodies  exposed  to  a  strong  heat  need  no 
longer  surprise  i£s;  because  till  the  whole 
mass  be  melted,  the  heat  incessantly  intro- 
duced is  wholly  expended  in  constituting 
liquidity,  without  increamng  (he  tempcraturp. 
We  can  also  comprehend  how  a  liquid  metal, 
a  saline  solution,  or  water,  should  in  the  career 
(^  refrigeration  sink  bdow  the  term  of  it^ 
congelation,  and  suddenly  remount  to  it. 
Those  substances,  in  which  the  attractive  force 
that  reverts  the  poles  into  the  solid  arrange- 
ment acts  most  slowly  or  feebly,  wiD  most 
readily  permit  this  depression  of  temperature, 
before  liquidity  begins  to  ceaae.  Thus  bis- 
muth, a  britde  metal,  takes  8*  of  cooGng 
below  its  melting  point,  to  determine  its 
solidification ;  tin  takes  4* ;  but  lead  passes 
to  readily  into  the  solid  arrangement  that  its 
cooling  is  at  once  arrested  at  its  fusing  tem- 
perature. In  illustration  of  this  statement, 
we  may  remark,  that  the  particles  of  bismudt 
and  tin  lose  thdr  cohesive  attraction  in  a  great 
measure  long  before  they  are  heated  to  the 
melting  point ;  though  lead  continues  lels- 
tively  cohesive  till  it  begins  to  mdt^  Tin 
may  be  easily  pulverized  at  a  moderate  deva- 
tion  of  temperature,  and  bismuth  in  its  cold 
state.  The  instant,  however,  that  these  two 
meuJs,  when  mdted,  begin  to  congeal,  they 
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lue  to  the  pn)|ier  fusing  tempcratuR,  becauie 
the  edflric  of  fiqtiidity  ui  then  disengaged. 

Dn.  Irvine,  father  and  aon,  to  both  of 
whom  the  aoience  of  heat  is  deeply  indebted, 
iovestigated  the  proportion  of  aJoric  diaenw 
gaged  by  several  other  bodies  in  theirpasaags 
Crom  the  liquid  to  the  solid  state,  and  obtained 
the  fioUowiog  results : 


Do  referred  to  the 

•p.  heat  of  water. 

2714 


Caloric  of  liquidity. 
Solpfaur,  14368 

SpennAceCiy         145* 
lead,  .  162-  d-6 

Bees'  wax,  175- 

Zinc,  493.  48-3 

rm,  500'  33- 

Biamoth,  660-  23-26 

The  quantities  in  the  second  ctdumn  are 
the  degrees  hy  which  the  temperatures  of  each 
of  the  bodies,  in  its  solid  state,  would  have 
been  raised  1^  the  heat  disengaged  during  its 
coocretion.  An  exception  must  be  made  for 
wax  and  spennaoeti ;  whidi  are  supposed  to 
be  in  the  fluid  stete,  when  indicating  the 
above  elevation.  Dr>  Black  imagined  that 
the  new  relation  to  heat  which  solids  acquire 
by  Hquefactioo,  was  derived  from  the  absorp- 
tion, and  intimate  combination,  of  a  portioii  of 
that  fluid,  which  thus  employing  alJ  its  re- 
pulsive energies  in  subduing  the  stubbons 
finrce  of  oohesioa,  cessed  to  have  any  ther- 
mometric  tension,  or  to  be  perceptible  to  our 
senses.  He  termed  this  supposed  quantity  of 
calcnc,  their  latent  heat;  a  term  very  conve- 
nient and  proper,  while  we  regard  it  simply  as 
expressing  the  relation  which  the  calorific  agent 
bears  to  ue  same  body  in  its  fluid  and  solid 
states.  To  die  presence  of  a  certain  portion 
of  latent  or  combined  heat  in  sdUdi,  ]>r; 
Black  ascribed  their  peculiar  degrees  of  soft- 
ness, toughness,  malleability.  Thus  we  know 
that  the  condensation  of  a  metal  by  the  ham- 
roer,  or  under  the  die,  never  falls  to  render  it 
brittle,  while,  at  the  same  time,  heat  is  disen- 
gaged. BerUiollet  subjected  equal  pieces  of 
copper  and  silver  to  repeated  strokes  of  a  fly 
presf .  The  elevation  of  their  temperature, 
which  was  considerable  by  the  first  blow,  di- 
raidisbed  greatly  at  each  succeeding  one,  and 
became  insensible  whenever  the  condensation 
of  v(4ume  ceased.  The  copper  sufiered  greatest 
condensation,  and  evolvol  most  heat.  Here 
the  analogy  of  a  sponge,  yielding  its  water  to 
pressure,  haa  been  employed  to  illustrate  the 
nisteriality  of  heat  supposed  dedudble  from 
these  experiments.  But  the  phenomenon  may 
be  reftrrod  to  the  intestine  actions  between  tKe 
ultfanste  particles  which  must  accompany  the 
violent  dislocation  of  their  attracting  poles. 
The  cohesiveness  of  the  metal  is  greatly  im- 

The  enlarged  capacity  for  heat,  to  use  the 
nopnlar  expression,  which  solids  acquire  in 
liquefying,  enables  us  to  understand  and  apply 
the  process  of  artificial  cooling,  by  wliat  are 
oiled  fireesing  mixtures.    When  two  solids, 


such  as  ice  and  salt,  bv  their  reciprocal  affinity 
give  birth  to  a  liquid,  then  a  very  great  de« 
mand  for  heat  is  made  on  the  surrounding 
bodies,  or  they  are  powerfully  stripped  of 
their  heat,  and  their  temperature  sinks  of 
course.  Pulverulent  snow  and  salt  mixed  at 
320,  will  produce  a  depression  of  the  ther* 
mometer  plunged  into  them  of  about  38*. 
The  more  rapid  the  liquefaction,  Uie  greater 
the  cold.  Hence  the  paradoxical  experiment 
of  setting  a  pan  on  me  fire  containing  the 
above  freezing  mixture  with  a  small  vessel  of 
water  plunged  into  it.  In  a  few  seconds  the 
water  wiU  be  found  to  be  frozen.  The  solu- 
tion of  all  crystallized  salts  is  attended  with  a 
depression  of  temperature,  which  increases 
generally  with  the  solubility  of  the  salt. 

The  Table  of  Freezing  Mixtures  in  the 
Apfekdix,  presents  a  copious  choice  of  such 
means  of  refiruferation.  £qttal  parts  of  esl 
ammoniac  and  nitre,  in  powder,  fonn  the 
most  convenient  mixture  for  procuring  mo- 
derate refrigeration;  because  the  water  of 
solution  beipg  afterwards  removed  by  evapo- 
ration, the  pulverized  salts  are  equally  effica- 
cious as  at  first  Under  the  articles  Climate, 
CoKOELATioy,  Tempehatu&e,  Tuer- 
MOMETEB,  and  Water,  some  additional 
facts  will  be  found  on  the  present  subject 

But  the  diminution  of  temperature  by 
liquefaction  is  not  confined  to  saline  bodies. 
When  a  solid  amalpim  of  bismuth,  and  a 
solid  amalgam  of  l^id,  are  mixed  togciher, 
they  become  fluid,  and  the  thermometer  sinks 
during  the  time  of  their  action. 

According  to  Dobereiner,  if  118  grains  of 
tin  fflings,  ^  of  lead  filings,  sad  284  grains 
of  pulverized  bismuth  (the  constituents  of  his 
fusible  metal),  be  incorporated  in  a  dish  of  ca- 
leodered  paper,  with  161*6  grains  of  mercury, 
tlie  temperature  instantly  sinks  from  66^  to 
14*  .He  thinks  that  it  would  sink  even  so 
low  as  the  freesing  point  of  mercury,  were  tlie 
experiment  performed  in  a  temperature  some- 
what under  32o. 

In  like  manner,  when  816  grains  of  amal- 
gam of  lead  (404  mercury  -f-  412  lead)  were 
mixed  in  a  temperature  of  68o,  with  688 
grains  of  the  anuugam  of  bismuth  (404  mer- 
cury  4-  284  bismuth  X  the  temperature  sud- 
denly fell  to  30O,  and  by  the  addition  of  808 
grains  of  mercury  (also  at  68o),  it  became  aa 
low  as  1 7S  the  total  depresston  being  therefore 
61«.    ^iffiko/P/ii/LN.  S.ix.380. 

The  equilibrium  between  the  attractive  and 
repulsive  forces,  which  constitutes  the  liquid 
condition  of  bodies,  is  totally  subverted  by  a 
definite  devadon  of  temperature,  when  the 
external  compressing  forces  do  not  vary.  The 
transition  from  the  liquid  state  into  that  of 
elastic  fluidity,  is  usually  accompanied  with 
certain  explosive  movements,  termed  ebuUi- 
tion.  The  peculiar  temperature  at  which 
different  liquids  undergo  this  change  is  there- 
fore called  their  boiling  point ;  and  the  resulting 
elastic  fluid  is  termed  a  vapour^  to  distioguibh 
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k  ikoin  a  gOM^  a  subntence  permancotly  ebwlic, 
and  Bet  condensible  as  vimoan  are,  bj  mo- 
deiale  degiees  of  nf rigeration.  It  if  evident 
that  when  die  attiactiTe  forces,  howefer  feeble 
iH  a  liquid,  are  sapplanted  by  strong  lepulrive 
^weia,  the  distances  between  the  paxdclea 
must  be  greatly  enlarged.  Thus  a  cubic  inch 
«f  water  at  40«  beeomes  a  cubic  indi  and 
1.25di  on  the  verge  of  212o,  and  at  812«  it  is 
converted  into  1094  cubic  iacfaea  of  steam. 
The  existence  of  this  steam  indicates  a  balance 
between  its  dastic  force  and  the  pmuieof 
die  atmospheN.  If  the  latter  be  tncreaaed 
bejrond  its  average  quantity  by  natural  or 
artificial  means,  then  the  elastidty  of  die 
■team  will  be  partially  overcome,  and  a  portion 
of  it  will  return  to  die  liquid  condition.  And 
cenvCTsely,  if  die  pfresaure  of  the  air  be  less 
than  its  mean  quantity,  liquids  will  assume 
ttasdc  flui^  by  a  less  intensity  of  cdoiific 
wpuUon,  or  at  a  lower  tbennometiic  tension. 
ProfesMw  Robiaon  performed  aset  of  ingenious 
cxperimeDts,  which  appear  to  pvove,  diatwhen 
die  atmospheric  piessore  Is  wholly  withdmwn, 
that  IB,  in  vaciio,  liquids  become  elastic  fluids 
124»  below  didr  usual  boilhig  points.  Hence 
In  vacM  win  bofl  and  distil  over  at 


ill2«  — 124=880 Fahr.  Thisprincidb  was 
long  ago  employed  by  die  cdebcated  watt  in 
his  leeearehes  on  die  steam-engine,  and  has 
been  recently  applied  in  a  very  ingenious 
way  by  Mr.  Tritton  in  his  patent  still,  (PhU 
Mag.  voL  61.),  and  Mr.  Bany,  in  Ids  eva- 
porator for  vegetaUe  extracts,  (Med.  Qiir. 
Trans,  vol.  10.)  See  AtcoHOi.,  Bwtil- 
LATioK,  Extract. 

On  the  same  principle  of  the  b(Mlhig  vary- 
ing with  the  atmospheric  pressure,  the  Rev. 
Mr.  WoUaston  has  conetnicted  his  beautiful 
thermometric  barometer  for  measuring  heights. 
He  finds  that  a  diiPerence  of  1<»  in  the  boiling 
point  of  water  is  oocasiooed  by  a  difibence  <? 
€•689  of  an  inch  on  the  barometer.  This 
conesponds  to  nearly  620  feet  of  difference  of 
elevation.  By  using  the  judicious  directions 
which  he  has  given,  the  elevation  of  a  place 
may  thus  be  rigorously  determined,  and  widi 
great  convenienoe.  The  whole  apparatus, 
weighing  20  ounces,  packs  in  a  cylindrical  tin 
case,  2  inches  diameter,  and  10  in^es  long. 

When  a  vessel  containing  water  is  plMed 
over  a  flame,  a  Hissing  sound  or  simmering  is 
soon  perceived.  This  is  ascribed  to  die  vibnu 
dons  occasi<med  by  the  successive  vaporizafion 
and  condensadoB  of  the  particles  in  immediate 
eootact  widi  the  bottom  of  die  vcneL  The 
sound  becomes  louder  as  the  liquid  is  heated, 
and  terminates  in  ebuQition.  Thetempefature 
beeomes  now  of  a  sudden  stadonaiy  when  the 
vessel  is  open,  however  n4>idly  it  rose  before, 
and  whatever  force  of  fire  be  applied.  Dr. 
Black  set  a  dn  cup  full  of  water  at  60«»,  on  a 
red  hot  iron  |Jate.  In  four  ndnutes  k  roiched 
the  boiling  point,  and  in  twenty  minutes  it 
•^was  all  boikd  off.  I>^Kmi  60«  Co  212o,  die 
devadon  is  102*;  which  interval,  divided  by 


4,  gives  40t»  of  heat,  whiefa  csilved  the  do 
cup  perminote.  HeBoe90mii)ntes,er6tBiw« 
4mnldplied  into  40|=810t,  witt  snpapit  the 
quandly  of  heat  that  passed  iata  thebothns 
water  to  convert  it  into  avapoor^  But  ilie 
temperatnie  of  diis  is  stiU  only  212*.  Hence^ 
according  to  Black,  diese  810*  ham  been  ex- 
pended solely  in  giving  cbetie  tsnaisn,  oiv 
accor^g  to  Irvine,  in  snppWing  the  tsstly 
increased  capacity  of  the  aeiintm  state ;  and 
thereiMe  they  may  be  denominated  htsBt 
heat,  being  insensible  to  the  diiimaansiii. 
The  mose  exact  experimeata  of  Mr.  Watt 
have  shown,  that  whatever  period  bailgfJ 
for  the  heating  of  a  mass  of  water  ftcm  60*  to 
212<»,  fidraes  this  period  is  requisite  with  a 
uniform  hsat  for  its  total  vaporiiatictt.  Bat 
6  X  1820  =972  =tfae  latest  heat  cf  steam;  a 
Rsolt  which  accords  with  my  expcrimenis 
made  in  a  diUftrait  way,  aa  will  be  pBeaently 
shown.  Every  attentive  opoatsr  most  have 
•beerved  tiie  greater  explosive  violence  and 
apparent  di6kolty  of  the  ehMllitlfln  of  water 
exposed  to  a  similar  heat  in  f^aas,  than  in  me* 
taUicvessds.  M.Gay  LassachasatadieddM 
sabject  with  his  chaiaeterisdc  aagarlty.  He 
disoovcfcd  that  water  boifing  in  a  f^aas  vessd 
has  a  temperatoie  of  2i4JI»,  and  In  a  tin 
vessel  contiguous  to  it,  of  only  212».  A  fow 
particles  of  pounded  glass  thrown  mtotfaa  for. 
mer  vessd,  reduced  the  thennomessr  pT 
in  it  to  212.8,  and  ken  filings  to  218*. 
te  flame  is  withdrawn  forafow  seeoDds  fkom 
nnder  a  glass  vesssl  of  boiling  water,  theebol* 
lltion  wiu  recommence  on  thniwii^  in  a  pfaich 
of  iron  filings. 

Piofcsseii  Munche  and  Omdm  of  Hcsdd- 
beig  have  extended  these  seaeaithcs,  and  gives 
die  curious  rssults  as  to  the  boiling  pointi^ 
expressed  in  thefoUowingiahk:— 


Stibstsnoe  of  the  vcMeh. 

Silves, 

211775*1211.  66<» 

PUdna, 

211775 

210-875 

Copper, 

212.900 

212225 

Tinned  iron, 

213.  24 

211.  68 

Marble, 

212.  10 

211.  86 

Lead, 

212.  45 

211775 

Tm, 

212.    7 

211776 

Pgrcelaifl, 

212.     1 

211.000 

White  g]a«i, 

?12-     7 

212.  00 

QreenglMS, 

213.     8 

213.  35 

Ditto, 

212.     7 

212.  00 

Delftware, 

213.    8 

212.    7 

213.    8 

212.  45 

It  is  difficult  to  xeoaadk  tfasM  variatktf  to 
the  results  of  M.  Oay  Lussac  *'  The  vi^oar 
formed  at  the  suifoce  of  aliquid,'*  he  lensrks, 
^  may  be  ta  g^MUnHo  with  the  atmaqibefie 
pressure ;  whife  the  interior  portion  naay  ac* 
qniia  a  greater  degree  «f  heat  than  dial  or  the 
real  bofing  point,  provided  die  fiaid  be  «• 
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6mAmmvtmli^aiL  beated  altbe  bottOB. 
k  dife  OMS,  the  adlmion  sf  the  fluid  to  the 
voael  nwfbe  oonadeKd  m  analogout  in  its 
aetiaii  to  Tiwidity,  in  nuaag  the  temfenJban 
of  dwUitiao.  Chi  this  pondple  we  explain 
thesuddcn  aints  wbkh  aaaaetkom  take  flaet 
in  the  boiling  of  flnidB.  HiiifreqiuBtlyoccon 
to  m  gnat  degsee  in  diwrtHing  sttl|ihuric  acid, 
by  whidi  the  vetmsLt  are  not  unfnqiu&dy 
bfokon  whentfaeyateofglaee.  Tbisevilniay 
he  efioBlaaUy  obfiated  £r  pBtting  into  the 
mart  flomeanailpicoet  of  platina  wire,  when 
the  sudden  disoq^igemcnt  of  gas  will  be  pie* 
vented,  and  eooeeqaaitly  the  vessda  not  be 
liable  to  be  \m>ka:L''^Aimaks  de  Chimie^ 
Mareh  181&  See  my  xeoHurks  on  this  sub- 
ject under  the  DisT illation  of  Sulfbit- 
aic  Acid,  eztsacted  from  the  Journal  ef 
Seienee,  October  1817*  If  we  throw  a  pieee 
of  paper,  a  enist  of  bread,  or  a  powder,  into 
a  fiquid  digbtly  impregnated  with  carbonic 
■cid,  its  cTDfaitkm.  will  be  dstecmuieda  See 
aome  aaions  obsenratioas  by  M.  Thcnaid 
nndcr  oar  artades  Oztobnizbd  Nitmc 
AcuH  or  OxT<»xyizsD  Watbk.  In  a 
similar  manner,  the  asperities  of  thesuifiusof 
a  gfaas  or  other  TeaHl,  act  like  points  In  dee- 
tridtj  in  throwing  off  gas  or  Taponr  pment  in 
■       idwhiehlt* 


the  liquid 

b  all  the  examples  of  the  preceding  table, 
the  tampentnre  is  greater  at  tiie  bottom  than 
nor  the  suribee  of  die  liquid ;  and  the  ipeeific 
dnfiiisnoBS  nrast  be  ascribed  to  tlie  attractive 
force  of  the  ^wel  to  water,  anditsooDdnetion 
of  heal.  We  most  thns  tty  to  explain  why 
tinned  iron  gives  a  temperatuie  to  boiliog 
wMtar  in  contact  with  it,  1*07  degrees  higher 
tbattdl?er  and  plathia.  Between  water,  and 
iioo,  tin,  or  lead,  there  are  recmrocal  relations 
at  elevated  temperatares,  which  do  not  appa- 
rmtlyezist  with  regard  to  silver  and  platina. 

IC  dement  infbnned  me  in  1821 ,  that  when 
steam,  at  212^  was  made  to  act  op  lugsr,  or 
s  saline  powder,  as  that  of  nitre  or  common 
salt,  a  temperature  was  produced  ooDsiderably 
greater  than  tiie  steam,  snd,  generally  speak- 
ing, equal  to  that  of  a  boiling  hot  saturated 
solntkn  of  the  particular  salt.  *  This  curious 
subject  has  been  recently  investigated  by  Mr. 
Farrsday.  The  simplest  way  of  recognising 
the  above  phenomenon  is,  tohoid  in  the  steam 
issuiBg  from  the  spout  of  a  tea-kettle,  a 
diemiomfiter  bulb,  covered  with  a  little  pow- 
dered sal  smmoniac,  or  nitre.  The  temperatuie 
uidieatedisfipom230*to240».  The  following 
are  the  temperatures  produced  in  this  way,  by 
MDie  substances.  The  first  cohimn  denotes 
die  lemperatoves  obtained  in  the  above  me* 
thod;  the  second,  those  obtained  by  tying  the 
bolb  up  with  the  sabstance  in  a  piece  of 
flsnnel,  or  lint,  and  plunging  it  into  an  atmo- 
sph»s  of  steam : — 

Snkihate  of  magnesia,        218*         214<» 
TMBle  of  pol^  236  230 

Tstatkacid,  226         221 


Sugar,  216>  229* 

Muriate  of  ammonia,  230  227 

Citric  acid,  230  228 

:Nitiie  acid,  232  230 

Nitrate  of  magnesia,  236  236 

Nitrate  of  ammonia,  236  240 

Acetate  of  potssh,  244  258 

Subcarboaate  of  potash,  268  262 

lV>taBh,  300  and  upwards. 

M.  Oay  Lnssac  has  remained,  that  the  tem- 
perature of  vapour  is  that  of  the  hot  solution 
fiom  which  it  rises.  Journal  qf  Science,  m. 
430. 

The  Adlowing  is  a  tabular  view  of  the 
boiling  pointe  by  Fahrenheit's  scale  of  the 
most  important  liquids,  under  a  mean  baro- 
metiical  pressure  of  thirty  inches  :-— 

Boiling  pmnts. 
Ether, sp.gr. 07365 at48o.O.Lus8ac  lOO" 

Carburet  (Kf  sulphur,                  do.  113 
illcobol,  sp.  gr.  0*813         Ure,         173-6 

Nitric  add,        1.500          Dalton,  210 

Water,            ...  212 

Saturated  soL  of  Ohmb.  salt,    Biot,  213| 

Jk>,            do*     sugsroflead,      do.  215| 

Ba                     sea  salt,              do.  224{ 

Muriate  of  Umel-h  water  2      Ure,  230 

Bo.               35*6 -f  do.  64-5       do.  285 

Do.               40-5  4-da60>5       do.  240 

Muriatic  add,  1-094              Dalton,  282 

Do.                 1427                     ^  222 

Do.                 1-047                     do.  222 

Nitric  add,      145                       do.  240 

Dow                 1*42                       do.  248 

Do.                 1-40                       do.  247 

Do.                 1.35                      do.  242 

Dow                 ISO                      do.  286 

Do.                 116                      do.  220 

Rectified  petooleora,                  Ure,  306 

Oil  of  Tinpeotine,                      do.  816 

Sulph.  add,  sp.  gr.  1-30  -f    Dalton,  240 

Da                         1.408             do.  260 

Do.                         1.520              do.  290 

Do.                         1-650              do.  350 

Do.                         1-670             do.  360 

Do.                         1-699             da  374 

Do.                         1-730             do.  301 

Do.                         1780              do.  435 

Do.                         1-810              do.  473 

Dow                         1-819              do.  487 

Do.                        1-827              do.  501 

Do.                         1-833              do.  515 

Do.                         1-842              do.  545 

Do.                         1-847              do.  575 

Do.                         1848              do.  590 

Do.                         1-849              do.  605 

Da                         1-850              do.  620 

Do.                        1-848            Ure,  600 

Phosphorns,  554 

Sulphur,                               .         .  570 

Linseed  oil,     •        .            *         .  640 

Mercury,  (Dulong,  662"),    .         .  656 

These  Uquids  emit  vapours,  whidi,  at  theit 
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KtpeetWe  boHing  points,  balmoe  a  preatDre 
of  tne  atmosphere  equivalent  to  thirty  vertical 
inches  of  mercury.  But  at  inferior  tempcnt- 
tures  they  yield  vapours  of  inferior  dastic 
power.  It  is  thus  that  the  vapour  of  quick- 
silver rises  into  the  vacuum  or  the  barometer 
tube ;  as  is  seen  particularly  in  warm  dimatea, 
by  the  mercurial  dew  on  the  glaaa  at  its  sum* 
mit.  Hence  aqueous  moisture  adhering  to  the 
mercury,  causes  it  to  fall  below  the  true  ba* 
rometer  level,  by  a  quantity  proportional  to 
the  temperature.  The  determination  of  the 
elastic  force  of  vapours,  in  contact  with  their 
respective  liquids,  at  different  temperatures, 
has  been  the  subject  of  many  experiments. 
The  method  of  measuring  their  elasticities, 
described  in  my  paper  on  Heat,  seems  con- 
venient, and  susceptible  of  precision. 

A  glass  tube  about  ^  of  an  inch  internal 
diameter,  and  6  feet  long,  is  sealed  at  one  end, 
and  bent  with  a  round  curvature  in  the  mid- 
dle, into  the  form  of  a  syphon,  with  its  two 
legs  parallel,  and  about  2^  inches  asunder. 
A  rectangular  piece  of  cork  is  adaoted  to  the 
interval  between  the  legs,  and  fixed  firmlv  by 
twine,  about  6  inches  from  the  enda  of  the 
syphon.  Dry  mercury  is  now  introduosd,  so 
as  to  fin  the  sealed  leg,  and  the  bottom  of  the 
curvature.  On  suspending  this  syphon  ba- 
rometer in  a  vertical  direction,  by  the  cork, 
the  level  of  the  meicuiy  will  take  a  positioo 
in  each  of  the  legs,  conesponding  to  thepRs- 
sure  of  the  atmosphere.  The  dSTerence  is  of 
course  the  true  height  of  the  barometer  at  the 
time,  which  may  Im  measured  by  the  implica- 
tion of  a  separate  scale  of  inches  and  tenths. 
Fix  rings  of  fine  platinum  wire  round  the  tube 
at  the  two  levels  of  the  mercury.  Intnduoe 
now  into  the  tube  a  few  drops  of  distilled 
water,  recently  boiled,  and  pass  them  up 
through  the  mercury.  The  vapour  rising 
from  the  water  wiD  depress  the  level  of  the 
mercury  in  the  sealed  leg,  and  raise  it  in  the 
open  1^,  by  a  quantity  equal  in  each  to  one- 
half  of  the  real  depression.  To  measure 
distinctly  this  difference  of  level  with  minute 
accuracy,  would  be  difiicult;  but  the  total 
depression,  which  is  the  quantity  sought,  may 
be  readily  found,  by  pouring  mercury  in  a 
slender  stream  into  the  open  leg,  till  the  surface 
of  the  mercury  in  the  sealed  leg  becomes  once 
more  a  tangent  to  the  platina  ring,  which  is 
shown  by  a  ddicate  film  of  light,  as  in  the 
mountain  barometer.  The  vertical  column  of 
mercury  above  the  lower  initial  level  being 
measured,  it  represents  precisely  the  elastic 
force  of  the  vapour,  since  that  altitude  of 
mercury  was  required  to  overcome  the  elasticity 
of  the  vapour.  The  whole  object  now  is  to 
apply  a  regulated  heat  to  the  upper  portion  of 
the  sealed  leg,  from  an  inch  bdow  the  mer- 
curial level  to  its  summit  This  is  easily  ac- 
complished, by  pabsing  it  through  a  perforated 
cork  into  an  inverted  phial,  5  inches  diameter 
and  7  long,  whose  bottom  has  been  previously 
cracked  oifby  a  hot  iron.    Or  a  phial  may  be 


made  on  parpoM.    Whm  ilwiiftiin^iliig 
cork  is  now  stiona^ypnned  inlitheMidiof 
the  bocda,  it  rencUn  it  peiftct^  water-tkht 
By  inclining  the  syphon,  wenoane  a  liitleof 
the  mercury,  so  that  when  reverted,  the  level 
in  the  lower  leg  may  neatly  ooiacide  intk  the 
ring.    Having  then  suspended  itfanfasver- 
tical  position  from  a  hi^  finunc,  crtbe  naf 
of  an  apartment,  we  inmduce  water  si  3S* 
into  the  cylindrical  ghia  vessel    Win  ki 
central  tube,  aflamat  &e  aide  of  which  Ae  bulb 
ofadelicate  wetmomeler  restSi  Kquirasthe 
tempexanue  of  the  surnmnding  median^  mer- 
cury is  slowly  added  to  the  open  kg,  tffl  the 
primitive  level  is  restored  at  toe  upper  plaiioa 
ring.    The  oolunan of  mercoiy  above thenig 
in  the  open  leg,  ia  equivalent  to  the  forae  of 
aqueous  vapour  at  929,     The  eflbct  of  tows 
temperatures  may  be  examiBed,  by  putting 
saline  freezing  mUtures  in  the  cylinder.    To 
procure  measurea  of  elastic  force  at  higha 
temperatures,  two  fedile  Argand  flames  sie 
madeto  sendupheated  air  on  tlieoppoiiteshiiil- 
ders  of  the  cyunder.  By  adjoatiag  the  Bsbks 


and  agitating  the  liquid,  very  usifonn  t 
tures  noay  be  given  to  the  tube  in  the  axis.  At 
every  d»  or  10»  of  devaiion,  we  makea  messoic- 
ment,  by  pouring  mercury  into  theopcnkg,  tiO 
theptimitive  level  is  restored  in  the odier. 

For  temperatures  above  2I2«,  I  cmpbytbe 
same  plan  of  appaiatiia,  aU^btly  modified. 
The  sealed  leg  of  the  syphonhM  a  lengdi  of 
6  or  7  inches,  iriiile  the  open  kg  is  10  or  13 
feet  long,  secured  hi  thegroove  (tt  a  graduated 
wooden  prism.  The  initiai  level  becomes  212* 
when  the  mercutrin  eachl^  isin  a  horisoofsl 
plsne,  and  the  lieat  is  now  eommunieaied 
through  the  medium  of  oiL  If  the  bendiag 
of  the  tube  be  made  to  an  angfe  of  about  35« 
irom  parallelism  of  the  Iqgs,  a  tobakted  glo- 
bular  receiver  becomes  a  convenient  vessel  (or 
holdmg  the  oil.  The  Uperi^g  cork  tfanogh 
which  the  sealed  end  of  the  syphon  is  passed, 
being  thrust  into  the  tapering  mouth  of  the 
receiver,  remains  perfectly  tig^t  at  sU  higha 
temperatures,  being  progressively  swelled  widi 
the  heat  One  who  has  not  made  so^  trials 
may  be  disposed  to  cavil  at  the  probabk  tight- 
ness of  sodi  a  contrivance ;  but  I  who  ha^e 
used  it  in  experiments  for  noany  months  to^ 
gether,  know  that  only  extreme  awkwardness 
in  the  operator  can  occasion  the  dropping  out 
of  oil  heated  up  to  even  320*  of  Fahrenheit 
The  tubulure  of  the  receiver  admits  die  thcr- 
mometer.  The  Tables  of  Vapour,  in  die  Ap- 
pendix, exhibit  the  results  of  some  carefully 
conducted  experiments.    See  Vapous. 

In  my  attempts  to  find  same  ratio  which 
would  connect  the  above  elasticities  of  aqueois 
vapour  with  the  temperatures,  the  fellowiflg 
rule  occurred  tome : 

^  The  ekstlc  force  at  212*=30  being  di- 
vided  by  1.23,  will  give  the  force  fiir  10* 
bdow;  this  quotient  divided  by  1.24,  will 
give  that  10«  lower,  and  ao  on  progreoively. 
To  obtain  the  forces  above  212%  we  have 
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f  tft  mnlliiplj  90  by  the  nrtio  l.»  kft 

the  Arae  at  2SS»;  4ib  iwodact  by  1.32  fcr 

tiwt  St  SSa*,  thto  Ittt  product  by  liSl  for  the 

foree  at   942^,  and  tfaos  Ibr  eaefa  eooeemye 

intoral  ti  10*  above  the  boiliBg  point.''  The 

foflovibg  modificatiQB  aT  the  nino  rale  gives 

move  aoeante  nmilis.    ^  Let  r  =  Che  mmn 

latio  batwem  that  of  210*  and  the  given  tern- 

peratiune ;  «  =  the  nnmbar  of  tenne  (oMh  of 

lOo)  diatant  ham  SIO;  F=the  dartic  fbne 

of  ateam  in  iocfaei  of  mereniy.    Then  Log.  of 

F  =  Ijog.  8a9:±:aLog.  r;  the podtive sign 

being  uaed  above,  the  ne^a^e  bdow  210».** 

1  have  iavwtigMed  elso  simple  latiot,  which 

cxpvceatlie  eooBcnm  between  ttie  tenpentuie 

and  elaatid^  of  the  vapoon  of  aleohol,  ether, 

pctrofemn,  and  oil  of  tarpentiney  for  which  I 

must  lofer  to  the  paper  itaelt 

xAt-  Mr  •  CiQ^^Mon  of  Sobo  oonunuiiicatsd , 
in  Maich  m»y  to  the  Pbilosopbical  Maga- 
sine,  the  fiaQowiiiff  ingenious  formula  for 
aqoaooB  mspnir.  £et  the  degrees  of  Fahren- 
heit +  II5=:D,  and  the  oonespondmg  ibroe 
of  afteam  In  hidies  of  mcrcary  —  a&  =  h 
Than  I^.  D  —  2.22079  X  6  =  Log.  I. 

£ZAMPLX. 

212*  +8»  =:  297  Log.  s  2.47270 
—  2.22079 


0.24679 

X        e 


Log.  1.47682=29.91=1 
H-0.09 

LicfaetSaoOD 


He  then  gives  a  ntisfoelory  tabular  vi^w  of 
the  near  oorrespoodences  between  the  results 
of  his  fomrala,  and  my  experiments* 

By  determining  experimentally  tlie  volume 
of  Ti^NNir  which  a  given  volume  of  liquid  can 
produce  at  212*,  M.  Ctey  Lussac  has  happily 
solved  ^e  very  difficult  problem  of  the  spe- 
dfic  gravity  of  vapours-  He  took  a  tphenile 
of  thin  glass,  with  a  short  oqiiDary  stem,  and 
of  a  known  weight.  He  filled  it  with  the  pe- 
cnUar  liquid,  hermeticBny  sealed  the  orinDey 
and  weigned  it.  Deducting  from  its  whole 
weight  we  known  weiaht  <^  the  spherule,  he 
knew  the  weight,  and  from  its  wp.  gravity  the 
bulk  of  the  liquid.  He  filled  a  tall  graduated 
glass  receiver,  capable  of  holding  about  three 
pints,  widi  mercury,  inverted  it  in  a  basin, 
and  let  up  the  spherule.  The  receiver  was 
now  surrounded  bv  a  bottomless  cylinder, 
wfaach  rested  at  its  lower  edge  in  the  mercury 
of  the  basin.  The  interval  between  the  two 
cyUoders  was  filled  with  water.  Heat  was 
applied  by  means  of  a  oonvenient  bath,  till  the 
water  and  the  included  mercury  assumed  the 
temperature  of  2129.  The  expansible  liquid 
had  ere  this  burst  the  snherulei  expanded  mto 
vapour,  and  depressea  the  mercury.  The 
height  of  the  quicksilver  colunm  in  the  gra. 
dusted  cylinder  above  the  level  of  the  bttin, 
beiog  observed,  it  was  easy  to  calculate  the 
volume  of  the  incumbent  vapour.  The  quan- 
tity  of  liquid  used  was  always  so  small,  that 
the  whole  of  it  was  converted  into  vapour. 

The  following  exhibits  the  specific  gravities 
as  determined  by  the  above  method : 


Vapour  of  water,         .  0.02349 

Hydroprussic  acid,  0.94760 

AbM>late  alcohol,  1.0050 

Sulphuric  ether,  2.5800 

Hydriodic  ether,  6.4749 

Oil  tof  turpentine,  5.0130 

Carburetofsulphur,  2.6447 

Muriatic  ether,  2.2190 


Spec.  Orar.  Air  at  silo,  %  i       Boiliof;  point,  Fahr. 


Thenaid, 


212*» 
79-7 
173 

96 
148 
316 
116 

52 


Tile  above  specific  gravities  are  estimated 
under  a  barometric  pressure  of  29.92  inches. 

M.  Oay  Lussac  has  remarked,  that  when  a 
Uqad  combination  of  alorfiol  and  water,  or 
alcohol  and  ether,  is  converted  into  vapour  at 
212*  Fahr.  or  100  Cent.,  the  volume  is  ex- 
actly the  sum  of  what  their  separate  volumes 
wo^  have  produced ;  so  that  the  condensa- 
tion by  chemical  action  in  die  liquid  state, 
ceases  to  operate  in  the  gaseous.  An  eoual 
volume  of  carburet  ai  su^hur  and  absolute 
slcohol,  at  thenr  lespeodve  boiling  points  of 
173«  sad  120»,  is  said  to  yield  each  an  equal 
quantity  of  viqMMir  of  tlie  same  density.  A 
more  explicit  statement  has  been  promised,  and 
i»  peiiiaps*  required  on  this  curious  sulTject. 


It  appears,  that  a  volume  of  water  at  4(y 
forms  1694  volumes  of  steam  at  212o.  The 
subsequent  increase  of  the  volume  of  steam, 
and  m  other  vapours,  out  of  the  contact  of 
their  respective  liquids,  we  formerly  stated  to 
be  in  the  ratio  of  the  expansion  of  gases, 
forming  an  addition  to  their  volume  of  3-8ths 
for  every  180^  Fahrenheit.  We  can  now  infer, 
both  from  this  expanxion  of  one  measure  into 
1694,  and  from  the  table  of  the  dastic  forces 
of  steam,  the  explosive  violence  of  this  agent 
at  stiD  higher  temperatures,  and  the  danger  to 
be  apprehended  from  the  introduction  of  water 
into  the  dose  moulds  in  which  melted  metal 
IS  to  be  poured.  Hence,  also,  the  formidable 
accidents  wliidi  have  liappened,  from  a  little 
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ioImriIm,  caHed  candle  bmnba,  exhibit  the 
force  of  steuD  in  a  vevv  etrikiog  manner ;  but 
the  risk  «f  partidea  of  glaas  beng  driten  into 
the  eye,  abrald  came  tbeir  employment  to  be 
aonfioed  to  prudent  expcrimentcra.  Mr.  Watt 
OTtimated  the  voliraiea  of  aieam  reaulting  from 
a  volume  of  wats  at  1800;  and  in  round 
nnnben  at  1788;  nurabeia  differing  litde 
from  the  ahore  determination  of  M.  Gay 
DeeagnlioB*  estimate  of  14000  wm 


M.  le  Baran  Cagniaid  de  la  Tour  hai 
ktdy  described  aevcnl  cuiiinu  frets  conoera- 
aig  the  prodnction  of  t^krus  in  cloae  vessels. 
It  had  been  hitherto  imagined  that  when  a 
liquid  ia  eonfined  m  n  Papin'a  digester,  the 
internal  meesuie  augmenting  widi  the  prassase 
ercntnalfy  pievenla  the  fnrdicr  tzanaition  of 
the  liquid  into  the  aeriibmi  condition.  Itoc 
cuned  to  him  that  there  was  necessarily  a  limit 
to  the  diktation  of  a  voktile  fluid,  beyond 
which  it  would  became  vapour,  notwithatend^ 
ing  the  pressure,  if  the  capacity  of  the  vessel 
would  permit  the  liquid  matter  to  extend  to 
ks  maxnnum  of  dilatation. 

To  ascertain  this  point,  a  certain  quantity 
of  aloohe],  sp.  gr.  0.887,  and  a  sphere  of  silex, 
woe  put  into  a  small  digester,  made  out  of 
the  thick  end  of  a  musket  barrel,  the  liquid 
occupying  the  tiurd  of  the  capacity.  Having 
observed  the  sound  produced  by  the  sphece, 
when  tolled  about  in  the  cold  appavatoa,  it 
was  gradually  heated  tiU  a  point  was  reached 
when  the  ball  seemed  to  bound  from  end  to 
end  of  the  digeater,  as  if  no  liquid  Ifad  been 
present  Tm  effect,  easily  distinguished  by 
holding  the  end  of  the  handle  to  the  ear, 
ceased  on  cooling  the  apparatus,  and  was  re- 
produced on  re-heating  it. 

The  same  experiment  made  with  water 
auooeeded  only  imperfectly,  because  the  high 
temperature  required  interfered  with  the  light- 
ness  of  the  instrument.  But  sulphuric  ether 
and  naphtha  presented  the  same  results  as  al- 
cohol. 

That  the  phenomena  might  be  observed 
with  more  facility,  the  liquids  were  introduced 
into  smaU  tubes  of  glass,  and  hermetically 
sealed.  A  handle  of  glass  was  attached  to 
each  tube.  A  tube  wsa  two  fifUis  filled  with 
alcohol,  and  then  slowly  and  carefully  heated ; 
as  the  liquid  dilated  its  mobility  ioaeaaed, 
and  when  its  vdume  waa  nearly  doubled,  it 
completely  disappeared,  and  became  il  vapour 
so  transparent,  that  the  tube  appeared  quite 
empty.  On  leaving  it  to  cool  tor  a  moment, 
a  very  thick  cloud  formed  in  its  interior,  and 
the  liquid  returned  to  its  first  state.  A  second 
tube,  nearly  half  occupied  by  the  same  fluid, 
gave  a  shnuar  result ;  but  a  third,  containing 
lather  more  than  half,  burst. 

Similar  experiments  made  with  naphtha, 
sp.  gr.  0.807,  and  with  ether,  gave  similar 
MButo.  Ktlier  required  lessKpace  than  naphtha, 


and  nafftitha  leas  than  aioiM,tojtaameva. 
pour;  i^)pcaringto  indicate  that  the  moies 
body  ia  already  dilated,  the  ka  additinol 
voliiine  doca  it  sequiie,  before  it  attains  its 
maximum  of  expansioo. 

In  all  the  above  expermients  dM  air  had 
been  expelled  from  the  tabes ;  bat,  ngmttd 
with  others  in  whiefa  the  ahr  was  IdE^  the  le. 
•alts  were  similar,  and  die  phenflmena  more 
readily  observed,  from  tbe  abaeaee  of  dballi- 
tion. 

A  last  trial  waa  made  with  water  in  a  tnbe 
of  ^aas,  about  one  third  of  ita  capacity  bwig 
occupied  by  the  fluid.  Thia  tube  hut  its 
tranaparency,  and  broke  n  few  instants  after. 
It  appeaia  that  by  n  higph  tempc»tnni>  vaier 
is  able  to  decompose  glaaa,  by  sepanoag  the 
alkali ;  leading  to  the  au{^poaition  that  odnr 
intereMing  chraiical  resolts  nmy  be  obtaioed, 
by  multiplying  theappjicationa  of  this  pncca 
of  decomposition. 

On  carefully  watching  the  tubes  in  whidi 
air  had  been  lefr,  it  waa  remarked  that  tboK 
in  which  the  fluid  had  not  apace  lor  the  max- 
nnum of  dilatation  pneediug  tiie  ooovniao 
into  vi^Kwr,  did  not  alwaya  break  as  looo  as 
the  liquid  appeared  to  fill  the  whole  aosce; 
and  that  the  exploaion  waa  the  bmr  tardyf  at 
the  excess  of  liquid  above  that  required  to  fill 
the  space,  waa  less.  May  not  tnen  the  io- 
frience  be  drawn,  that  liquids  but  little  com- 
prescible  at  low  temperatuxea,  become  modi 
more  so  at  high  tempentuvea  ? 

Alcohol,  naphtha,  and  solphniic  edior,  nib- 
mltted  to  heat  with  presaure,  are  converted  into 
vi^ur  in  a  space  a  little  taote  than  doubk 
that  of  each  liquid. 

An  augmenutioD  of  pressore,  ooeaaiaoed  by 
the  preaence  of  air,  causes  no  obstacle  to  tb« 
evaporation  of  the  liqiud  in  the  aame  space, 
but  only  renders  the  diktatioo  of  the  liquid 
more  r^lar  and  observable. 

Water,  though  susceptible  of  being  reduced 
into  very  compressed  vaponr,  baa  not  yet  been 
submitted  to  p^ect  experiments,  because  of 
the  unperfect  closing  of  the  digester  at  high 
temperatures,  and  also  becauae  of  its  action  on 
glass  tubes. 

M.  Cagniard  de  la  Tour  bent  a  tube  into  a 
syphon,  placed  ether  in  one  lag,  and  separated 
it  from  the  other  leg  containing  air,  by  mer- 
cury ;  both  legs  being  then  sealed,  the  apE»- 
ratua  was  heated,  and  when  the  edi^r  became 
vapour,  the  diminution  m  the  bulk  of  die  air 
was  marked.  In  three  repetitkais  of  the  ex- 
periment 628  parte  became  14.  Kdier  u 
therefore  susceptible  of  being  converted  into 
vapour  in  a  space  leas  than  twice  its  ori^ 
volume,  and  in  this  stale  it  exercises  a  presnirt 
of  between  37  and  38  atmospheres. 

When  alcohol,  qp.  gr.  0.837*  was  lued, 
476  parts  of  air  became  4  ;  and  finm  as  ob- 
servation of  the  volume,  it  waa  ascertainal 
that  alcohol  may  be  reduced  into  vapour,  ia 
a  space  rather  less  than  thzks  ita  origioal  to- 
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s  M  wfakh  these  eflliKti  «0A 
Jk&t  HM  aMcnaiiiecL)  Ivy  Npettdngthe  «zp«ri- 
mmtB  in  HI  oil  bath.  The  ether  leqdnd  « 
tmpentoreofBM^F.;  akohol^tbst  er406»F. 

A  email  quantity  of  entMBate  of  floda  added 
te  4m  water,  pveveBted,  Co  a  eeriehi  degree^ 
te  altenBg  the  ttaiM|iaiency  of  Che  glaiB  tuhca* 
HcBoe  he  wai  enabled  to  ascertain  Ihat  at  a 
teuiyaatuie  not  far  ftom  that  ef  neltiiig  tine, 
water  eoald  be  ceoferted  into  fapoiir,  hi  a 
Ipaee  neaily  ftntr  lisiei  its  original  Yehnne. 
Aimgk$  de  CMmky  zkL  17a 

It  has  been  aheady  mentioned,  that  the 
ealarfe  of  fluidity  hi  itaaniearpaaica  that  ef  an 
eaonl  weight  of  boiUna  water  by  abont  073*. 
Tbia  qaaatity,  er  the  latent  heat  of  aieam,  aa 
k  la  edled,  is  most  eonveniently  detomfaied, 
by  tnoemltdng  a  eertain  weight  ef  it  into  a 
giveD  weight  ef  water,  at  a  hnown  tempentme, 
ana  frett  me  ebserred  defation  tf  tmpemtoie 
in  the  fiqoid  dedneinff  the  heat  etolTed  dnring 
aoadmeariop.  Dr.  Blade,  Mr.  Watt,  La- 
Toisier,  Ooant  Rnmfivdi  dement,  and  De- 
■otmca,  as  wdl  aa  myadf,  have  pabUshed  ol>- 
•erratlone  en  die  tnbject.  ^  In  this  lesearch 
I  employed  a  very  flmideaMWRatiis;  and  with 
profier  managemeat,  I  bokve,  it  is  capable 
ef  fffing  the  absolate  qnaothifls  of  latent  heat 
in  cuMvent  Tapoun,  as  exactly  as  more  refined 
and  eomplicated  mechanisms*  At  any  rate, 
H  will  afiord  oomparatiTe  results  with  grsat 
It  consisted  of  a  glass  retort  of 
dimensions,  with  a  short  neck, 
WBBilid  into  a  globular  recdTcr  of  Tcry  thin 
riass,  and  about  three  inches  in  diameter. 
The  globe  Was  surrounded  with  a  certain  quan- 
ttQr  of  water  at  a  Known  temperature,  con- 
tabied  in  a  glass  basm.  200  grains  of  the 
liquid,  whose  irapour  was  to  be  examined, 
were  introduced  mto  the  retort,  and  rapidly 
distilled  into  die  globe  by  the  heat  of  an 
Aigand  lamp:  The  temperature  of  the  air 
was  4fi^,  that  of  the  water  in  the  basin  ftom 
42*  to  48<»,  and  the  rise  of  teraperatare  oc- 
by  the  condensation  of  the  Tapour 


thitt  of  the 
iem  digfsee.  By  thsae  meai 
munication  of  heat  is  wry  slow  between  bodiss 
which  diflbr  Utde  in tempoaiuie,  Ilbund  that 
the  air  eeuld  escrdae  no  psneptUe  inflnenoe 
on  the  water  in  the  basin  during  the  expert 
meat,  which  was  always  oompleted  in  five  or 
six  minutes.  AthcRnomelerof  greatddieaey 
was  conthinaUy  moifed  tfaroiudi  the  water  1 
and  itsmdications  wen  read  off,  l»y  the  aid  of 
a  lens,  tosmaUftaedmaof  adigN& 

««  In  an  the  early  experiments  of  Dr.  Bkwk 
an  the  latent  heat  of  oemmon  steam,  the  acgket 
of  the  above  psseaations  introdnesd  material 
mon  hito  the  estfaaats.  Hsnoe  that  distin. 
guished  phihMopher  Ibond  the  latent  heat  ef 
ateam  to  be  no  more  than  809^  or  8I0<*.  Mr. 
Watt  aftarwards  detennined  it  mors  nearly  at 
ftom  9MH  to  870O,  Lanrolsier  and  Ludaoe  have 
made  it  1000**,  and  Count  Bamfiad  1040*. 

^  From  the  smsllneis  of  die  retort  in  my 
■Mide  of  proceeding,  the  shortness  of  the  neek, 
and  itt  morough  insertion  into  the  ^be,  we 
prevent  condensation  by  the  air  ia  tnmtUu  ; 
while  the  surface  of  the  globe,  and  the  mass 
of  water  being  great,  idadve  to  the  quantity 
of  vapour  employed,  the  heat  is  entirely  trans. 
fenred  to  the  refrigeratory,  where  it  is  allowed . 
to  remain  without  apparent  diminution  fiw  a 
ftw  minutes. 

"  In  numerous  repetitionB  of  the  same  as* 
periment  the  aoeordances  were  exeellent.  The 
^BDowing  table  eoatams  die  mean  nsttltk  The 
water  in  the  basia  weighed  in  each  ease  32840 
grs.,  and  900  gis.  ef  each  liquid  was  dJadllsd 
over.  The  globe  wae  bald  steadily  in  the 
centre  of  the  globo  by  a  slender  ring  fixed 
round  the  neck."  For  the  arithmetical  re. 
duetiens  I  must  refer  to  the  paper  itsdf.  But 
I  liave  found  since,  that  a  compensation  was 
due  Ibr  the  glass  baski  itself,  which  I  omitted 
by  acddent  to  intiodoee  into  the  arithmedcal 
reductions.  This  would  have  laiscd  the  latent 
heat  of  water  to  very  nevly  1000,  and  that  of 
theother  vapours  in  a  proportional  degree.  I 
now  fflve  die  orighial  table  along  with  a  cor. 
rccted  column : 


Table  qf  Latent  Heat  if  Vapours. 


Corrected  Cdumn. 

VuNMV  of  water,  at  its  boiling  point 

967«             10000 

Alcohol,  sp.  g^  825 
BUiet,  boiUi^  point  U2« 

442                457 
302.4             312.9 

Petroleum          ..... 

177.8              183.8 

Oil  of  turpentine         .        .    '    . 

Nitric  adi  ^  ^  gr.  1.494,  boiling  pdnt  16li« 

177.8              183.8 
532.                550. 

Liquid  amiaoniai  sp.  gr.  0.078 

837.3              8659 

Vinegar,  sp.gr.  1.007         .       .       . 

876.0               903 

^Aquoona  vapour  of  an  dasde  foce  ha. 
the  atmosphffiic  pressure,  has  a  spe. 
pavity  coinuassd  to  air,  by  the  aeeuimte 


f .  Oay  Lusmc,  of  10  to  16. 
For  USa/Hf  oittoxfMma^  let  wscall  the  steam 


of  water  unity,  or  1.00 ;  diea  the  specific  ma- 
vity  of  the  vapour  of  pure  ether  is  4.00,  while 
the  specific  gravity  of  the  vapour  of  absolute 
akohol  is  2.80.  But  the  vapour  of  ether^ 
whflse  boUiug  point  is  not  100%  but  112»,  like 
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Ike  above  ecfaar,  oontiiDi  Mme  akohal; 
irsmiHtacootdiiigljrdliiiiiiiflh  alittkUieipecifie 
gtantfomnberdr  itflyapomw  It  wiJl  then  be- 
come, imtnid  of  4.00,3.65.  AlGohol  of  0.825 
8IK  gr.  oooteins  much  witer ;  ap.  gr.  of  iti  ▼»• 
pour,  2.30.  That  of  water,  as  before  unity, 
1.00.  The  iateittitialiipaoes  In  these  vapoan 
win  therefore  be  inTendy  ae  theee  numben, 
or^forether,^  foK alcohol,  y§7 for  water. 
^^■1^  yir  of  latent  heat  exiatuig  io  ethereal 
▼aponr,  will  occupy  a  proportiooal  apace,  be 
equally  eondenied,  or  poeeesi  the  tame  tcosion 
^'^  viir  ^  alcoholic,  and  y^  in  aqnooofl 
▼apour.  A  email  modification  will  no  doubt 
be  introduced  by  ffae  diflorenoe  of  the  themo- 
metric  tensions,  or  sensible  heats,  under  the 
same  dastac  foree;  Conmion  steam,  foe  ex- 
ample, maybe  eonsidcnd  as  deriving  its  total 
elastic  eoergy  from  the  latent  heat  mukiidied 
into  the  specific  gravity  -(-  the  thcnnometric 


'^  Hence,  the  dasdc  force  of  the  vapours  of 
water,  ether,  and  alcohol,  are  as  follows: — 
E^  =  970  X  1.00  +  212»  =  1 182 

£^  =  302  X  3.55H-  112^  =  1184 

£^  =  440  X  2.30  +  175»  =  1185 

Three  equations,  which  yield,  acoordmg  to  my 

rial  proposition,  equal  quantitjes.  When 
elastic  forces  of  vapours  are  doubled,  or 
when  they  sustain  a  double  pressure*  their  in- 
terstices are  proportionably  diminished.  We 
may  consider  tliem  now,  as  in  the  condition  of 
v^poun  possessed  of  gresler  specific  gravities. 
i|enoe  the  second  portion  of  heat  introduced 
to  give  double  the  elastic  force,  need  not  be 
equal  to  the  first.  In  order  to  produce  the 
double  tension.   . 

«'  This  view  accords  with  the  ezpeinnients 
of  Mr.  Watt,  alluded  to  in  the  beginning  of 
the  memoir.  He  found,  that  the  latentheat 
of  steam  is  less  when  it  is  produced  under  a 
greater  inessure,  or  in  a  more  dense  state; 
and  greater  when  it  is  produced  under  a  less 
pressure,  or  in  a  less  dcaise  statCb  BerthoUet 
thinks  this  fact  so  unaccountable,  that  he  has 
been  willing  to  discard  it  altogether.  Whether 
the  view  I  tuve  just  opened,  of  the  relation 
subsisthig  between  the  elastic  force,  density, 
and  latent  heat  of  different  vapours,  harmonise 
with  chemical  phenomena  in  general,  I  leave 
othcn  to  determine.  It  certainly  agrees  with 
that  tMUMcofifftaUe  fact.  Whatever  be  the  fate 
of  the  general  law  now  respectfully  offered, 
the  statement  of  Mr.  Watt  may  be  implicitly 
received  under  the  sanction  of  his  aokoow. 
ledged  sagacity  and  candour.**  Ure^t  Hcm 
teareha  on  Heaty  pp.  54  and  65. 

M.  Clement  inserted  a  pipe  connected  with 
a  steam  boiler  capable  of  bearing  high  pres- 
sure into  a  given  quantity  of  water  at  a  certain 
tempcraturei  contiuncd  in  a  bucket  He  now 
turned  the  8t<«p.cock  on  the  pipe,  and  allowed 


a  ctrtain  qnantity  of  steam  at  212*  F»  loenisf. 
He  then  noted*  the  incresse  of  tempaature 
which  the  water  bad  received.  He  repeated 
the  experiment;  only  the  etasm  i&  die  boiler 
and  that  which  issued  throng^  the  pipe,  bad 
been  heated  till  its  elasticity  wss  double  of 
that  at  2120.  As  soon  as  the  watt  in  tbe 
bucket  indicated,  by  its  incnoK  of  vobne, 
that  the  same  quantity  of  steam  bed  bem 
condensed  as  in  the  first  experiment,  be  dnt 
tbe  stop*cod[  and  measured  the  tcmpcntme 
of  the  bucket.  He  found  it  to  be  the  isaic  n 
before.  A  diird  experiment  with  stesmhsviog 
an  ebstic  force  equal  to  three  atmosphocs,  was 
next  subjected  to  examinataon;  andbe^wiid 
the  same  result.  Hence  be  infierred  thsteqasl 
weights  of  steam,  incumbent  over  wster,  at 
whosoever  temperature,  contain  the  sasie 
quantity  of  heat;  or,  in  papular  Isagufe, 
Uiat  the  total  heat  of  steam  is  a  oomtant 
quantity:  for,  in  proportion  as  the  seDiible 
heat  augments,  the  latent  or  specific  beat  di. 
minishes.  On  this  proposition  he  hss  founded 
a  luminous  theory  of  steam  engines,  whid^ 
we  hope,  he  will  soon  present  to  the  world  ia 
his  promised  TraU^  dc  ChaJeur, 

As  it  is  the  vastly  greater  relation  tt>  beat 
which  steam  possesses  above  water,  thstmaka 
the  boiling  point  of  that  liquid  so  perfectly 
stationary  in  open  vessels,  over  the  stroogeit 
fires,  we  may  imagine  that  other  vspoun 
which  have  a  smaller  latent  heat,  may  not  be 
Gamble,  by  their  formation,  of  keeping  the 
ebullition  of  their  respecti¥e  liqoida  at  s  uni- 
form temperature.  1  obsenred  this  vsoatioD 
of  the  boiling  point  actually  to  happen  widi 
oil  of  turpentine,  petroleum,  sod  mlpfauric 
acid.  M'hen  these  Uquids  are  healed  biisUy 
in  apothecaries*  phials,  they  rise  20  or  30  di^ 
grees  above  the  ordinary  point  st  which  tbey 
boil  in  hemispherical  capsules.  Beoa,  also, 
their  vapours  being  generated  with  little  beat, 
are  apt  to  rise  with  explosive  violenoei  Oil 
of  turpentine  varies,  moreover,  in  its  boiling 
pomt,  according  to  its  freshness  snd  limpidity. 
It  is  needless,  therefore,  to  nose  an  srgttmcnt 
on  a  couple  of  degrees  of  difi*erence.  But,  in 
Dr.  Munfay*8,  and  all  our  other  chemical  lyi- 
tems  published  prior  to  1817,  660""  «•*  *!^ 
signed  ss  the  boiling  point  of  this  volstile  ou. 
Mr.  Dalt^p's  must  be  excepted,  for  he  uys 
*^  several  authors  have  it,  that  oO  of  tuipentine 
boils  at  500>.  I  do  not  know  how  tbe  mu. 
take  originated,  but  it  boils  below  212*,  oke 
the  rest  of  the  essentisl  oils.*' 

From  the  above  quotation,  it  may  be  in* 
fened,  that  the  conTersion  stall  tempostuns, 
however  low,  of  any  liquid  or  solid  whsterw, 
into  a  vapour,  is  uniformly  accompanied  with 
the  abstraction  of  heat  from  sunounding  bo- 
dies, or  hi  popular  language,  the  productioo 
of  cold;  and  that  the  dcoree of  refiiger^ 
will  be  proportional  to  the  capacity  of  the 
vapour  for  heat,  and  the  mpidity  of  its  fenu- 
The  location  of  this  principle  to 
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the  uses  of  Ufe,  fiist  suggested  hy  1>n.Cii1]ai 
BDd  Blad^  hss  been  imptOYed  and  extended 
bjr  Mr.  Leslie.  We  shall  describe  his  methods 
Older  CovesLATioK. 

It  appean,  moreoiver,  probable,  that  the 
penoanent  gases  hate  the  same  superior  re- 
laticm  tt>  heat  with  die  Tapoan.  Hence,  thdr 
tnnaition  to  the  liouid  or  solid  states  ought  to 
be  attended  with  die  evolution  of  heat  Ae- 
covdis^y,  in  the  eombustioD  of  hydrogen, 
pfaoapborus,  and  metals,  gaseous  matter  is  eo- 
pioasly  fixed ;  to  which  cause  Black  and  La- 
voiaier  ascribed  the  whole  of  the  heat  and  light 
evolved.  We  shall  see,  however,  in  the  artide 
CoMBUSTiOK,  many  difficulties  to  the  adop- 
tiotk  of  diis  plausible  hypothesis.  The  best 
iDusCration  of  the  common  notion  as  to  the 
latent  heat  of  gases,  is  afforded  by  the  oon- 
dc»aod  air  tinder-tube ;  in  which  mechanical 
oovnpiression  appears  to  extrude  from  cold  air, 
its  latent  stores  of  both  heat  and  light.  A 
glaaa  tube,  eight  inches  long,  and  a  half  inch 
wide,  of  uniform  calibre,  shut  at  one  end,  and 
fitted  with  a  short  piston,  is  best  adapted  for 
the  ezhibitioa  of  this  jdeasing  experiment. 
When  the  object,  however,  b  merely  to  kindle 
agaric  tinder,  a  brass  tul>e  8-8ths  wide  and  4^ 
inches  long  will  sufllce.  A  dexterous  con- 
dcnsatlon  of  air  into  1.5th  of  the  volume, 
prodnees  the  heat  of  ignition. 

Under  the  head  of  specific  heat,  it  has  been 
shown  to  diminish  in  a  gas  more  rapidly  than 
die  diminution  of  its  volume ;  and  therefore 
beat  wiU  be  disengaged  by  its  condensation, 
whether  we  regard  the  phenomenon  as  the  ex- 
pulsion of  a  fluid,  or  intense  actions  excited 
the  particles  by  their  violent  approxi- 
The  convene  of  the  above  pheno- 
ls exhibited  on  a  great  scale,  in  the 
Sefaenmitt  mines  of  Hungary.  The  h]rdraulic 
swchine  finr  draining  them  consists  essentially 
ef  two  strong  air-tight  copper  cylinders,  99 
ftet  vertically  distant  from  each  other,  and 
connected  by  a  pipe.  The  uppermost,  which 
is  at  the  month  of  the  pit,  can  be  charged 
with  water  bv  die  pressure  of  a  reservoir, 
elevated  196  feet  above  it.  The  air  suddenly 
dislodged  by  this  vast  hydrostatic  pressure,  is 
cnndetiaed  through  the  pipe,  on  the  surfsce  of 
die  water  standing  in  the  lower  cylinder,  which 
itlbrees  up  a  rising  water-pipe  to  the  surface, 
and  then  ti^  its  pkce.  When  the  stop- 
cocks are  turned  to  recharge  the  tower  cylin- 
der with  water,  the  impriMoed  air  expanding 
to  its  natural  volnm^  absorbs  the  heat  so 
poweifiilly,  as  to  convert  the  drops  of  water 
diat  issae  with  it  into  hail  and  snow.  M. 
Gajf  Lussac  has  latelv  proposed  a  miniature 
amtation  of  this  machine  for  artificial  refri- 
fenttion.  He  exposes  the  small  body  to  be 
cooled  to  a  stream  of  air  escaping  by  a  small 
orifice,  from  a  box  in  whidi  it  had  been  strongly 
eondensed.  In  the  autumn  of  1816,  I  per. 
formed  an  analogous  experiment  in  the  house 
of  M.  Bregnet,  m  Paris.     This  celebrated 


artist  having  presented  me  with  one  of  his  eb' 
gam  metamc  thermometers,  I  immediately 
proposed  to  determine,  by  means  of  it,  the 
heat  first  abstracted,  and  subse^uentH  dUsen- 
gaged  in  the  exhaustion  of  air,  and  its  re- 
admiarion  into  the  receiver  of  an  air-pump. 
MM*  Bregnet  politely  fiivoured  me  with  their 
assistance,  and  the  use  of  their  excellent  sir- 
pump.  Having  enclosed  in  the  receiver  their 
thermometer,  and  a  deUcate  one  by  Crighton, 
which  I  happened  to  hare  with  me,  we  found, 
on  rapidly  exhausting  the  receiver,  that  M. 
Breguet*s  thermometer  indicated  a  refrigera- 
tion of  50*  F.  while  Grighton's  rjnk  only  ?•. 
After  the  two  had  arrived  at  the  same  tem- 
penture,  the  air  was  rapidiv  admitted  into 
the  receiver.  M.  Breguet's  diermometer  now 
rose  60«,  while  Crighton*8  mounted  7«  as  be- 
fore.   8ee  Tuehmoheter. 

Dr.  Darwin  has  ingeniously  explained  the 
production  of  snow  on  the  tops  of  the  highest 
mountains,  by  the  precipitation  of  vapour  from 
the  rarefied  air  which  ascends  tnm  plains  and 
valleys.  *«The  Andes,"  says  Sir  H.  Davy, 
'*  placed  almost  under  the  line,  rise  in  the 
midst  of  burning  sands ;  about  the  middle 
height  is  a  pleasant  and  mild  climate;  the 
summits  are  covered  with  unchanging  snows ; 
and  these  ranges  of  temperature  are  always 
distinct :  the  hot  wmds  nom  below,  if  they 
ascend,  become  cooled  in  consequence  of  ex- 
pansion ;  and  the  cold  air,  if  by  any  force  of 
the  blast  it  is  driven  downwards,  is  condensed, 
and  rendered  warmer  as  it  descends.^' 

Evaporation  and  rarefiution,  die  grand 
means  employed  by  nature  to  temper  the  ex- 
cessive heats  of  the  torrid  zone,  operate  very 
powerfully  among  mountains  and  seas.  But 
die  level  sands  are  devoured  by  umnitigated 
heat  In  milder  dimates,  the  fervours  of  the 
solstitial  sun  are  assusged  by  the  vapours  co- 
piously  rsised  from  every  river  snd  fidd,  while 
the  wintry  cold  is  moderated  by  the  conden- 
sation  of  atmospheric  vapours  in  the  fbrm  of 
snow.  * 

The  equilibrium  of  animal  temperature  is 
maintamed  by  die  copious  discharge  of  va- 
pour firom  the  lungs'  and  the  skin.  The  sup- 
pression  of  this  exhslation  is  a  common  cause 
of  many  formidable  diseases.  Among  these, 
fever  takes  the  lead.  The  ardour  of  the  body 
in  this  case  of  suppressed  perspiration,  some- 
times exceeds  the  standard  of  health  by  six  or 
seven  degrees.  The  direct  and  natural  means 
of  allaying  this  morbid  temperature  were  first 
systematically  enjoined  by  Dr.  Currie  of  Li- 
verpooL  He  showed,  that  the  dashing  or 
affusion  of  cold  water  on  the  skin  of  a  mer 
patient,  has  most  sanitary  effects,  when  die 
heat  is  steadily  above  98o,  and  when  diers  is 
no  sensation'of  chilliness*  anid  no  moisture  on 
the  suiikce.  Topical  refrigeration  is  desandy 
procuKd,  by  applying  a  oieoe  of  muslin  or 
tissue  paper  to  any  part  of  the  skin,  snd  moist- 
enfaig  it  with  ether,  ciffbuiet  of  sulphur,  or 
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aleohol.  By  pouting  a  •uoeeiaon  of  dboyo  of 
ether  on  the  sorface  of  a  thin  glass  tube  coo- 
tainina  water,  a  cylinder  of  ice  may  be  fimned 
at  miosummer.  The  most  oonTCoicnt  plan 
which  the  choniai  can  employ,  to  free  a  gaa 
from  vapour,  it  to  pau  it  clowly  thtoogh  a 
long  tortuooc  tube  wxapt  in  parous  paper 
wetted  with  ether. 

On  the  other  hand,  when  he  wiabes  to  ex- 
poae  hia  vetaek  to  a  regulated  heat,  he  makea 
not  vapour  be  condenaed  on  their  ocdd  lurfafle. 
The  iMat  thus  dtsengagad  from  the  vapour, 
passes  into  the  vessel,  and  speedily  raises  it  to 
«  lemperatttie  which  he  can  adjust  with  the 
nicest  precision.  A  vapour  bath  oug^t  these- 
fiNDs  to  be  provided  for  every  laboratory.  Thai 
which  I  got  constructed  a  few  yean  ago  iam 
the  InstitutioD,  is  ro  simple  and  efficacious  as 
to  merit  a  description.^— A  squaro  tin  box. 
about  18  inches  Irag,  12  broad,  and  6  deep, 
has  its  bottom  hollowed  a  little  by  the  ham- 
mer towards  its  centre,  in  which  a  round  hole 
as  cut  of  B.ve  or  six  inches  diameter.  Into 
this,  a  tin  tabe  three  or  four  inches  long  is 
soldesed.  Thistubeismade  to  fit  tightly  into 
the  mouth  of  a  common  tea»kettk^  which  has 
s  folding  handle.  The  ti^  of  the  box  has  a 
number  of  ciicnlar  holes  eut  into  it,  of  differ. 
«Dt  diameters,  into  which  evaoorating  capsules 
of  platina,  glass,  or  poroelain,  are  placed. 
When  the  kettle,  filled  with  water,  and  with 
its  nocsle  oorked,  is  set  sa  a  stove,  the  vapour, 
playing  on  the  bottoms  of  the  ovules,  heats 
them  to  may  lequixed  temperature ;  and  being 
Btaelf  ootttanually  condensfld,  it  runs  back  into 
the  kettle  to  be  raised  again,  in  ceaseless  oe- 
hobarion.  With  a  shade  above,  to  screen  the 
vapour  chest  from  soot,  the  kettle  mi^  be 
placed  over  a  common  fire.  The  orifices  not 
m  use  ass  closed  with  tin  lids.  In  drying 
oKc^itatsa,  I  cork  up  the  tube  of  the  glaaa 
frmnsl,  and  phu»  it,  with  its  filter,  directly 
into  the  proper  sised  opening.  For  drying 
nd  cabbage,  violet  petaU,  &c.  a  tin  tray  io 
provided,  which  fits  dose  on  the  top  of  the 
iNMEt  within  the  nm  which  goes  about  it.  The 
round  odfices  aro  left  open  when  this  taay  ia 
applied.  Such  a  fimn  of  apparatus  is  weU 
aai^>ted  to  inspissate  the  pasty  mass  from 
which  lossnges  and  troches  aro  to  be  made. 

But  the  most  splendid  trophy  eroded  to 
the  science  of  cshwio,  is  the  •^^v^-rngtM  of 
Watt.  This  iUustrious  philosopher,  from  • 
nustake  of  his  friend  Dr.  Robisoo,  has  been 
hkhertod^ved  of  a  part  of  his  daims  to  the 
admiration  and  gratimde  of  mankind.  The 
fimdamental  lesouches  on  the  constitution  of 
steam,  which  formed  the  solid  basis  of  his 
gigantic  supecstructuse,  thouj^  they  coincided 
pofectly  with  Dr.  ]Uack*s  nsults,  wen  not 
drawn  from  theoft.  In  rome  coovenations 
with  whjdi  this  great  ornament  and  benefactor 
of  hit  country  honoured  me  a  short  period  bo. 
ibro  his  death,  he  dsscribed^  with  deUghtfiil 
nwveUj  the  shnple,  bu^  decisive  experiments, 


by  which  he  £sdov«Md  the  laftnt  heUoT otowti 
die  means  and  his  leisttro  not  then  pamhtiiig 
an  expensive  sod  eomplex  appaiafn^  he  used 
apothecaries*  phials.  With  theas,  he  aacer. 
tained  the  two  main  liMts,  first,  that  n  cvtbic 
inch  of  water  would  form  about  a  oafaie  iboc 
of  ordinary  steam,  or  1728  inches;  and  tfant 
the  condensation  of  that  quantity  of  steam 
would  heat  six  cubic  inches  of  water  frsn  the 
atmos|dieric  temperatoro  to  the  boiling  paint 
Hence  he  saw  that  six  timee  ihe  dilBmnee  of 
tempemtuie,  or  fiUly  9(NH»  of  heat,  hni  beeu 
employed  in  giving  dastidty  to  rtwnp  ;  which 
must  be  all  abetxsoled  before  a  oonplete  va. 
cuum  could  be  procured  under  the  pteon  of 
the  steam-engine.  These  practical  deteSBiina* 
tions  he  afterwards  found  to  ame  jpetty 
nearly  with  the  obsprvntions  of  Dr.  HIadu 
TboiHi^  )f  r.  Watt  was  then  known  to  the 
Doctor,  he  was  not  on  those  tanns  of  intimacy 
with  him  which  he  afterwards  oaflo  to  be,  not 
was  he  a  meooher  of  Ms  dass. 

Mr.  Wattes  three  cnital  impvovancBlsi 
which  seem  to  have  nea^  exhauisted  the  re* 
souroes  of  sdsnoe  and  art,  wero  the  faUowiog; 
1.  The  aepaiate  condensing  diest,  kninene^ 
in  a  body  of  cold  water,  and  eoonectod  nasRly 
by  a  slender  ^pe  with  the  ^eat  cylinder,  in 
which  the  impelling  pftiton  moved.  On  open* 
ing  a  valve  or  stop-cock  of  coaaiBUDieatiott, 
the  elastic  steam  wnich  had  floated  the  pea- 
derous  piston,  rushed  into  the  distant  chest 
with  magical  vdoctty,  leaving  an  ahaoac  per. 
feet  vacuum  in  the  qrlinder,  asto  which  the 
Nston  was  fososd  by  almospberic  pscssufe. 
What  had  appeased  imposaifale  to  all  pvevions 
engineers  was  thus  accoapUshed.  A  vacuum 
was  fimned  without  cooling  the  cylinder  itsdf. 
Thus  it  voooaiaed  boiling  hot,  rsady  the  next 
instant  to  veodvo  and  mafnrain  ^ 
stesm.  2.  His  seoond^mnd  hnprovement  c 
sisted  in  closing  the  oyluiderat  top»  making 
the  piston  rod  I 


through  a  stul&jg  box  in 
the  Ud,  and  causing  the  staam  to  give  die  im* 
pulsive  pressure,  instead  of  (he  atmosphere. 
Henodbith  the  waste  of  heat  waa  gpcndy  ^ 
m^nidted.  3.  The  final  improvement  was  die 
double  impuln,  whsroby  the  pow«r  of  Us  en- 
gines, whidi  was  beforo  sa  ysa^  waa  in  a 
moDsent  mon  than  doubled.  The  osoatS' 
weight  reqniiBd  in  tha  sin^  sooke  angina^  to 
dsprass  the  pump-end  of  the  worUng  bean, 
was  now  Ian  aaideu  He  thus  fioed  the  au^ 
chine  from  a  dead  weioht  or  drag  of  many 
hundred  poundoi  whi(£  had  hung  upon  ii 
from  its  birth,  about  aeventy  veais  ^dona. 

The  application  of  steans  to  heat  i^sannseats, 
is  another  valuable  fruit  of  these  stndiei^ 
Saibt^,  cleanliness,  and  oomftrt,  thna  osou 
bine  m  giving  a  genial  waimth  ftv  eveiy  paiw 
pose  of  private  aooommodation,  oi  puhlie  as- 
nufiwturo.  It  has  been  aaeestained,  diat  one 
ctMe  foot  of  boiler  will  heat  about  f  wo  lAsa- 
tandfiet  of  space  in  a  cotton  miU  v4iose  ave- 
rage heat  is  frwm  70^  te  ST  Fahi»    And  if 
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we  allow  SSoHbicfMtof  AbtOdclioKaboae's 
power  in  a  steam-eDgme  auppiUed  by  it,  Mdi 
a  boiler  would  be  adequate  to  the  wanmng  of 
fifty  thousand  cubic  feet  of  space.  It  hai 
been  idso  ascertained,  that  one  square  foot  o| 
nuftce  of  steam  pipe,  is  adequate  to  the  waim* 
ing  of  two  hundred  cubic  feet  of  spacCi  This 
(|iiantity  is  adapted  to  a  well-finished  ordinary 
brick  or  stone  building.  The  safety  Tahre  on 
the  boiler  should  be  loaded  with  2}-  pounds 
for  an  area  of  a  squaze  inch,  as  is  the  rule  for 
Mr.  Watt*s  cogine^  Cast  iron  pipes  are  pre- 
ferahle  to  all  others  for  the  diffusion  of  heat. 
Freedom  of  expansion  must  be  allowed^  whicb 
in  cast  iron  may  be  taken  at  about  a  tenth  of 
sn  inch  for  every  ten  feet  in  length.  Hie 
pipes  should  be  distributed  within  a  few 
inches  of  the  floor. 

&team  is  now  used  extensiTcly  for  drying 
muslin  and  calicoes.  Large  cylinders  are 
filled  with  it,  which,  diffusing  in  the  apart* 
mant  a  tempcnture  of  1(K^  or  ldO»,  rapidly 
dry  the  snynded  doth.  Occasionally  the 
doth  is  made  to  gjlide  in  a  setpentine  manner 
doaeJj  round  a  series  of  steam  cylinderst  ar« 
ranged  in  paralld  rows.  It  is  thus  safdy  and 
tfaoroiighly  dried  in  the  course  of  a  minute. 
Experience  has  shown,  that  bright  dyed  yaina, 
like  scarlet,  dried  in  a  common  «tov«  heat  of 
128»,  have  their  ooloor  darkened,  and  acquire 
a  haish  fed;  while  similar  hanks,  laid  on  a 
Micam  pqpe  heated  op  to  1G5^,  retain  the  shade 
and  lustre  they  possessed  in  the  wetted  sute. 
The  peopk  who  work  in  steam  drying-Booms 
are  hcbkhy;  those  who  were  fonnerly  enu 
ployed  m  the  stove-heated  apattmenta,  be* 
came  soon  sickly  and  emaciated.  These  in. 
joriooa  sftcts  must  be  ascribed  to  the  adioB 
of  cast  iron  at  a  high  tcnperatnre  on  the  aU 


heatiqg  by  staam  of  large  qoantitici 
ef  water  or  other  liquids,  either  for  baths  or 
mamfurturea,  may  be  eiected  in  two  ways: 
that  is,  the  steam  pipe  may  be  plunged  with 
an  open  end  into  the  water  daleni ;  or  the 
tteam  may  be  diffused  aiound  the  Uquid  in 
die  intcnral  between  the  wooden  vesad  and  an 
interior  metalUc  casew  The  second  mode  is 
of  univenal  imphcabiltty.  Since  a  gallon  of 
waterin  the  form  of  steam  will  heat  6  gallsna 
at  50*,  np  to  the  boiling  point,  or  162*;  1 
gdUm  of  the  fbancr  witt  be  sdeqnate  to  heat 
18  gaUoos  of  the  Utter  up  to  100®,  making  a 
liberal  albwance  for  waste  in  the  condncting 


'  of  fiwd  for  man  and  cattle  ia  like- 
wise another  useful  implication  of  steam; 
^^ftr,**  aaya  Dr.  BhMd^  'Mt  is  the  moat  dfto- 
tod  canier  of  heat  that  can  be  conodved,  and 
wiQdepodt  it  ooly  on  such  bodies  aa  arecddes 
than  boiling  water."  Henoe  in  a  range  of 
pots,  whenever  the  first  has  reached  the  boiU 
ing  point,  hot  no  sooner,  the  sleam  will  go 
onwards  to  the  seooi|d,  then  to  the  third,  and 
thus  in  successicm.    Inspection  of  the  last  will 


of  the  eoadltiflB  of  Ac 
wccedhig  veaids.  Distillation  has  been 
latdy  practised,  by  sunoan^g  the  stiU 
with  a  strong  metdlic  ease,  and  filling  the 
intendce  with  steam  heated  up  to  20O«  or 
280«.  But  notwithstanding  of  safety  vdvew, 
and  evenr  ordinary  attention,  dangerous  ac*- 
plodons  have  happened.  Disdllatiooifi  voaM^', 
by  the  heat  of  extemd  steam  of  ordinary 
strength,  would  be  a  safe  and  degant  proceen 
The  old,  and  probably  very  exact  experiments 
of  Mr.  Watt  on  thia  subject,  do  not  lead  ua^ 
however,  to  expect  any  aaving  of  fud,  merely 
by  the  vacuum  distillation.  «^  The  unex^. 
pected  resalt  o£  these  experiments  is,  that 
there  is  no  advantage  to  be  expected  in  the 
mannfactaie  of  antent  spirlta  by  distiUatien 
Is  vacuo.  For  we  find,  that  the  UUant  heat  of 
the  steam  ia  at  least  as  much  inoeased  as  the 
sensible  heat  is  dhnfaiished."— Dr.  Biaek*$ 
Lectures,  vol.  L  p.  190. 

By  advantage  is  evidently  meant  aaving  of 
fueL  But  hi  preparing  spirits,  ethers,  vine* 
gars,  sad  essentid  oils,  thoe  would  undoubt- 
edly be  a  great  advantage  relative  to  flavour. 
Every  risk  of  em^reuma  is  removed. 

Chambers  filled  with  steam  heated  to  about 
126*  Fahr.  have  been  introduced  widi  advan- 
tage into  medicine^  under  the  name  of  vapour 
biuha.  Dry  air  has  also  been  used.  It  can 
be  tolerated  at  a  much  greater  beat  than  moist 
air;  see  Tzmpeaaturs.  A  large  eradlev 
containing  aaw-dnst  heated  with  steam„  should 
be  km  in  readiness  at  the  houses  erected  by 
the  Humane  Society  fbr  the  rseavevy  of 
drowned  persons ;  or  a  sleam  chamber  might 
be  attached  to  them  fbr  this  poxpose^  as  well 


have  thoa  completed  wlbtt  I 
to  bdong  directly  to  calorie  in  a  dMmicd  die. 
tknary.  Under  olesAoi;  aUraetiom,  bltrnptpe, 
eUmate,  eombuttitn,  eongekiiom,  digeeter,  dif- 
tUloHonf  ekeirieU^,  ga*^  Ught,  pyrometer^ 
thermometer^  waier,  seme  interesting  eonda* 
tiva  fads  will  be  found. 

CALORIMETBR.  An  instrument  con^ 
iBved  by  Lavoisier  and  Layaaee^  to  measure 
the  heat  given  out  by  a  body  in  cooling,  tnm 
the  quantity  of  lea  it  mdt&r  It  consists  of 
three  vessds,  one  ]daced  widdn  the  other,  so 
aa  to  Isave  two  cavities  between  them ;  and  a 
frame  of  iron  network,  to  be  suspended  in  the 
middle  of  the  fainer  vessd.  This  network  is 
to  hold  the  heated  body.  The  two  exterior 
coDcenttic  faitesalices  are  fiBed  wi^  bruised 
ice.  The  outermost  serves  to  screen  tiom  €ht 
atmosphere  the  ice  in  the  middle  space,  by  the 
fosien  of  which  the  beat  ffivea  out  by  the 
ceotial  hot  body  is  mensuied.  The  water  run* 
off  through  the  bottom,  which  terminates  in 
the  sh^M  of  a  fbnnd,  with  a  stop-cock. 

CALP.    An  argillo-ferruginons  limestone. 

CAMBLEON  MINERAL.  When  pure 
potaah  and  black  oxide  of  manganese  are  fused 
ti^her  in  a  crudUa,  a  aopnpound  is  fbmed. 
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y/ihott  aolution  in  water,  at  fhtt  gren,  paaiai 
■poQtaneously  through  the  whole  seriet  of  co- 
loured rays  to  the  nS.  From  tlUs  latter  tbt, 
the  lolatioii  may  be  made  to  retrograde  m 
colour  to  the  ongiiial  greeo,  by  the  additloa 
of  potash ;  or  it  may  be  rendered  altogether 
,  cokwiriess,  by  adding  either  solphuioas  add 
or  chlorine  to  the  solution^  in  which  case  there 
may  or  may  not  be  a  precipitate,  according  to 
circumstances.  MM.  Cherillot  and  Edouard 
have  lately  read  some  interesting  memoiia  on 
this  substance^  before  the  Academy  of  Sciences. 
They  found,  that  when  potash  and  the  green 
onde  of  mu^ganese  were  heated  in  dose  ves- 
ads,  contaiping  aiote,  no  camdeon  is  formed. 
The  same  result  followed  with  the  brown  ox- 
ide,  and  ultimatdy  with  the  blacL  They 
(hoefore  ascribe  the  phenomena  to  the  absorp- 
tion of  oxygen,  which  is  greatest  when  the 
oxide  of  msnganrae  equals  the  potash  in 
weight.  They  regard  it  as  a  manganesiate  of 
potash,  though  they  have  liitherto  failed  in 
their  attempts  to  separate  this  supposed  te- 
troxide,  or  manganesic  add.  When  adds  are 
poured  upon  the  green  camdeon,  or  an  alkali 
upon  the  red,  ibey  are  equally  changed  from 
one  colour  to  the  other;  even  boSiDg  and 
agitation  are  sufficient  to  disengage  the  excess 
of  potash  in  the  green  cameleon,  and  to  change 
it  mto  red.  Many  adds  also,  when  used  in 
excess,  decompose  the  camdeon  entirdy,  by 
taking  the  poiash  from  it,  disengaging  the 
oxygen,  and  predpitating  the  manganfsf  in 
the  state  of  black  oxide-  Sugar,  gums,  and 
aereral  other  subetwces,  capdib  of  taking 
away  the  oxygen,  also  deoompose  the  came- 
leon,  and  an  exposure  to  the  air  likewise  pro- 
duces  the  same  efiect.  Soda,  barytes,  and 
atraotites,  also  afford  peculiar  camdeona.  The 
red  potash  camdeon  is  perfectly  neutraL 
Phosphorus  brought  in  contact  with  it,  pro- 
duces a  detonation ;  and  it  sets  some  other 
combustibles  on  fire.  Exposed  alone  to  heat, 
it  is  resolved  into  oxygen,  black  oxide  of  man- 
^mese,  and  green  cameleon,  or  submangane. 
date  of  potash. 

CAMPEACHY  WOOD.  See  Loo- 
wood. 

CAMPHOR.  TheK  are  two  kinds  grow 
in  the  East,  the  one  produced  in  the  islands 
of  Sumatra  and  Boraeo»  and  die  other  pro- 
duced in  Japan  and  China. 

Camphor  is  extracted  from  the  roots,  wood, 
and  leaves  of  two  spedes  of  laurua,  the  roots 
afibrding  by  fin  the  greatest  abundance.  The 
method  consists  in  distilling  with  water  in 
laige  iron  pota,  serving  as  the  body  of  a  still, 
with  earthen  heads  adapted,  stufied  with 
straw,  and  provided  with  recdvers.  Most  of 
the  camphor  becomes  condensed  in  the  solid 
form  among  the  straw,  and  part  comes  over 
with  the  water. 

The  suUimatwn  of  camphor  is  perfonned 
in  low  ilaUbottamed  glass  veasds  placed  in 
Mnd$  and  the  camphor  beoomes concrete  in  a 


pure  state  against  the  upper  part,  wlieoee  it  is 
afterwards  separated  with  a  knifi^  after  break- 
ing  the  glass.  Lewis  asserts,  that  no  addition 
is  requisite  in  the  purificstion  of  oamphor  ; 
hut  mat  the  chief  point  condsts  in  managini^ 
the  fire,  so  that  the  upper  part  of  die  vosel 
may  be  hot  enough  to  bsike  die  sablimsKte 
togedier  into  a  kind  of  cak&  Chaptal  say«, 
the  Hollanders  mix  an  ounce  of  quieklmie 
with  every  pound  of  eunphor  prevkms  to  the 


Purified  camphor  is  a  white  ooocvetc  cryt- 
talline  substance,  not  britde,  but  easily  cnim. 
bled,  having  a  peculiar  consistence  leacmfaling 
that  of  spermaceti,  but  harder.  It  haa  a  strong 
lively  smell,  and  an  acrid  taste ;  is  ao  volatile 
as  totally  to  exhale  when  left  exposed  in  a 
warm  air;  is  light  enough  to  swim  on  water; 
and  is  very  infinnmable,  burning  with  m.  very 
white  flame  and  smdce^  without  any  red'. 
due. 

The  roots  of  aedoary,  thyme,  roaemaiy, 
sage,  the  inula  hdlenium,  the  ancsnooy,  die 
pasque  flower  or  pulsatilla,  and  oiber  Tegc- 
tables,  affind  camphor  by  distHlatioii.  It  is 
observable,  that  al)  these  pbnta  affiled  a  mudi 
larger  quantity  of  camphor,  when  the  ssp  has 
been  suflTered  to  pass  to  the  concrete  state  by 
several  mondis*  drying.  Thyme  and  pe|>per. 
mint,  sbwlv  dried,  afibrd  much  camphor; 
and  Mr.  Achard  has  observed,  diat  a  smdl  of 
camphor  is  disengaged  whei  volatile  ail  of 
fennel  is  treated  with  adds. 

Mr.  Kind,  a  German  chemist,  endeavouring 
to  inoorponrte  muriatic  add  gaa  with  oil  of 
turpentine,  by  putting  this  oil  into  the  veasds 
in  which  the  gas  was  reodved  when  extricated, 
ftarnd  the  ofl  change  first  ydlow,  then  browa, 
and  laady,  to  be  almost  wholly  coagulated 
into  a  oystalline  mass«  wiiich  compartad 
itsdf  in  every  respect  like  camphor.  Troms- 
dorff  and  BouBay  confirm  tiiis.  A  amall 
quantity  of  camphor  may  be  obtained  from 
od  of  turpentine  by  simple  distillarion  at  a 
very  gentle  heat  Odier  essential  oils,  how. 
ever,  afiord  more.  By  evaporation  in  diallow 
vessels,  at  a  heat  not  exceeding  57*^  F.,  Mr. 
Proust  obtamed  from  oil  of  lavender  .25^  of 
sage  .21,  of  maijoram  .1014,  of  rosemary 
.0^6.  He  conihicted  the  operation  on  a 
pretty  large  scaler 

Camphor  is  not  soluble  in  water  fai  any 
pcroeptible  degree,  though  it  mmmnnicatni 
its  smdl  to  that  fluid,  and  may  be  boned  as 
it  floats  on  its  sur&ce.  It  is  said,  however, 
that  a  surgeon  at  Madrid  has  eflTected  Its  solu- 
tion in  water  by  means  of  the  carbonic  add. 

Camphor  may  be  powdered  by  moistening 
it  with  Bloohd,  and  triturating  it  till  dry.  It 
may  be  fonned  into  an  emulsion  by  previous 
grinding  widi  near  three  times  its  v^ight  of 
almondji,  and  afterwards  gradually  adding  the 
water.  Yolk  of  egg  and  mudlages  are  also 
efifectnd  fbr  this  purpose ;  hat  sugar  does  not 
answer  wdL 
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^  li'hm^  baam  obHrved  by  Ronolta,  dut 
■DflU  pieoes^of  cKDphor  fhwdng  on  water 
ham  « lotatozy  motioKu 

Aicohdl,  ethen,  aod  oils,  dissolve  cam- 
phor. 

The  addition  of  water  to  the  spirituous  or 
add  MiLutiana  cf  camphor,  instantly  sepa- 
latea  it. 

Ms.  Hatdsett  has  particnJarl j  examined  the 
action  af  sulphurie  add  on  camphor.  A 
hundred  grains  of  camphor  were  digested  in 
aa  onaoe  of  ooDOcntrated  sulphuric  add  for 
two  days.  A  gentle  heat  was  then  applied, 
and  the  digestion  continued  for  two  days 
longer.  Six  ounces  of  water  were  then  added, 
and  the  whole  distilled  to  dryness.  Three 
gnina  of  an  essential  oil,  having  a  mixed 
i(doaB  of  lavender  and  peppermint,  come  over 
with,  the  water.  The  residuum  heing  treated 
tfrice.vith  two  ounces  of  alcohol  euh  thne^ 
fitfty-tfaree  grains  of  a  compact  coal  in  small 
tegmcBiR  umaiBed  undissolved.  The  alcohol, 
bong  cwapont^d  in  a  water  hath,  3rielded 
finty-nlne  graiiia  of  a  hlackish-brown  sub-, 
staooey  wlQcfa  was  bitter,  astringent,  had  tiia 
amell  of  caramel,  and  formed  a  dark  brown 
•oltttion  with  watec  This  solution  threw 
down  Tsry  daric  brown  predpitates,  with  suL 
phate  of  ivoo,  acetate  of  lead,  muiiate  of  tm, 
and  nkcaie  of  lime.  It  precipitated  gold  in 
the  metallic  states  Isinglass  thsew  down  the 
whole  of  what  was  dissolved  in  a  nearly  black 
pRcipitate* 

WiMBa  nitric  add  is  distilled  repeatedly  in 
laiqge  ^nantitisa  flom  camphor,  it  converts  it 
into  a  peculiar  acid.  See  Acid  (Campho- 
ric). 
Camphor  melta^  at  288»,  and  boils  at  the 
of  400*.    By  my  analysis  cam- 


Carbon       10  atoms  7.6 

78.08 

Hydrogen     9             1.125 

11.68 

Oxygen         1             1. 

10.40 

phorisooniposed,  mlOOparts,of  77*38 
ten,  ILU  hydrogen,  and  11.48  oxygen.    It 
is  tfaeicfoie  nearly  represented  by 


9.025       tOQ.00 
or,  9  atoms  olefiant  gas  -|-  1  atom  carbonic  add. 

As  sn  internal  medidne,  camphor  has  been 
frequently  employed  in  doses  from  5  to  20 
grains,  with  much  advantage,  to  procure  sleep 
hi  mania,  and  to  counteract  gangrene.  Though 
a  manifest  stimulant,  when  externally  applied, 
it  appears  from  the  reports  of  CuUen  and 
others,  rather  to  diminish  the  animal  tempera, 
ture  and  the  frequency  of  the  pulse.  In  large 
doses  it  acts  as  a  poison,  an  effect  best  coun- 
teraeted  by  opium.  It  is  administered  to  al- 
leviate the  irxitatiog  effects  of  cantharides, 
mezereon,  the  saline  preparations  of  mercury 
and  drastic  purgatives.  It  lessens  the  nau- 
seating tendency  of  squill,  and  prevents  it 
from  imtating  the  bladder.  It  is  employed 
externally  as  a  discutienL  Its  effluvia  are 
very  ofiennve  to  insects,  on  which  account  it 
is  much  used  to  defend  subjects  of  natural 
history  from  then'  ravages. 

CANCER  (MATTER  OF).  This  mor- 
bid  secretion  was  found  by  Dr.  Crawford  to 
give  a  green  colour  to  syrup  of  vicdets,  and, 
treated  with  sulphuric  add,  to  emit  a  gss  le- 
sembling  sulphuretted  hydrogen,  which  he  sup- 
poses to  have  existed  in  combination  with  am- 
monia in  tlie  ulcer.  Hence  the  action  of  viru- 
lent  pus  .on  metallic  salts.  He  likewise  ob. 
served,  that  its  odour  was  destroyed  by  aque^ 
•us  chlorine,  which  be  therefore  recommends 
for  washing  cancerous  sores. 

CANDLES.  Cylmders  of  tallow  or  wax, 
containing  in  their  axis  a  spongy  cord  of  cat* 
tail  or  hemp.  A  few  years  ago  I  made  a  set 
of  experiments  on  the  relative  intensities  of 
light,  and  duration  of  diffiirent  candles,  there* 
suit  of  whidi  is  contained  in  the  following  tablcf 


Number  fai  a 
Foond. 

Duratfonofa 
Candle. 

Weight  in 
gnana. 

Consumptiou 

per  hour, 

ffalna. 

Proportion 
of  light. 

Econovnyof 
Light. 

Candles 

equal 

one  argand. 

lO  mould, 

5  h.    9  m. 

682 

132 

12i 

68 

6.7 

10  dipped. 

4      36 

672 

160 

13 

SI 

5.26 

8  mould. 

0      31 

856 

132 

13 

6.6 

6  do. 

7    n 

1160 

163 

66 

5.0 

4  do. 

9      36 

1787 

186 

20i 

80 

3.5 

Argand  oil 

flame. 

512 

69.4 

100 

A  Seotch  mutchbin  or  l-8thofa  gallon 
of  good  sesl  ml,  weighs  6010  gr.  or  13  and 
Moth  OB.  avoirdnpoia,  end  lasts  in  a  bright 
aigand  lamp  11  hours  44  minutes.  The 
weight  of  oil  it  conanmes  per  hour  is  equal  to 
fair  timet  the  weight  of  taJlow  in  candid  8io 


the  pound,  and  3f  times  th«^  weight  of  tallow 
in  candles  6  to  the  pound.  But  its  light  be.' 
ing  equal  to  that  of  5  of  tlic  latter  cai^es,  it 
appears  from  the  above  table,  that  2  pounds 
wcaght  of  oil,  value  9d.  in  an  argand,  are  equi« 
vali^  in  illuminating  poms  to  3  pounds  <of 
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tallow  canilles,  which  cost  about  two  ahiOings. 
The  larger  the  flame  in  the  above  candles^  the 
greater  the  economy  of  light. 

CANNEL  COAL.    See  Coal. 

CANNON  METAL.    See  CoppEn. 

CANTHARIDES.  Insects  vulgarly  called 
Spanish  flies :  lytta  vesicatoria  is  the  name 
adopted  from  Gmelin,  by  the  London  college. 
This  insect  is  two-thirds  of  an  inch  in  length, 
one-fourth  in  breadth,  oblong,  and  of  a  gold 
shining  colour,  with  soft  dytera  or  wing 
sheaths,  marked  with  three  longitudinal  raised 
stripes,  and  covering  brown  membranous 
wings.  An  insect  of  a  square  form,  with  black 
feet,  but  possessed  of  no  vesicating  property,  is 
sometimes  mixed  with  the  cantharides.  Thqr 
have  a  heavy  disagreeable  odour,  and  acrid 
taste. 

If  the  inspissated  watery  decoction  of  these 
insects  be  treated  with  pure  alcohol,  a  solution 
of  a  resinous  matter  is  obtained,  which  being 
separated  by  gentle  evaporation  to  dryness,  and 
submitted  for  some  time  to  the  action  of  sul. 
phuiic  ether,  forms  a  yellow  solution.  By 
spontaneous  evaporation,  crystalline  plates  are 
deposited,  which  may  be  freed  from  some  ad- 
hering coburing  nutter  by  alcohol.  Their 
appearance  is  like  spermaceti.  They  are  so- 
luble in  boiling  alconol,  but  precipitate  aa  it 
cools.  They  do  not  dissolve  in  water.  Accord, 
ing  to  M.  Robiquet,  who  first  discovered  them, 
these  plates  form  the  true  blistering  principle. 
They  might  be  calkd  Vesicatouw.  Be- 
sides the  above  peculiar  body,  cantharides 
contain,  according  to  M.  Robiquet,  a  green 
bland  oil,  insoluMe  in  water,  soluble  in  alco- 
hol; a  black  matter,  soluble  in  water,  insolu- 
ble in  alcohol,  without  blistering  properties ; 
a  yellow  viscid  matter,  mild,  soluble  in  water 
and  alcohol;  the  crystalline  plates;  a  &tty 
bland  matter ;  phosphates  of  lime  and  mag- 
nesia ;  a  little  acetic  acid,  and  much  lithic  or 
uric  acid.  The  blistering  fly  taken  into  the 
stomach  in  doses  of  a  few  grains,  acts  as  a  poi- 
son, occasioning  horrible  satyriasis,  delirium, 
convulsions,  and  death.  Some  frightful  cases 
are  related  by  Orfila,  voL  I  part  2d.  Oils, 
milk,  syrups,  frictions  on  the  spine,  with  vo- 
latile liniment  and  laudanum,  and  draughts 
containing  musk,  opium,  and  camphoretted 
emulsion,  are  the  best  antidotes. 

Cantharides  consist,  by  my  analysis,  of 
4&64  carbon  +  5.r/9  hydrogen  +  36.29  ozy. 
gen  -\-  9.08  azote  =  100.  Their  constitution 
approximates  to 

Carbon      11  atoms 
Hydrogen  10 
Oxygen       7 
A  rote  1 

19.75      100.0 

CAOUTCHOUC.  This  substance,  which 
lias  been  impropeily  teonod  e^Hcgtm^  snd 


s    9.75 

11.4 

1.26 

6.3 

7.00 

36.4 

175 

8.9 

vulgarly,  from  its  common  appjigrtiop  Co  mb 
out  pencil  marks  00  pwpett  Jmdia  mbder,  li 
obtained  fiom  the  milky  jnioe  of  dtffeceot 
plants  in  hot  countries.  The  chief  of  these 
are  the  Jairopka  elastica,  and  Urceota  efe«. 
Oca, 

The  juioe  is  applied  in  SDooessive  coatingn 
on  a  mould  of  cUy,  and  dried  by  the  fire  or 
in  the  sun ;  and  when  of  a  sufficient  thidness, 
the  mould  is  crushed,  and  the  pieces  tehaien 
out.  Adds  separate  the  caoutchouc  from  the 
thinner  part  of  the  juice  atonce  by  coagulatiiig 
it.  The  juice  of  old  plants  yields  nemly  two- 
thirds  of  its  weight;  that  of  younger  plants 
less.^  Its  colour,  when  fresli,  is  yellorab-whtte, 
but  it  grows  darker  by  exposure  to  the  air. 

The  elasticity  of  this  substance  is  its  most 
remarkable  property :  when  wanned,  as  by 
immersion  in  hot  water,  slips  of  it  may  be 
drawn  out  to  seven  or  cjgbt  times  tfacai  ori- 
ginal length,  and  will  return  to  thdr  fanner  di- 
mensions nearly.  Cold  renders  it  stiffand  md, 
but  warmth  restores  its  original  elasticity. 
Exposed  to  the  firo  it  softens,  swells  np,  and 
bums  with  a  bright  flame.  In  Cayenne  it  is 
used  to  give  Ught  as  a  candle.  Its  solvents  are 
ether,  volatile  oils,  and  petroleum.  The  ether, 
however,  requires  to  be  washed  with  water  re- 
peatedly,  and  in  this  state  it  dtssolves  it  com- 
pletely. Pelktier  recommends  to  boil  the  ca- 
outchouc in  water  for  an  hour;  then  to  cut  it 
into  slender  threads ;  to  boil  it  again  about  an 
hour ;  and  then  to  put  it  into  rectified  sal{^u- 
ric  ether  m  a  vessel  dose  stopped.  In  diis  way 
he  says  it  will  be  totally  dissolved  in  a  few  days, 
without  heat,  except  the  in^uritieSy  which 
will  fall  to  the  bottom  if  ether  enough  be  em- 
ployed. Beniiaid  says,  the  nitrous  ether  dis- 
solves it  better  than  the  sulphuric.  If  this  so- 
lution be  spread  on  any  substsnoe,  the  ether 
evaporates  very  quickly,  and  leaves  a  coating 
of  caoutchouc  unaltoed  in  its  properties. 
Naphtha,  or  petroleum,  rectified  into  a  colour, 
less  liquid,  dissolves  it,  and  likewise  leaves  it 
unchanged  by  evaporation.  Oil  of  turpentine 
softens  it,  and  fonns  a  pasty  mass,  that  may 
be  spread  as  a  varnish,  but  is  very  long  in  dir. 
ing.  A  solution  of  caoutchouc  in  five  times  its 
weight  of  oil  of  turpentine,  and  this  solation 
dissolved  in  eight  times  its  weight  of  drying 
linseed  oil  by  boiling,  is '  said  to  form  the  var- 
nish  of  air-balloons.  Alkalis  act  upon  it  so 
as  in  time  to  destroy  its  dastidty.  Sulphuric 
add  is  decomposed  by  it;  sulphurous  aad  be- 
ing evolved,  and  the  caoutchouc  converted  into 
charcoal.  Nitric  add  acts  upon  it  with  heat ; 
nitrous  gas  being  given  out,  and  oxalic  add 
crystallizing  from  £e  residuum.  On  distilla- 
tion it  gives  out  anomania,  and  carboietted  hy- 
drogen. 

By  my  analysis.  Caoutchouc  is  composed 
in  IQO  parts  of  90.00  carbon,  9.11  hydrogen, 
and  0.88  oxygen.  It  probaUy  consists  there- 
fore of 
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Carbon      3  atoms    2.25        90 
UydtogeD  2  0.25         10 

2.60  100 
or  it  is  a  sesqui^carburetted  hydrogen.  The 
oxygen  deduced  ftom  experiment  is  in  snch 
ansSl  quantity,  as  to  leave  a  doubt  whether  it 
be  essential  to  this  body,  or  imbibed  in  minute 
quantity  from  the  atmosphere  during  its  con- 
solidation. 

3Ir.  Faraday  has  lately  written  an  ingeni- 
008  memoir  on  Caoutchouc  He  obtained  it 
fiom  Mexico  in  the  fluid  state,  nearly  as  it 
exudes  from  the  tree.  The  only  alteration 
was  a  al^ht  film  of  solid  caoutchouc  on  the 
•urface  of  the  cork  which  closed  the  bottle. 
The  fluid  was  a  pale-yellow,  thick,  cream- 
looking  substance,  of  uniform  consistency.  It 
had  a  disagreeable  acescent  odour,  something 
resembling  that  of  putreseent  milk ;  its  sp.  gr. 
was  1.01174.  When  exposed  to  the  air  in 
thin  films  it  soon  dried,  losmg  weight,  and 
leaving  caoutchouc  of  the  usual  appearance 
and  colour ;  and  very  tough  and  elastic.  202.4 
gr.  of  the  liquid  dried  in  a  Wedgewood  basin, 
at  100*  F.,  became  in  a  few  days  94.4  graina, 
and  the  solid  piece  formed  being  then  removed 
ftom  the  capsuk,  and  exposed  on  all  sides  to 
the  air  until  quite  dry,  became  01  grains. 
Hence  100  parts  of  juice  left  nearly  45  of  solid 
matter.  Heat  immediately  coagulates  the  juice, 
the  caoutchouc  separating  in  its  solid  form 
from  the  aqueous  matter.  Alcohol  has  a 
omdar  efi*ecL  The  juice  mixes  freely  with 
vater,  but  aAer  some  time  a  creamy  portion 
nsea  to  the  top,  while  a  clear  watery  solution 
of  the  matters  associated  with  caoutchouc  in 
the  juice  remains  below.  In  this  way  liquid 
caoutchouc  may  be  purified  by  washing. 
When  this  is  thrown  on  a  filter,  the  water 
psnes  through  and  leaves  coagulated  caout- 
<^c.  This  pure  transparent  substance  has 
*ben  dry  a  sp.  gravity  of  0.925.  It  is  a  non- 
ooductor  of  deetiidty.  It  is  not  dissolved 
vben  boiled  in  solution  of  potash.  '*  It  yields 
DO  ammonia  by  destructive  distillation,  nor 
viy  compoonds  of  oxygen,  and  my  experi- 
ments agree  with  those  of  Dr.  Ure,  in  indi- 
cating carbon  and  hydrogen  as  its  only  ele- 
BiQits,  I  have  not  however  been  able  to 
*<crify  hia  proportions,  which  are  90  carbon, 
^'\\  hydrogen,  or  by  theory  nearly  3  pro- 
portionals  of  carbon  to  2  of  hydrogen,  and 
have  never  obtaixMd  quite  so  much  as  7  carbon 
to  I  hydrogen  by  weight.**  This  diflfcrencc  in 
Mr.  FarB£y*s  results,  I  would  ascribe  to  a 
diftreice  in  the  nature  of  the  caoutchouc; 
^  it  is  certain  that  by  my  mode  of  ultimate 
saalytis  I  can  never  nave  an  error  of  carbon 
in  exoesa.  Air.  Faraday*s  mean  results  are  8 
>Unns  of  carbon  -^  I  of  hydrogen,  nearly. 
Journal  of  Science,  xxi.  19. 

CaoutcDonc  may  be  formed  into  various  ar- 
tides  without  undergomg  the  process  of  solu- 
tion. If  it  be  cut  into  an  uniform  slip  of  a  pro- 


per thickness,  and  wound  spiraUv  round  a  glass 
or  metal  rod,  so  that  the  edges  snail  be  hi  close 
contact,  and  in  this  state  he  boiled  for  some 
time,  the  edges  will  adhere  so  as  to  form  a  tube. 
Pieces  of  it  may  be  readily  joined  by  touching 
the  edges  with  the  solution  in  ether ;  but  this 
is  not  absolutely  necessary,  for,  if  they  be  mere- 
ly softened  by  heat,  and  then  pressed  together, 
thev  will  unite  very  firmly. 

If  linseed  oil  be  rendered  very  drying  by 
digesting  it  upon  an  oxide  of  lead,  and  aftcr- 
wud  applied  with  a  smaU  brush  on  any  sur- 
face, and  dried  by  the  sun  or  in  the  smoke,  it 
will  afford  a  pellicle  of  considerable  firmness, 
transparent,  burning  like  caoutchouc,  and 
wonderiiiUy  elastic  A  pound  of  this  oil» 
spread  upon  a  stone,  and  exposed  to  the  ahr 
for  six  or  seven  months,  acquired  almost  all 
the  properties  of  caoutchouc :  it  was  used  to 
make  catheters  and  bougies,  to  varnish  bal- 
loons, and  for  other  purposes. 

Of  the  mineral  caoutchouc  there  are  several 
varieties:  1.  Qf  a  blackish-brown  inclining  to 
olive,  soft,  exceedingly  compressible,  unctuous, 
with  a  slightly  aromatic  smdl.  It  bums  with 
a  bright  flame,  leaving  a  black  oily  reniduum, 
which  does  not  become  dry.  2.  Black,  dry, 
and  cracked  on  the  surface,  but,  when  cut 
into,  of  a  yellowish-white.  A  fluid  resem- 
bling pyroHgnic  acid  exudes  from  it  when 
recently  cut.  It  is  pellucid  on  the  edges,  and 
nearly  of  a  hyacinihine  red  colour.  3.  Simi- 
lar to  the  preceding,  but  of  a  somewhat  firmer 
texture,  and  ligneous  appearance,  from  having 
acquired  consistency  in  repeated  layers.  4. 
Resembling  the  first  variety,  but  of  a  darker 
colour,  and  adhering  to  grey  calcareous  spar, 
with  some  grbins  of  gala>na.  5.  Of  a  liver- 
brown  colour,  having  the  aspect  of  the  vege- 
table caoutchouc,  but  passing  by  gradual 
transition  into  a  brittle  bitumen,  of  vitreous 
lustre,  and  a  yellowu<h  colour.  6.  Dull  red- 
dish-brown, of  a  spongy  or  cork-like  texture, 
containiitg  blackish-grey  nuclei  of  impure 
caoutchouc  Many  more  varieties  are  enu- 
merated. 

One  specimen  of  this  caoutchouc  has  been 
fbund  Ml  a  petrified  marine  shell  enclosed  in  a 
rock,  and  another  enclosed  in  crystallized  floor 
spar. 

The  mineral  caoutchouc  resists  the  action 
of  solvents  still  more  than  the  vegetable  The 
rectified  oil  of  petroleum  affects  it  most,  par- 
ticularly when  by  partial  burning  it  is  resolved 
into  a  pitchy  viscous  substance  A  hundred 
grains  of  a  specimen  analysed  in  the  dry  way 
by  Klaproth  afforded  carburetted  hydrogen 
gas  38  cubic  inches,  carbonic  acid  gas  4,  bitu- 
minous oil  73  grains,  acidulous  phlegm  1.5, 
charcoal  6.25,  lime  2,  silex  1.5,  oxide  of  iron 
.75,  sulphate  of  lime  .5,  alumina  .25. 

CAPUT  MORTUU3I.  The  inert  resi- 
duum of  a  distillation,  or  sublimation.  The 
term  is  nearly  obsolete. 

CARAT.    Sec  Assar  and  Diahoxd. 
u2 
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CARBON.  When  vegetable  matter,  p«« 
ticularly  the  more  solid,  as  wood,  is  expoMd 
to  heat  in  close  vessels,  the  volatile  parts  fly 
oflT,  and  leave  behind  a  black  porous  substaaoe, 
which  is  charcoal.  If  this  be  suffered  to  un- 
dergo combustion  in  contact  with  oxygen,  or 
with  atmospheric  air,  much  the  greater  part 
of  it  will  combine  with  the  oxygen,  and  escape 
in  the  form  of  gas;  leaving  about  a  two-hun- 
dredth part,  which  consisU  chiefly  of  different 
saline  and  metallic  substances.  This  piire 
inflammable  part  of  the  charc6al  is  what  is 
commonly  called  carbon:  and  if  the  gas  be 
received  mto  proper  vessels,  the  carbon  will 
be  found  to  have  been  converted  by  the  oxy- 
gen into  an  acid,  called  the  carbonic.  See 
Acid  (Carbonic). 

From  the  drcurastance  that  inflammable 
substances  refract  light  in  a  ratio  greater  than 
that  of  their  densities,  Newton  inferred  that 
the  diamond  was  inflammable.  The  quantity 
of  the  inflammable  part  of  charcoal  requisite 
to  form  a  hundred  parts  of  carbonic  acid,  was 
calculated  by  Lavoisier  to  be  twenty- eight 
parts.  From  a  careful  experiment  of  Mr. 
Tennant,  27.6  parts  of  diamond,  and  72.4  of 
oxygen,  formed  100  of  carbonic  add ;  and 
hence  he  inferred  the  identity  of  diamond  and 
the  inflammable  part  o£  chaicoaL 

Diamonds  had  been  frequently  consumed 
hi  the  open  air  with  bummg-glasaes ;  but 
Lavoisier  first  consumed  them  in  oxygen  gas, 
and  discovered  carbonic  add  to  be  &  only 
result.  Sir  George  Mackenzie  showed,  that  a 
red  heat,  inferior  to  what  melts  silver,  is  suf- 
ficient to  bum  diamonds.  They  first  enlarge 
somewhat  in  volume,  and  then  waste  with  a 
feeble  flame.  M.  Guyton  M<Kveau  was  the 
first  who  dropped  diamonds  into  melted  nitre, 
and  observed  the  formation  of  carbonic  add. 

From  a  number  of  experiments  which  M. 
Biot  has  made  on  the  refraction  of  different 
substances,  he  has  been  led  to  form  a  different 
opinion.  According  to  him,  if  the  elements 
of  which  a  substance  is  composed  be  known, 
their  proportions  may  be  calculated  with  the 
greatest  accuracy  from  their  reftactive  powers. 
Thus  he  finds,  that  the  diamond  cannot  be 
pure  carbon,  but  requires  at  least  one-fourth 
of  hydrogen,  which  has  the  greatest  refractive 
power  of  any  substance,  to  make  its  refraclioD 
commensurate  to  its  density. 

In  1809,  Messrs.  Allen  and  Pepys  made 
some  accurate  researches  on  the  combustion  of 
various  species  of  carbon  in  oxygen,  by  means 
of  an  elegant  apparatus  of  theb  own  ood« 
trivance.  A  platina  tube  traversing  a  fur- 
nace, and  containing  a  given  weight  of  the 
carbonaceous  substance^  was  connected  at  the 
ends  with  two  mercurial  gasometers,  one  of 
which  was  filled  witli  oxygen  gas,  and  the 
other  was  empty.  The  same  weight  of  dia- 
mond, carbon,  and  plumbago,  yielded  very 
nearly  the  same  volume  of  carbonic  acid.  Sir 
H  Davy  was  the  first  to  show  that  the  diamond 


was  capable  of /msponing  its  own  c 

in  oxygen,  without  the  cont^W  application 
of  extraneous  heat^  and  he  thus  obviated  one 
of  the  apparent  anomalies  of  this  body,  oom- 
pared  with  cfaazcoaL.  This  nheoopicnon,  hj 
his  method,  can  now  be  easily  exhibited,  if 
the  diamond,  supported  in  a  perforated,  cup, 
be  fixed  at  the  end  of  a  je^  so  that  a  stzeam  of 
hydrogen  can  be  thrown  on  it,  it  is  eny,  bj 
inflaming  the  jet,  to  ignite  the  gem,  and  whilst 
in  that  state  to  introduce  it  into  a  globe  or  flask 
containing  oxygen.  On  turning  off  the  hydiOr 
gen,  the  diamond  enters  into  oombnstioa,  and 
will  go  on  burning  till  yearly  consumed.  Th^ 
loss  of  wdght,,  and  corre8pon£ng  uoductioQ 
of  carbonic  add,  wero  thus  beautifiiUy  shown* 
A  neat  form  of  apparatus  %  this  purpose,  is 
delineated  by  Mr.  Faraday,  in  the  sbi  volume 
of  the  Jouma}  of  Science.  Sir  H.  Davy  fgfundt 
that  diamonds  gave>  volume  of  pure  cafcrhoni^ 
add,  equal  to  the  oxygen  cop^um^ ;  charcoal 
apd  plumbago  afforded  a  minute  portion  of 
Hydrogen.    See  Diamokd*. 

Wdl-bumed  charcoal  is  »  conductor  ef 
electtidty,  thou^  wood  simply  depdyed  of  its 
moisture  by  bakiDs  is  a  non-amductor ;  but  it 
is  a  very  bad  conductor  of  caloric,  aproperty 
of  considerable  use  on  many  oocasioDs,  as  in 
lining  crucibles. 

It  is  msoluble  in  w^ter,  and  henoe  the  utHxtt 
of  charring  the  surface  of  wood  exposed  to  that 
liquid,  in  order  to  preserve  it,  a  dreunstaooe 
not  unknown  to  the  ancients.  This  prepara- 
tion of  timber  baa  been  proposed  as  an  effec- 
tual preventive  of  what  is  commonly  called  the 
dry-roL  It  has  an  attraction,  however,  for  a 
certain  portion  of  water,  which  it  retains  very 
fordbly.  Heated  red-hot,  or  nearly  iO»  it  ds 
composes  water;  forming  with  its  oxygen  car- 
bonic add,  or  carbonic  oxide,  accoiding  to  the 
quantity  present ;  and  with  the  hydrqgen  a 
gaseous  carburet,  called  oarbuietted  hydrogen, 
or  heavy  inflammable  air. 

Charcoal  is  infusible  by  ai^y  heat.  If  ex- 
posed to  a  veiy  high  tempemtuie  in  dote  ves* 
sels,  it  loses  little  or  nothing  of  its  weight,  bnt 
shrinks,  becomes  more  compact,  and  acquires 
a  deep^  black  odour. 

Recently  prepared  charcoal  has  a  vemaAabls 
property  of  absorbing  different  gases,  and  oon- 
densing  them  in  its  pons  without  any  alter- 
ation  a  their  properties  or  its  own. 

The  followmg  are  the  latest  results  of  M. 
Theodore  de  Saussure  with  boxwood  dttroosl, 
the  most  powerful  species : 


Gaseous  ammonia,      • 

.    90vob. 

Ditto    muriatic  acid,      . 

85 

Ditto    sulphurous  add. 

•    4» 

Sulphuretted  hydrogen,  • 

66 

Nitrous  oxide.    - 

.     40 

Carbonic  oxide. 

36 

defiant  gas,      • 

.    36 

Carbonic  oxide, 

948 

Oxygen,    •        .        . 

.        .      036 
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AiDtey  ....  1-S^rdB, 

I4sKrt  gas  from  moitt  duoooal,  •    6-0 
oydiogcBy  *  1*75 

Very  l^jht  dnrood,  nidi  m  thst  of  oori^ 
'iliKxbs  tcaioely  any  air;  whQe  the  pit-ooal 
«f  Rastibog,  so.  gr.  1326,  abioriM  IC^  timea 
Ita  Tcluine.  llie  alMOiptioo  waa  always  com- 
pleted  In  84  hoots.  This  cmioas  faculty, 
irhich  is  oonimon  to  all  porous  bodies,  resem- 
bles tbe  aedaa  iof  eapilkry  tubes  on  liquids. 
"iViien  a  piece  of  charcoal,  charged  with  one 
gas,  is  transferred  into  another,  it  absorbs  some 
of  it,  and  parts  with  a  portion  of  diat  first  con- 
uCDsed.  In  ihe  experiments  of  Messrs.  Allen 
and  Fepys,  charoou  was  found  to  imbibe  fknh 
the  atmosphere  m  a  day  about  l-8th  of  its 
weight  of  irater.  For  a  general  view  of  ab- 
soxptioD,  see  6a8« 

When  oxygen  is  condensed  by  charooal, 
carbonic  acia  is  observed  to  form  at  the  end 
of  savcnl  months.  iBut  the  most  remarkable 
property  displayed  by  diarooals  impr^;nated 
.with  ga^  is  that  with  sulphuretted  hydrogebt 
when  exposed  to  Ae  air  or  oxysen  gas.  Th^ 
sulphuretted  hydrogen  is  speedily  destroyed, 
and  water  and  sulphur  result,  with  the  disen- 
gagemeiit  of  coosi^erable  heat*  Hydn^en 
uhxie  has  no  such  ejects.  When  duroo^  wns 
exposed  by  Sir  H.  Davy  .to  intense  ignition 
ht  vacua,  and  in  condensed  azote,  by  means  of 
If  r.  Children*a  magnificent  voltaic  battery,  it 
tiowfy  volatilized,  and  gave  out  a  little  hydro- 
«n.  l%e  remaining  part  was  always  much 
harder  dian  beihre ;  and  in  one  case  so  hard  as 
to  scratch  glaas,  while  its  lustre  was  increased. 
This  fine  experiment  may  be  re^^ed  as  a  near 
appriMdi  to  the  production  of  diamond. 

Charcoal  has  a  powerful  affinity  fbr  oxygen, 
wlience  its  use  in  disoxygenating  metallic 
oxides,  and  restoring  th«r  base  to  its  original 
metallic  state,  or  reviving  the  metal.  Thus 
too  it  decomposes  several  of  the  adds,  as  the 
phosphoric  and  sulphuric,  firom  which  it  ab- 
stracts their  oxygen,  and  leaves  the  phosphorus 
and  sulfur  free. 

Carbon  is  capable  of  combining  with  sul- 
phur, and  with  hydrogen.  With  hon  it  forms 
steel;  and  it  unites  with  copper  into  a  car- 
buret, as  observed  by  Dr.  Priestley. 

A  singular  and  important  proper^  of  diar- 
coal  is  that  of  destroying  the  smeiu,  colour, 
and  iaate  of  various  substances :  for  the  first 
accurate  experiments  on  which  we  axe  chieflv 
indebted  to  Mr.  Lowitz  of  Pctersbuigh,  though 
it  liad  been  long  before  recommended  to  cor- 
rect the  fistor  of  foul  ulcers,  and  as  an  anti-' 
sep6c.  On  this' account  it  is  certainly  the  best 
den^rice.'  Water  thilt  has  become  putrid  by 
long  keeping  in  wooden  casks,  is  rendered 
tweet  by  filtering  through  diarcoal  powder,  or 
by  agitation  with  it :  particularly  if  a  few  drops 
of  siuphuric  add  be  added.  Ccmmon  vinegar 
boiled  with  charcoal  powder  becomes  perfectly 
limpid.    Saline  sohitiona,  that  are  tinged  yd- 


low  or  brown,  sue  rendered  coloarleis  in  tfas 
same  way,  so  as  to  afibcd  perfectly  white  cry- 
stals. The  impure  caibonate  of  ammonia  ob- 
tained from  bones,  is  deprived  bodi  of  Its 
oobur  and  fetid  smell  by  sublimation  with  an 
equal  weight  of  diarcoal  powder.  Malt  spirit 
is  fVeed  from  its  disagreeable  flavour  bv  distil- 
lation fWmi  diarcoal;  but  if  too  much  be  used, 
part  of  the  spirit  is  decomposed.  Simple 
maceration,  fiir  eight  or  ten  days,  in  the  pro- 
portion of  about  I-I60th  of  the  weisht  of  the 
apirit,  improves  the  flavour  mudu  It  is  neces- 
sary diat  the  diareoal  be  weU  bumed,  brought 
to  a  red  heat  before  it  is  used,  and  used  as  soon 
as  may  be,  or  at  least  be  carefully  exduded 
from  the  air.  The  proper  proportion  too 
should  be  ascertained  by  experiment  on  a  small 
scale.  The  diarcoal  may  be  used  repeatedly, 
by  exposing  it  fbr  some  time  to  a  red  heat  be- 
fore it  is  again  employed. 

Charcoal  is  used  on  particular  occasions  as 
fuel,  on  account  of  its  giving  a  strong  and 
steady  heat  without  smoke.  It  is  employed  to 
convert  hron  into  sted  by  cementation.  It 
enters  into  the  composition  of  gunpowder. 
In  its  finer  states,  as  in  ivory  mack,  lamp 
black,  &C.  it  forms  the  basis  of  black  paints^ 
Indian  ink,  and  printers*  ink. 

The  purest  carbon  for  chemical  purposes  is 
obtainea  by  stronglyignitinff  lamp  black  in  a 
covered  crudble.  This  yidds,  like  the  dia- 
mond, unmixed  carbonic  add  by  combustion 
in  dxygen. 

Gaibon  unites  with  all  the  common  simple 
combustibles,  and  with  azote,  forming. a  series 
of  most  important  compounds.  With  sulphur 
it  forms  a  curious  limpid  liquid  called  carburet 
of  sulphur,  or  sulphuret  of  carbon.  With 
phosphorus  it  forms  a  spedes  of  compound, 
whose  properties  are  imperfectly  ascertained. 
It  unites  with  hydrogen  in  two  definite  propor- 
tions, constituting  subcarburetted  and  carbu- 
retted  hydrogen  gases.  With  azote  it  forms 
prussic  gas,  the  cyanogen  of  M.  Gay  Lussac. 
Sted  and  plumbed  are  two  difierent  com- 
pounds of  carbon  with  iron.  In  black  chalk 
we  find  this  combustible  intimately  associated 
with  silica  and  alumina.  The  primitive  com- 
bining  proportion,  or  prime  equivalent  of  car- 
bon, is  0-76  on  the  oxygen  scale. 

CARBON  (MINERAL),  is  of  a  greyish- 
black  colour.  It  is  charcoal,  with  various  pro- 
portions of  earth  and  iron,  without  bitumen. 
It  has  a  silky  lustre,  and  the  fibrous  texture 
of  wood.  It  is  found  in  small  quantities, 
stratified  with  brown  coal,  slate  coal,  and  pitch 
coaL 

CARBON  (Chlorides  of).  For  the  know- 
ledge of  this  interesting  class  of  compounds, 
we  are  indebted  to  Mr.  Faraday. 

If  chlorine  and  olefiant  gas  be  mixed  in 
equal  volumes,  they  are  condensed  into  an  oily 
looking  liquid,  sometimes  called  chloric  ether. 
(See  Cabburetted  Hydrogen.^  If  some 
of  this  be  put  mto  a  retort  with  chlorine,  it 
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beoooMB  yeUow;  but  on  ez|H»an  to  the  mm- 
beamt,  heat  U  produoed,  and  the  odiour  of  the 
gaa  and  liquid  diaappean  in  a  few  seconds. 
On  opening  the  retort  under  mercury,  there  is 
no  abnorption.  It  is  found  to  be  now  full  of 
muriatic  acid  gas.  If  we  expel  this,  introduce 
more  chlorine,  and  again  expose  to  the  sun 
light,  the  colour  which  had  been  regenerated 
again  disappears,  while  a  few  moist  crystals 
form  round  the  edge  of  the  fluid.  Chlorine 
being  a  third  time  introduced,  and  subjected  to 
the  same  influence,  more  hydrogen  is  with- 
drawn from  the  liquid,  and  a  crystalline  sub- 
linuite  lines  the  retort.  By  proceeding  in  this 
way,  till  the  chlorine  exerts  no  farther  action, 
the  fluid  entirely  vanishes,  and  leaves  in  its 
stead  the  ciystalUoe  matter  and  muriatic  acid. 

Mr.  Faraday  next  added  at  once  to  a  por- 
tion of  olefiant  gas  eight  or  nine  times  its 
bulk  of  chlorine,  and  exposed  the  mixture  to 
sunshine.  At  first  the  fluid  formed;  but  it 
speedily  disappeared  ;  the  retort  became  lined 
with  crystals,  and  the  colour  of  the  chlorine 
grew  paler.  These  crystals  are  a  diloride  of 
carbon.  As  water  does  not  Interfere  with  the 
action  of  the  substances,  Mr.  Faraday  admitted 
a  little  of  it,  which  condensed  the  muriatic  add 
gas,  and  allowed  a  new  volume  of  chlorine  to 
be  introduced  into  the  retort  to  de-hydrogenate 
the  chloric  ether,  by  the  aid  of  lighu  In  order 
to  insulate  the  substance,  the  residuary  chlo- 
rine  and  muriatic  acid  gas  were  blown  out  of 
the  vessel  with  a  pair  of  bellows ;  and  the  con. 
densed  muriatic  acid  gas,  and  other  soluble 
matters,  were  washed  away  with  water.  The 
crystalline  substance  is  to  be  now  washed  from 
the  retort  into  another  jar.  A  little  alcohol 
w^  remove  the  last  adhering  portions.  This 
being  poured  into  the  water,  will.throw  down 
the  chloride  to  the  bottom  of  the  vessel  It 
ought  to  be  next  dried  by  pressure  between 
the  folds  of  porous  paper.  It  is  then  to  be 
sublimed  in  a  glass  tube,  by  the  heat  of  a 
spirit  lamp.  The  pure  substance  will  rise  first 
along  with  a  little  water;  but  the  last  portions 
will  be  partially  decomposed,  muriatic  acid 
being  evolved,  while  charcoal  remains.  The 
sublimed  matter  is  to  be  dissolved  in  alcohol, 
and  the  ftolution  is  to  be  poured  into  a  weak 
potash  ley,  by  which  the  chloride  is  thrown 
down,  and  the  muriatic  acid  neutralized  and 
separated.  M'ater  will  now  wash  away  the 
muriatic  acid  and  muriate,  leaving  the  sub- 
stance pure.  Collect  it  on  a  filter,  and  dry  it, 
first  between  the  folds  of  blotting  paper,  and 
lastly,  over  sulphuric  add,  in  the  exhausted 
receiver. 

It  will  now  appear  as  a  white  pulverulent 
substance;  and,  if  perfectly  pure,  will  not 
afford  the  slightest  trace  of  carbon,  or  muriatic 
add,  when  sublimed  in  a  tube.  Its  solution 
in  ether  should  not  affect  solution  of  nitrate  of 
fcilver.  If  it  does,  it  must  be  resublimcd, 
washed,  and  dried. 

for  the  formation  of  this  substance,   the 


<Unct  imyi  of  the  sob  axe  not  absolvtely  naeep 
sary.  The  light  of  day,  adaogfiir  a  few  hours, 
wiU  determine  its  productioo.  It  will  form 
even  in  the  dark,  at  the  end  of  a  few  days. 

The  solid  thus  obtained  is  the  perckioride. 
It  is  transparent  and  cokrarless.  Jthsstcaroely 
any  taste.  Its  odour  is  aromadc,  spprauhing 
to  that  of  camphor.  Its  qiecifie  giavity  is  as 
nearly  as  possible  2.  In  refracdve  povei,  it 
equals  flint  ^asa  (1.5767)*  Itis  veryfttsUe, 
easily  breaking  down  under  pressure;  and, 
when  soratchci^  has  much  of  the  feel  and  ^ 
pearanoe  of  white  sugar.  It  does  not  cooduct 
electridty. 

The  crystals  obtained  by  snbliiDstioiv,  u 
well  as  from  sohitiona  of  the  substance  in  alco- 
hol and  ether,  are  dcndritical,  prismadc,  or  ia 
plates.  The  varieties  of  form,  which  sie  very 
interesting,  are  easily  ascenained,  sod  lesult 
from  a  primitive  octohedron. 

It  volatilizes  slowly  at  common  tempe»> 
tures,  and  passes,  in  the  manner  of  can^pluii 
towards  the  lig^t.  If  heated,  it  rises  idor 
rapidly,  forming  fine  crystals.  When  the 
temperature  is  raised  to  320°  F.  it  fuses;  and 
to  360"  it  boils.  When  condensed  &m  iitese 
rapid  sublimations,  it  forms  a  transparent  and 
scarcely  visible  crust ;  which,  soon  after  ^ 
cools,  becomes  white  and  nearly  opaque.  If 
tlie  heat  be  raised  still  higher,  as  wbco  the 
substance  is  passed  through  a  red-hot  tub^  ^ 
is  decomposed,  chlorine  b  evolved,  snd  ttother 
chloride  of  carbon,  which  condenses  intoa 
liquid,  is  obtained.  This  shall  be  described 
presently. 

It  is  not  readily  combustible.  When  bud 
in  the  flame  of  a  spirit  lamp,  it  bums  with  s 
red  flame,  emitting  much  smoke  and  scid 
fumes;  but  on  removal  from  the  lamp^itt 
combustion  ceases.  When  it  if  bested  to  jed- 
ness  in  pure  oxygen,  it  somedmcs  bums  witn 
a  brilliant  light  .     , 

It  is  insoluble  in  water,  bot  soluble  m  aj- 
oohol,  and  copiously  with  die  aid  of  heat.  It 
is  still  more  soluble  in  ether.  The  bot  ethere- 
ous  solution  deposits,  on  cooling,  very  b«*"?* 
ful  crystaU.  It  is  soluble  also  in  the  volatile 
oils ;  from  which  it  may  be  obtaiDcd  in  c^^ 
tals  by  evaporation.  Fixed  (uh  likewiae  cu- 
solve  it*  . 

Solutions  of  the  adds  and  alkalis  do  not  act 
witli  any  energy  on  this  chloride.  , 

When  oxysen,  mixed  with  its  ^»P?*'' " 
passed  throu^  a  red-hot  tube,  there  i»^ 
composition ;  and  mixtures  of  <*^*^"°**^^ 
bonic  oxide,  carbonic  add,  and  phosgene  gas«» 
are  obtained.  . .     . 

Chlorine  produces  no  dwnge  on  this  wb- 
stance.  When  iodine  is  heated  with  u  » 
moderate  temperatures,  the  ^  »"'?*^^ 
unite  with  fusion,  and  there  is  no  raiiba*^ 
tion.  When  heated  more  strongly  m/»po™ 
of  iodine,  the  iodine  sqiawtes  cbk>«»«|Jr 
dudng  the  perchloride  to  the  fluid  JP"'^^ 
ride  of  carbon,  whUe  chloriodine  is  fP«n« 
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[if  80  oDDHiof  iodine  be 
ptMnt,  the  whole  temuiio  flnid  at  eomiDOD 
MDpentuies.  When  water  is  added,  it  gene* 
imllj  libesateo  a  Uttlo  iodine;  and  on  heating 
the  iohitiflp  ao  aa  to  expel  all  free  iodjoe,  and 
leMing  by  nitnte  of  aiher,  cfaJoride  and  iodide 
of  aOTcr  an  obtained. 

W^hen  a  nUxtoie  of  hydrogen  and  ▼apour 
of  the  perefakride  is  tnuumitted  through  a 
led-hot  tube,  the  latter  is  deoompaBed  with 
dho  pwductiflo  of  mnriatic  add  gas  and  char. 
eoai  Snlphnr  and  phosphorus  unite  to  it  by 
hakn.  If  phoqihoros  be  heated  in  the  vapour 
ef  this  chloride,  it  abstracts  chlorine*  whence 
lenh  pHMochloride  of  phoiphonis  and  earboo. 
If  healed  moie  hig^y,  it  iniSames. 

Moot  of  the  metab  decompose  it  at  liigh 
twmiHatnm.  Potassiam  buns  brilliantly  in 
die  ▼apoor;  when  a  chloride  of  potsssium  is 
fimned,  and  charaoal  deposited.  Iron,  sine* 
tin,  copper,  and  mercury,  act  on  it  at  a  red 
hemt,  ftmung  cfaknides  of  these  metala»  with 
dcpOBitioD  of  the  diarooaL  The  peioudes  of 
meimiy,  oopoer,  lead,  and  tin,  neated  with 
the  pocfaloriae,  produce  chlorides  of  the  re- 
spOMivc  metals  and  carbonic  acid;  and  the 
pvoOraddes  of  sine,  lead,  Ac  produce  also  cblo* 
lales  ;  bat  die  gaseous  product  is  a  mixture  of 
carbonic  acid  and  carbonic  oxide.  Phosgene 
gaa  18  occawionwUy  formed  on  passbg  the 
fOBcMoride  over  heated  oxide  of  sine 

When  the  vapoar  of  the  chloride  is  passed 
over  ledJiot  lime,  barytea,  or  strontites,  a  very 
vivid  coDibustioB  is  produced.  The  oxygen 
and  the  chlorine  diange  places.  The  com- 
bnstioo  is  due  to  Uie  formation  of  the  earthy 
chloiides,  and  carbonic  add ;  the  last,  being 
slHorbed  by  the  nndeoomposed  portions  of  the 
esRhs.  Carbon  is  also  deposited.  No  car- 
booie  oodde  is  obtsined.  When  the  substance 
ii  pBssed  over  ignited  magnesia,  there  is  no 
actfoo  on  the  earth ;  bat  the  perchloride  of  car- 
boo  ia  converted  by  the  heat  into  a  pratodilo- 
iide.  In  these  experiments  with  the  oxides, 
ao  trace  of  water  could  be  perodved.  The 
pcr&ct  demonstration  of  the  new  body 
lining  no  hydrogen,  is  evident  from  this* 
tlict  what  the  fluid  compound  of  chlorine  and 
defiant  gas  is  acted  on  by  chlorine  and  the 
sonbrams  in  dose  vessds,  there  is  no  change  of 
volume,  though  the  whole  of  the  chlorine  dis- 
appears ;  its  plsce  bring  occupied  by  nmriatic 


add  gas.  Hence,  sa  muriatic  aad  gas  is  known 
to  consist  of  effual  volumes  of  chlorine  and 
hydrogen,  ooodnned  without  change  of  bulk, 
it  k  evident  that  half  of  the  chlorine  intra. 
dnced  into  the  vesed  is  fixed  in  die  dements 
of  the  Ik^uid,  and  has  liberated  an  eoual 
volnme  of  hjr^togcn ;  and  as,  when  the  cnlo* 
ride  ia  perfeedy  formed,  it  condenses  no  mu- 
riatic  add  gaa,  a  methodrapparendy  ilree  from 
aD  fidlaey,  is  thua  afforded  of  ascertaining  its 


Us  oonvenson  into  miiiiadc  add  anddUoride 
of  carbon ;  that  4  volumes  of  muriadc  add 
gas  are  formed ;  that  3  volumes  of  chlorine 
combine  with  the  2  volumes  of  cari>on  in  the 
olefiantgas  to  form  (he  sdid  crystalline  chlo- 
ride; and  that  when  dilorine  acts  on  the  fluid 
compound  of  chlorine  and  olefiant  gas,  for 
every  volume  of  cblorine  that  combines,  an 
equal  volume  of  hydrogen  is  separated. 

He  verified  these  proportions  by  analysis, 
tnmsmitting  the  substance  in  vapour  slowly 
over  metals  and  metallic  oxides,  (chiefly  per- 
oxide of  copper.) 

The  composition  of  the  perchloride  of  csr- 
bon  is, 

.   3  prime  propordons  of  chlorine, 
2  carbon. 

Mr.  Faraday's  numbers  are  10Q.5  >f  1 1.4. 
According  to  the  numbers  adopted  in  this 
work,  they  are  13.5  +  1.6,  or  in  100  parts, 
90  chlorine  +  10  carbon. 

2.  ProtocMoride  of  carboiu      By  heating 
some  of  the  perchloride  in  a  glass  tube,  over  a 
spirit  lamp,  the  substance  at  first  sublimes ; 
but  as  the  vapour  becomes  heated  bdow«  it  is 
gradually  converted  into  protocUoride,  while 
chlorine  is  disengaged.    To  obtain  it  pure,  he 
passes  some  of  the  perchloride  to  the  sealed 
end  of  a  tubc^  and  fiUs  die  space  above  it  for 
10  or  12  inches  with  fVagments  of  rock-crys- 
tal.     The  part  of  die  tube  beyond  this  is 
bent  zigzag  2  or  3  dmes,  so  that  the  angles 
may  form  recdvers  for  the  new  body.     These 
angles  being  plunged  in  cool  water,  he  heats 
the  tube  and  rock-crystal  to  bright  redness; 
after  which  the  perdiioride  is  slowly  sublimed 
by  a  spirit  lamp  ;  and  on  pa^suig  into  the  hot 
part  of  the  tube  is  decomposed.     A  fluid 
passes  over,  which  is  condensed  in  the  angles 
of  the  tube,  and  chlurine  is  separated ;  part 
of  the  gas  escapes,  but  the  greater  portion  is 
retained  in  sdudon  by  the  fluid,  and  renders 
it  yellow.   Having  proceeded  thus  far,  we  uiay 
then  separate  the   bent  portion  of  the  tubie 
from  that  within  the  furoace,  by  the  skilful 
use  of  the  blowpipe,  which  will  seal  the  end 
of  the  tube.    This  now  forms  a  retort;  in 
which  we  may  chase  the  fluid  by  heat,  from 
one  end  to  another,  four  or  five  times ;  whereby 
the  excess  of  chlorine  will  be  expelled,  and 
the  ddoride  obtained  limpid  and  colourless. 
The  small  proportion  of  perchloride  which 


By  a  train  of  well-conducted  experiments. 


still  remains,  is  separable  by  another  distilla- 
don  in  vacuo,  at  a  heat  little  above  that  of  the 
atmosphere ;  the  protochloride  being  the  mate 
volatile  body,  and  evaporating  spe^y  in  tlie 
air  without  leaving  any  residuum. 

The  pure  protochloride  is  a  highly  limpid 
fluid,  and  perfecdy  colourless.  Its  specific 
gravity  is  1.6526.  It  is  a  non-conductor  of 
dectridty.  By  Dr.  WoUaston's  determination 
its  refracdve  power  is  1.4875,  being  very 
nearly  that  of  camphor.  It  is  not  combustible, 
except  when  hdd  hi  a  flame,  as  of  a  spirit 


Mr.  Farttday  asccrtahied,  that  1  volume  of    Uunp;  and  dien  it  bums  widi  a  bright  ydlow 
IS  lequiies  6  volumes  of  chlorine  for    light,  much  smoke,  and  fumes  of  muriadc 
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■etd.    ItdoesDOt  beoQiiMitiAiaAtdMxm»«r 

Fahrenheit's  scale.  When  its  temperatuie  ia 
ndsed  under  the  surface  of  water  to  between 
160«  and  nQ9  F.  it  ia  converted  into  vapour, 
and  remains  in  that  state  untU  the  temperature 
is  lowered.  It  is  insoluble  in  water;  but  it 
dissolves  readily,  in  alcohol  and  ether,  the 
fixed  and  volatile  oils.  It  is  not  soluble  In 
alkaline  or  acid  solutions. 

At  a  high  temperature  oxygen  deoomposea 
it,  forming  car1)onic  oxide  or  acid,  with  dia* 
engagement  of  ddorine. 

CMorine  converts  it  into  the  perddoride. 

With  iodine  it  forms  a  biilliaiit  red  solu- 
tion. 

"Wlien  hydrogen  and  liie  vapottt  of  the  pro- 
tochloiide  are  passed  through  a  led-hot  tube, 
there  is  a  complete  decomposition.  Bf  lii^tic 
add  gas  is  formed,  and  chacrcoal  is  deported. 
The  mixed  vapour  and  the  gas  bum  with 
flame  as  they  arrive  in  the  hot  part  of  the 
tube. 

Sulphur  and  phosphorus  dissolve  in  it; 
tind  the  latter  decomposes  it  at  a  red  heau  Its 
taction  on  metals  and  metaUie  Oxides  is  very 
similar  to  that  of  the  perdiloride.  By  an 
analysis  conducted  iii  the  same  way  as  diat  of 
the  perchloride,  Air.  Faraday  ascertained  that 
tills  Ifqald  chloride  is  composed  of  1  prime 
proportion  of  chlorine,  and  I  of  carbon,  or  by 
weight, 

Chlorine,        •        4.6 
Carbon,  -        075 

3.  Subefihride  of  carbon.  This  compound 
was  brought  to  England,  and  given  to  Mr. 
Richard  Phillips  and  Mr.  Faraday  by  M. 
Julin  of  Abo,  in  Finland,  having  been  formed 
during  the  disdliation  of  green  vitriol  and 
nitre  for  the  production  of  nitric  acid.  It  is 
a  solid  crystalline  body,  fusible  and  volatile 
by  heat  without  decomposition,  and  condens- 
ing into  crystals.  It  is  insoluble  in  water; 
but  soluble  in  alcohol,  ether,  and  essential  oils. 
It  sinks  in  water.  It  bums  with  a  red  flame, 
giving  off  much  smoke,  and  fumes  of  muriatic 
acid  gas.  Adds  do  not  act  on  it  When  its 
Vapoui^  is  highly  heated  in  a  tube,  decom- 
position takes  place,  chlorine  is  given  off,  and 
charcoal  deposited.  Potassium  burnt  with  it 
forms  chloride  of  potassium,  and  liberates 
diarcoal.  Its  vapour,  detonated  with  oxygen 
over  mercury,  formed  carbonic  acid  and  cWo- 
ride  of  mercury ;  passed  over  hot  oxide  of 
copper,  it  formed  a  chloride  of  copper  and 
carbonic  add ;  and  over  hot  lime,  it  occasioned 
ignition,  and  produced  chloride  of  caldum, 
jmd  carbonic  acid.    It  is  formed  of 

1  prime  proportion  of  chlorine, 

and  2  of  carbon. 

Jn  numbexv,  of  chlorine,        4.5  —  75 
carbon,  1.5      25 

100 

All  attempts  to  form  it  by  other  means  have 
failed. 


We  are  aln  {oMlBd  tA  iir.  ] 

a  triple  oompodmd  of  iodiii 
hydrogen* 

When  kdine  and  olefiant  j 
together  in  a  re(6tt  to  the  i 
fonned,  after  some  time,  nHowAem  drnttlay 
and  a  partial  vacuum  ia  jnodiuaed.  Tkie  re^ 
nduary  elastic  iluid  is  oleBant  gn.  Ttaeftee 
iodine  is  removed  by  a  sohitioo  oif  poladh,i4itt 
the  new  oompooDd  ia  dbtained  pate.  Itila 
aolid,  white,  crystafliDe  body,  with  a  swett 
taste,  and  aromatic  smdL  It  smka  xeadOy  in 
nilpliitxic acfid of  1.85.  Itisfinable^  and  it 
a  flon-conductoir  of  dectridty.  When  heated^ 
it  first  fosea,  and  then  aubliiMffHKttliovt'aiiy 
change.  Its  vapoiir  conAteoia  iMa  cryaMlik 
which  are  either  piisote  or  {dates.  Oft-beMfibig 
solid  after  fusion,  it  abo  cty*laJEBeBi&  vlafeea. 
The  eryscalf  are  tmnuiareat.  At  a  ba^*faeill 
it  ia  decompoaed,  ana  ibdine  Solved.  It  k 
not  readily  combustible.  It  is  ioaolabk  in 
water,  and  in  alkaline  and  add  aolatioBB^ 
but  it  28  soluble  in  alodidl  aild  ether;'  fiem 
which  soluiiioas  It  may  be  6btalfied  by  evapo* 
ration  in  crystsib. 

CARBONATES.  Omipoaiids  of  car- 
boDic  a^id  wifli  theialifiable  boaea.  They  are 
composed  either  of  one  prime  of  the  add  akid 
one  of  the  base,  or  of  two  of  the  acid  and  one 
of  the  bascb  The  former  set  of  cooapouada  ia 
called  carbonates,  the  latter  bicaiboiiatea.  See 
Cabbokic  Acid. 

As  the  system  of  chemical  equivalentB,  or 
atomic  theory  of  chemical  coinbiikatMD,  de« 
rivta  aome  of  its  fondamental  or  prime  pro- 
portions from  the  constitutioB  of  tbecartxjiiatea, 
their  analysis  requires  peculiar  precaiitioiia. 
In  the  Annals  of  Philoaopfay  for  Octobet, 
1617,  I  gave  a  descrijptioo  of  aDeW^iastniitKBt 
for  accomplishing  this  puipoae  with  the  mi- 
nutest  precision. 

The  usual  mode  of  analysis  ia  to  pnt  a 
given  weight  of  the  carbonaie  in  a  phial^  and 
add  to  it  a  certain  quantity  of  a  liquU  acid, 
which  will  dissolve  the  baae,  and  disengage 
the  carbonic  add.  I  found,  with  evroy  care 
I  could  take  in  diis  method^  that  variable  and 
uncertain  quantities  of  the  liquid  acid  were 
apt  to  be  carried  off  in  vapour  with  the  car-, 
bonic  gas,  while  a  pordon  of  this  gaseous  add 
was  generally  retained  in  the  saHne  fiqnid. 
HeQce»  in  the  analysis  of  crystallized  ^^T^ygnft^y 
of  lime,  the  most  uniform  of  all  compounds, 
We  have  the  following  discordant  resulta,  whidi 
are  of  importaoce  in  the  doctrine  of  equiva- 
lents:-^ 
3Ir.  Kirwan  makes  it  consist  of 

45      add  4-  65  lime, 
MM.  Aiken,        44  4-  56 

Dr.  Maroct,  43.9  -f  66.1 

Dr.  Wollaston,     43.7  -|-  56wS 

M.  Vauquelin,      43.6  +  56.6 

M.  Thenard,         43.28         -f  6&72 
Dr.  Thomson,      4S.137       +66.663 
If  we  deduce  the  bquin^Ueat  of  lime  from 
the  analysis  of  Dr.  MaKet.  so  weU  tmom 
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foffMi  phflwopMiml  «pittief^  we  lUH  htiH^  Hide  anlnttodiicfld  iiHoilw  onptj  tii(e,  tnd 

laDer=S&I  toeMlwDicMid^.<^.  nuuk  to  iBde  gently  alixtf  fato  the  gpiirartf 

I  addoeed  the  followuig  czperimcnfi,  ee.  The  inecrttiiMDt  ig  dieo  held  in  wmnf  e  hoL 

keted  from  emong  many  othei%  as  capableof  thafntal  poritioo  #ith  the  left  hand,  dte  top  df 

tknmiag  li(^tcn  the eauaeof these  TaaaiioDat  the  sphoraBd  lOMhig  against  the  breast,  wMh 


'•  Into  a  sBuU  pear-shaped  nssel  of  glassy 
with  a  long  neeh,  and  furaiihed  with  a  hoQow 
tpherical  stopper,  drawn  out,  above  and  bdow, 
into  m  tuhe  afanost  capillary,  aome  dilute  mu- 
riatic acid  waa  put.  The  whole  being  poised 
in  a  ddioato  beSaDes,  100  grsins  of  cak  spar 
in  rbiNQboidal  fngments  were  introdoeed,  and 
the  stopper  was  quisldy  Inserted  A  little 
while  after  the  scdutioD  was  coBupleted,  the 
diminittton  of  weight,  indicsting  tli^  loss  of 


a  small  fimnd  bent  at  its  mdnt,  hisetted  Into 
tile  orifice  of  the  tabe.  QmckailTer  is  now 
|»ured  in  tOS  it  be  filled,  wbidh  in  this  position 
il  aGoompUdied  in  a  few  seconds.  Should  any 
particles  of  air  he  entangled  among  the  mer- 
cury, they  aK  discharged  by  inverting  the  uu 
etrument,  having  dosed  the  orlfiee  with  the 
finger.  On  reverting  it,  snd  tapping  die  bdl 
with  tile  finger,  the' fiagmenia  of  spar'rise  to 
the  top.    Threeor  fbor  fanndiedth'iiaKsofa 


carhonic  add,  was  found  to  be  42.2  grains^    cubic  inch  of  mercoiy  being  displaced  ftem 
Withdrawing  the  stopper,  mdining  llie  vessd    tiie  mouth  of  the  tnbe,  that  bulk  of  dikrie 


to  one  side  for  a  few  minutes,  to  allow  the 
denae  gas  to  flow  out,  the  dinunution  became 
4^3.  Finally,  on  heating  the  body  of  the 
Yeasel  to  about  70o,  while  the  bellow  stopper 
WM  hot  cod,  small  bubbles  of  gas  escaped 


muriatic  add  is  poured  in ;  Chen  presshig  die 
fbrefinger  on  the  orifice,  and  indhdng  the 
instrument  forwards,  the  add  is  made' to  rifle 
dnough  the  quicksilver.  This^  as  it  is  dis- 
idaced  by  die  ceded  carbonie  add,  iUls  into 


from  the  liioJd»  and  die  loss  of  weight  was  «  sfnne-waie  or  fclass  basin,'  wltfahi  which  tie 

Ibsaad  to  be  43.65,  at  which  point  it  was  stA*-  instroment  stante  in  a  wooden  flame.    When 

tiooary.     This  is  a  tedious  process."    The  the  solution  is  completed,  the  apparent  volume 

iostnuBent  which  I  subsequently  employed  is  of  gas  is  noted,  the  mercury  in  the  two  legs  of 

^ikk.  in  its  operation,  and  still  more  accurate  the  syphon  Is  broughi  to  a  level,  or  the  dfflef- 

m  its  Ksulta.    It  eendsts  of  a  glass  tube  of  ence  of  hd^t' above  the  mereury  hi  the  badbi 

Ike  sam»  stmgth  and  diameter  with  th«t  is  observed,  as  alio  the  temperature  ef  the 

wnaSij  csnpk^d  for  barometers,  having  a  apartment,  and  the  hei^^t  or  the  baroAeteir. 

etioag  egg-shaped  bulb,  about  2  indies  lob«,  Then  the  ordinary  corrections  bdng  made,  ifc 

and  1^  wide,  blown  at  one  of  its  ends,  while  htfvd  the  exact  ^ndumeof  csrbonte  add  coitt. 

the  other  is  open  and  recurved  like  a  svphon.  tained  in  five  grains  of  csle  spar.    In  very  nn. 

The  saaight  part  of  the  tube,  between  the  ban 

and  bold,  is  about  ^  inches  loog.     The  ca» 

padty,  eawludve  of  the  curved  part,  is  a  little 

neve  than  d  cubic  inches.    It  is  accurately 


merous  ezperimenti,  whidi  I  have  mede  th 
very  dlfierent  drcutpstanees  of  atmospfaetleill 
{>res8ure  and  temperature,  the  results  hateuM 
varied  one*hundredth  of  a  cubic  inch,  on'flve 


graduated  into  cubic  inches  and  hundredth    grains,  cSre  bdng  had  to  scriien  the  instrument 
pasts,  by  the  sucoesnve  addldons  of  equal    froitai  the  radiation  df  the  sun  or  a  fire.  ' 


weights  of  quicksilver,  from  a  measure  thetw 
UMBBetric  tobc.  Seven  troy  ounces  and  66 
grafau  of  quidcsilver  occupy  the  bulk  of  one 
cabk  inch.  Four  and  a  half  such  portions 
bemg  hitioduced  will  fill  die  ball,  and  the 
beginning  of  the  stem.  The  point  in  the  tube, 
which  is  a  tangent  to  the  surface  of  the  merw 
eury,  is  marked  widi  a  file  or  a  diamond. 
Then  d4|  grains,  equal  in  volume  to  1-lOOth 
of  a  cubic  inch,  bei^  drawn  up  into  the  ther- 
iMtaieiBC  tube,  rest  at  a  cerUin  height,  which 
is  dso  marked.  The  same  measure  of  mer* 
auy  is  suceessivdy  introduced  and  marked  off, 
till  die  tube  is  fiUed. 

^  in  the  instrument  thus  finished,  l.200th 
«f  a  cubic  inch  occupies  on  the  stem  about 
1-14  of  an  inch,  a  space  very  distinguishable; 


As  there  is  absohitdy  no  acdm  exerdaed 
on  n^ercury  by  dilme  murhidc  add  at  ordi- 
nary temperatures;  as  no  peroepdble  difi^- 
eoce  is  made  in  the  bulk  of  air,  byintnfdudng 
to  it  over  the  mercury  a  litde  of  the  acid  by 
itsdf ;  and  as  we  can  expd  every  atom  of  car- 
bonic  add  firom  the  muriate  of  lime,  or  other 
saline  soludon,  by  gently  heating  that  poiBt 
of  the  tube  which  contains  it,  it  is  evident  ihat 
the  total  vdume  of  gaseous  product  nnist  be 
accuratdy  determined.  When  k  series  of  ei^- 
periments  is  to  be  peribrmed  in  %  short  spaoe 
et  time,  I  wash  the  qtdcksilver  with  water,  dry 
it  with  a  sponge  first,  and  then  with  waiin 
mufJin.  The  tube  is  dso  washed  Out  and 
drained.  According  to  my  esperimentK  with 
the  above  instrument,  ft'  gndns  of  calear^ooq 


The  weiithtef  oarbonic  add  equivalent  to  tiiat    spar  yield  4.7  cubic  inches  of  carbonic  'add. 


BOfliber,  is  less  than  1 -400th  of  a  grain.  The 
mede  of  using  it  is  perfecdy  simple  and  com- 
modioua,  and  the  analytiod  result  is  com- 
menly  obtained  in  a  few  minutes." 

For  example,  five  grains  d  calcareous  spar 
in  dnte  or  four  rhomboids  were  weighed  with 
great  caxe  in  a  balance  by  Cieighton,  which 
tsnis  with  TTn^linrvOf  *he  weight  to  die  scales. 


equivaksnt  to  43.616  per  oent  The  ^^erende 
between  diis  number  and  Dr.  WoUaston*s  i^ 
inconsiderable 

Among  odier  results  which  I  obtained  fimQi 
the  use  ofthe  above  instrument,  it  enabled  fne 
to  ascertain  the  true  compodtion  of  the'sub^ 
Hmed  caibonate  of  wnmonia,  whidi  dieinfsft 
had  previoualy  miMaken.     I  showed  m  thfe 
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AmuOs  of  nOowpliy  fyt  Sapeember,  18)7, 
th»t  thU  salt  oontaiiied  64.6  m  cttbonie  acid, 
3fk6  ammonia,  and  15  water,  in  100  parts; 
numbers  which,  being  translated  into  the  Lm- 
puage  of  equivalents,  approach  to  the  follow, 
mg  proportions : — 

Carbonic  add,  3  primes,        8.25  55.831 

Ammonia,       2  426  2&86 

Water,  2  2.25  15.25 

14.76  100.00 
As  this  vidatile  salt  possesses  the  carious 
property  of  passing  rea&y  from  one  system 
of  definite  proportions  to  another,  absolute 
accoKlanoe'  between  experiment  and  theory 
cannot  be  expected.  The  other  salt  gave  for 
its  constituents,  54.5  carbonic  add  +  22.8 
ammonia  +  22.75  water  =  100.  Now,  if 
these  Dumbers  be  referred  to  Dr.  WoUastim's 
oxygen  scale,  we  shall  have,*^ 

Theory.  Expt. 
2  primes  carinmic  add,  5.50    55.66    54.50 

1  ammonia,         2.13    21.56    22.80 

2  water,  2.25    22.78    22.75 

These  near  approximations  to  the  equiva* 
lent  ratios,  in  compounds  of  a  variable  nature, 
do  not  seem  to  have  attracted  notice  at  the 
time.  In  the  14th  Number  of  the  Journal  of 
Sdence,  Mr.  Phillips,  whose  attention  to  mi« 
nute  aceuracy  is  well  known,  has  published 
an  ingenious  paper  on  the  subject,  which  be- 
gbis  with  the  following  handsome  acknowledg- 
ment of  my  labours :  ^'  During  some  late  re- 
searches, my  attention  bang  directed  to  the 
composition  of  the  carbonates  of  ammonia,  I 
b^an,  and  had  nearly  completed  an  examina- 
tion of  them,  before  I  observed  that  they  had 
been  recently  analyzed  by  Dr.  Ure;  and  I 
consider  his  results  to  be  so  neariy  accurate, 
that  I  should  have  suppressed  mine,  if  I  had 
not  noticed  some  circumstances  respecting  the 
compounds  in  Question,  which  have,  I  beUeve, 
hitherto  escapea  observation.** 

Mr.  Phillips's  conomunication  is  valuable. 
It  presents  a  luminous  systematic  view  of  the 
cartx>nates  of  anunonia  and  soda. 

The  indications  of  the  above  analjrtical  in- 
strument are  so  minute,  as  to  enable  us,  by 
the  help  of  the  old  and  well-known  theorem 
for  computing  the  proportions  of  two  metals 
from  the  specific  gravity  of  an  alloy,  to  de- 
duce the  proportions  of  the  bases  from  the 
volume  of  gas  disengaged  by  a  given  weight 
of  a  mixed  carbonate.  A  chemical  problem 
of  this  nature  was  practically  solved  by  me, 
hi  presence  of  two  distinguished  Professors  of 
the  University  of  Dublin,  in  May  1816.  But 
such  an  application  is  more  curious  than  use- 
ful, since  a  slight  variation  in  the  quantity  of 
gas,  as  well  as  acddental  admixtures  of  other 
substances,  are  apt  to  occasion  considerable 
tnon.  It  determines,  however,  the  nature 
and  value  of  a  limestone  with  sufficient  prac- 
tical   precisian.    As  100  grains  of  magne- 


sian  liniMtoae  ylcU  00  ouMe  indies  of  gag, 
a  convenient  rule  for  if  is  forased  when  we 
say,  durt  10  grains  will  yield  10  eaUc  mAa. 
In  the  same  way,  marles  and  oommon  linae^ 
stones  may  be  examined,  by  aobjectiog  a  cer- 
tain number  of  grains,  in  a  gradnolied  syphon 
tube,  to  theactkn  of  alitUe  mnrialie  add  over 
mercury.  From  ike  buik  cfevohxd  gtt^  er- 
preued  im  culne  inckes  and  iemthgy  dedmet 
1-20M,  IheremcnmUr  wUlexpreu  ihepnpor* 
tion  of  real  UmetUnte  preteni  m  the  grmn 
employed, 
CARBONATE    op    BARYT£8.     See 

WiTREBITE. 

CARBONATE  of  LIME.    See  Cai.- 

CABB0U9  Spar. 

CARBONATE  OP  8TRONTIAN.    8ee 
STROKTiAir  and  Heavy  Spak. 

CARBONIC  ACID.    See  Acid  (Cab. 

BOVIC). 

CARBONIC  OXIDE.  Agueouseom. 
pound  of  one  prime  equivalent  of  carbosi,  and 
one  of  oxygen,  consisdng  by  weight  of  0.75  of 
the  former,  and  1.00  of  the  latter.  Hcnoe  the 
prime  of  the  compound  is  1.7^)  the  same  as 
that  of  azote.  This  gas  cannot  be  formed  by 
the  chemist  bv  the  direct  combination  of  its 
constituents ;  for  at  the  temperature  requisite 
for  effecting  an  union,  the  carbon  atttacts  its 
full  dose  of  oxygen,  end  dius  i 
nic  add.  It  may  be  procured  by  exp 
charcoal  to  a  long^continued  heat  Th 
products  consist  chiefly  of  carbonic  oxide. 
'  To  obtain  it  pure,  however,  our  only  pbn 
is  to  abstract  one  proportion  of  oxygen  from 
carbonic  add,  either  in  its  gaseous  state,  or  as 
condensed  in  the  carbonates.  Thus  by  zntio- 
ducing  well  calcined  charcoal  into  a  tube  tra- 
versing a  fomace,  as  is  represented  Plate  1. 
fig.  2. ;  and  when  it  is  heated  to  redness,  paaa. 
tng  over  it  backwards  and  forvarda,  by  means 
of  two  attached  mercurial  gasometers  or  blad- 
ders, a  slow  current  of  carbonic  add,  we  con- 
vert the  acid  into  an  oxide  more  bulky  than 
itself.  Each  prime  of  the  carbon  beoomea 
now  associated  with  only  one  of  oxygen,  in. 
stead  of  two,  as  before.  The  carbon  acting 
here  by  its  superior  mass,  is  enabled  to  cfiect 
the  thorough  saturation  of  the  oxygen. 

M.  Dumas  has  proposed  a  new  mediod  of 
procuring  carbonic  oxide.  He  mixea  salt  of 
wood-sorrel  (superoxalate  of  potash)  with  5 
or  6  times  its  weight  of  sulphuric  add,  in  a 
retort,  and  causing  the  mixture  to  boil,  obtaias 
a  considerable  quantity  of  a  gas,  compoaed 
of  equal  parts  of  carbonic  add,  and  carbonic 
oxide.  Absorbing  the  add  by  caustic  potaah, 
or  lime,  he  has  pure  carbonic  oxid&  Thia 
method  may  be  successfully  employed  to  i 
mine  the  salt  of  wood^orrel  of  < 
Supertartrate  of  potash  treated  in  the  i 
way  would  afford  oxide  of  carbon,  sulphunraa 
add,  carbonic  acid,  and  the  liquid  would  be- 
come eventually  black,  in  consequence  of  the 
evolution  of  diaicoaL    Pure  superoxalate  of 
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BOTCr  I^VQi  Out  Ml* 

and  the  snlpharic  acid  coi. 
fkftd  ranains  perfecdy  Umpid  nd  eoloiix- 

If  we  aubject  to  a  stvoog  heat,  in  a  gun 

banel  or  latort,  •  naxtme  oif  any  dij  eanbjr 

avbooate,  audi  as  chalk,  or  ourbouate  of  atnm- 

titeKf  with  metallie  filJon  or  cbaivoal,  the 

combined  acid  is  retolTcd  as  before  mto  the 

gaaeoits  oxide  cf  carbon.    The  most  cooTe' 

nient  miztaie  is  eqnal  parts  of  dried  chalk  and 

iroa,  or  sine  filings.    By  passiDg  a  numerous 

sueoeaaion  of  electric  exploswns  through  one 

Tolome  of  carbonic  add,  oonfioed  over  mer^ 

cniy,  two  volumes  of  carbonic  oxide,  and  one 

of  oxygen,  are  fonsed,  aooordiog  to  Sir  H. 

Dnry. 

The  specific  graWty  of  this  gas  is  stated  by 
G«y  liuasac  and  Thcnard,  from  theoretical 
conaideratioos,  to  be  0.9€782,  thou^  Mr. 
CrukiabaaVs  experimental  estimate  was 
a950A,  As  the  gas  is  formed  .by  withdraw- 
1119  fvom  avolame  of  carbonic  add  half  a  to- 
lame  of  oxygen,  while  the  balk  of  the  gas 
remains  unchanged,  we  obtain  its  specific  gra- 
vity by  subtracting  firom  that  of  carbonic  add 
lialf  the  specific  gravity  of  oxygen.  Hence 
1.6277  --  a6d65  =  0.9722,  difieijng  slightly 
firom  the  above,  in  oonaequeoce  of  t^  French 
fhrmits  rating  the  specific  gravity  of  the  two 
cKiginal  gMes  at  1.51961  and  1.10369.  Hence 
100  cubic  inches  weigh  29f  grtins  at  mean 
presaiue  and  temperature. 

This  gaa  bums  with  a  dark  blue  flame. 
Sir  H.  iMvy  has  shown,  that  though  carbonic 
oxide  in  its  combustion  produces  less  heat  than 
other  inflammable  gases,  it  may  be  kindled  at 
a  much  lower  temperature.  It  inflames  in  the 
atmosphere,  when  brought  into  contact  with 
SD  iran  wire  heated  to  duU  redness,  whereas 
cnfametted  hydrogen  is  not  inflanunable  by  a 
siraihir  wire,  unless  it  is  heated  to  whiteness, 
ss  as  to  bum  with  sparks.  It  requires,  for  its 
combustian,  half  its  volume  of  oxjrgen  gas, 
piodocing  one  volume  of  carbonic  add.  It 
ja  not  decomposable  by  any  of  the  simple  com- 
buatiblca,  except  potassium  and  sodium.  When 
potassium  is  heated  in  a  portion  of  the  gas, 
potash  is  formed  wich  the  predpitation  of 
charcoal,  and  the  disengagement  of  heat  and 
hght.  Perhaps  iron,  at  a  high  tempcnture, 
would  condense  the  oxygen  and  carbon  by  its 
Strang  affinity  for  these  substances.  Water 
cmdrtiscs  -^  €i  its  bulk  of  the  gas.  The  above 
prooeases  are  those  usually  prescribed  in  our 
systematic  works,  for  procuring  the  oxide  ot 
OBixxL  In  some  of  them  a  portion  of  car- 
bonic add  is  evolved,  which  may  be  withdrawn 
by  washmg  the  gaseous  product  with  weak 
lohitioo  of  potash,  or  milk  of  lime.  We  avoid 
the  chance  of  this  impurity  by  extricating  the 
gas  from  a  mixture  of  dry  carbonate  of  baiytes 
and  iron  filings,  or  of  oxide  of  dnc,  and  pre- 
viously calcined  charcoal.    The  gaseous  pro- 


dnet,  from  the  first  mixtnra,  iapweoiideaf 
carbon.  Oxide  of  iron,  and  pure  barytes,  ra- 
main  hi  the  retort  Carbonic  oxide,  when 
leaniied,  is  fatal  to  animal  life.  Sir  H.  Davy 
took  thnse  inspirationa  of  it,  mixed  with  about 
one-fourdi  of  common  air ;  the  efiect  was  a 
temporary  loss  of  sensation,  which  was  su^ 
ceeded  by  giddiness,  nckness,  acute  pains  in 
difierent  parts  of  the  body,  and  extreme  debi- 
lity. Some  days  eUpsed  before  be  entirdy  re- 
covered. Since  then,  Mr.  Witter  of  Dublin 
was  struck  down  in  an  apoplectic  condition, 
by  breathing  this  gas ;  but  ne  was  speedily  re- 
stored by  the  inhalation  of  oxygen.  See  an 
interesting  account  of  this  experiment,  by  Mr. 
Witter,  in  the  PhiL  Mag.  voL  43. 

When  a  mixture  of  it  and  chlorine  is  ex- 
pos^ io  sunshine,  a  curious  compound,  dig* 
covered  by  Dr.  John  Davy,  is  famed,  to 
which  he  ^ve  the  name  of  phosgene  gaa.  I 
shall  describe  its  properties  in  treating  of  chlo- 
rine. It  has  been  called  chlorocarbonic  add, 
though  chloiocarbonous  add  seems  a  more  ap>' 
propriate  name. 

CARBUNCLE,  a  gem  highly  prised  by 
the  andents,  probably  the  alomandine^  a  vbp> 
riety  of  noble  garnet. 

CARBURET  of  SULPHUR.  Called 
also  sulphuret  of  carbon,  and  alcohol  of  suU 
phur. 

This  interesting  liquid  was  originally  obi 
tained  by  Lampaditts  in  distilling  a  mixture 
of  pulverized  pyrites  and  charcoal  in  an  earthca 
retort,  and  was  considered  by  him  as  a  pecu- 
liar compound  of  sulphur  and  hydrogen.  But 


MM.  Clement  and  Desormes,  with  the  pre- 
cision and  ingenuity  which  distinguish  all  thdr 
researches,  &st  ascertained  its  true  oonstitutioM 
to  be  carburetted  sulphur ;  and  they  invented 
a  process  of  great  simplidty,  for  at  once  pre- 
paring it,  and  proving  its  nature.  Thoroughly 
caldned  charcoal  is  to  be  put  into  a  porodain 
tube,  that  traverses  a  furnace  at  a  slight  angle 
of  inclination.  To  the  higher  end  of  tiie  tube» 
a  retort  of  glass,  containing  sulphur,  is  luted  ; 
and  to  the  lower  end  is  attached  an  adopter 
tube,  which  enters  into  a  bottle  with  two  tuDu- 
lures,  half  full  of  water,  and  surrounded  with 
very  tx>ld  water  or  ice.  From  the  other  apev^ 
ture  of  the  bottle,  a  bent  tube  proceeds  into  the 
pneumatic  trough.  When  the  porcelain  tub^ 
b  brought  into  a  state  of  ignition,  heat  is  ai^ 
plied  to  the  sulphur,  which  subliming  into  the 
tube,  combines  with  the  charcoal,  forming  the 
liquid  carburet.  The  condusive  demonstnu 
tion  of  such  an  experiment  was  however  ques- 
tioned by  M.  BerthoUet,  jun.  and  CluzeL  But 
MM.  Berthdlet,  Thenard,  and  Vauquelin, 
the  reporters  on  M.  Cluzd*8  memoir,  having 
made  some  experiments  of  theur  own  upon  the 
subject,  conduded  that  the  liquid  in  queslbn 
was  a  compound  of  sulphur  and  carbon  only. 

Finally,  an  excellent  paper  was  written  on 
the  carburet  by  M.  Berselius  and  Dr.  ^farce^ 
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'who  Q0inhin6d  uie  raults  of  mH.  ClttDcoft 
«id  JhammeSy  and  added  Ukewfae  sevend 
importuit  filets* 

If  aboat  ten  parts  of  wdl  caldned  chaiooal 
In  powder,  miXied  with  fifty  parts  of  pulTeriaed 
tiatiTe  pyrites  (bisulphiuet  of  iron),  he  dis- 
tilled m>m  an  ear^en  retort,  into  a  tabulated 
teoeifer  surrounded  with  ioe^  more  tiian  one 
-part  of  sulphuret  of  carbon  may  be  obtained. 
If  we  employ  the  elegant  process  of  M.  Cle- 
ment, we  must  take  care  that  the  charcoal  be 
perfectly  calcined,  otherwise  no  caibonate  will 
be  obti^ed.  In  &eir  early  experiments,  they 
Uttached  to  the  higher  end  of  the  porcelain 
tube  a  glass  one,  containing  the  si^hur  in 
small  pieces,  and  pushed  mese  suocessirely 
fOTwardis  by  a  wire  passmg  air-tight  through  a 
owk,  at  the  up^  end  of  tlie  tube. 

Besides  the  liquid  carburet  there  is  fonned 
some  cart)urctted  and  sulphuretted  hydrogen, 
and  a  itddish-brown  solid  and  very  combusdble 
matter,  which  seems  to  be  sulphur  slightly 
earburetted.  This  substance  remains  almost 
entirely  in  the  adopter  tube.  The  liquid  car- 
biiret  occupies  the  bottom  of  the  receiver 
bottle,  and  may  be  separated  tiom  the  super- 
natant water,  by  putting  the  whole  into  a 
funnd,  whose  tube  is  dosed  with  the  finger, 
and  letting  the  denser  brown  carburet  fiow  out 
below,  whenever  the  distinction  of  the  liquid 
into  two  strata  is  complete.  Thus  obtained, 
Ihe  oarbiirtt  is  always  ydlowish,  containing  a 
•mall  excess  of  sulphur,  which  may  be  re- 
tfttoved  by  distillatian  ftom  a  glass  retort, 
Mmiged  in  water,  at  a  temperature  of  116«. 
"It  is  nOw  tnfosparent  smd  colourless,  of  a  pe- 
hetntfaig,  ftM  sm^ll,  and  ah  acrid  burning 
taste.  Its  specific  gravity  varies  fiom  1*2^ 
fe)  1-272.  According  to  Dr.  Marcet,  itlwfls 
^^dbw  110^;  according  io  M.  Theuird,  at 
113^  F. ;  and  the  tension  of  its  vapour  at 
72>5«i8  equivalent  toa  column  of  12*6S  inches 
of  mercury.  At  53-1^,  according  to  Marcet 
«nd  Berzditts,  the  tension  is  equivalent  to  a 
tolumn  of  7-4  inches,  or  one-fourth  of  the 
mean  atmospheric  pressure ;  hence  one-third  fs 
-added  to  the  bulk  of  any  portion  of  ahr,  with 
which  the  liquid  may  be  mixed.  A  spirit  of 
wine  thermometer,  having  its  bulb  surrounded 
With  cotton  doth  or  lint,  if  dipped  in  sulphuret 
of  carbon,  and  suspended  in  the  air,  sinks  from 
•W*  to  0».  If  it  be  put  into  the  receiver  of  ah 
air-pump,  and  a  moderate  exhaustion  be  made, 
it  shiks  rapidly  from  60<>  to  —  81**.  If  a  tube 
containing  mercury  be  treated  in  the  same 
"Way,  the  mercoiy  may  be  readily  frozen  even 
ii  summer*  The  drier  the  air  in  the  receiver, 
ihe  more  easily  is  the  cold  produced.  Hence 
the  presence  of  sulphuric  add  may  be  of  some 
service  in  removing  the  vapour  from  the  air 
in  the  recdver. 

This  carburet  may  be  cooled  to  —  80^  with- 
out congealing ;  a  condusive  proof  that  com- 
bination changes  completdy  the  constitution 
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of  bodka,  liMsefwo  i 

#onn  a  fluid  wUdi  we  eannot  aolUify. 

•  Hotted  body  approiMbfli  the  aiiifi»e  af  thr 

carburet,  it  inunediatdy  eatehca  fire,  and  boms 
with  a  blue  sulphuzona  flame.  Caibouc  and 
mlpfaunNis  tXMB  aie  exhaled,  and  a  htde 
aulphnris  deposited.  Ahett  of aboBt700» 
inflames  the  vapour  of  the  earimtet.  Oxygen 
dilated  by  it  over  mercozy  exploded  by  ibe 
dectiic  spaik,  with  a  vfolebt  deionatiao.  My 
eudiometer  is  peculiarly  adapted  to  the  e^u 
Mtion  of  this  experiment.  A  portion  cicxjgak 
being  introduced  into  the  sttled  1^  we  poor 
a  few  drops  of  the  Gari>niet  Ob  the  am&oeof 
thfie  mercmry  in  the  open  les,  and  doaing  this 
with  l2ie  finger,  tiansfier  the  liqaU  to  the  odier 
by  a  momentary  indination  of  the  syphon. 
The  expansion  of  volume  can  lie  now  most 
accuratdy  measured  by  bringing  the  merouy 
to  a  l(fevd  in  each  leg. 

The  subsequent  exploskm  oecaakma  no 
danger,  and  a  scarody  audible  report-  The 
Msuit  is'  a  true  analysk,  if  we  have  mixed 
oxygen  saturated  irith  the  vuwar,  nt  ordinaiy 
pfessnre  and  temperature,  whhaboutits  volume 
of  pure  oxygen ;  otherwise,  all  die  sulphur 
Would  not  be  oxygenated.  We  obtain,  thai, 
Bulphurous  and  carbonic  adds,  with  the  excess 
of  oxygen^  ' 

The  carburet  of  sulj^ur  disaolves  eamphor. 
It  does  not  unite  with  water ;  but  vciy  mdily 
With  alcdbol  and  ether.  With  dilorideof  ante 
it  forms  a  non-detofiating  oosnpoimd.  The 
waters  of  potash,  barytes,  and  lime,  alowly 
decompose  it,  with  the  evdudon  of  carbonic 
add' gas.  It  eombinee  with  ammonia  and 
Kme,  forming  carbe-sulpfauiiBt8.Tlie  oarinnec, 
aaturated  witti  ammonincal  gas,  fbsma  a  y^ 
low  pulverulent  substance,  which  soblimea 
nnaltered  in  close  vessels,  but  is  so  deliquesoent 
that  it  cannot  be  passed  from  one  veasd  to 
another  without  abioibuig  mDAstore.  When 
heated  in  that  state,  oyMsls  of  faydioaulphn^ 
ret  of  ammonia  form.  The  oompouad  with 
fime  is  made  by  heating  some  quicklime  in  a 
tube,  and  causing  the  vapour  of  cadKOt*  to 
pass  throu^  it  The  lime  beoomea  incan- 
descent  at  the  instant  of  oombmation. 

When  the  carburet  is  left  for  some  weeks  in 
contact  with  nitro-muriatic  add,  it  ia  eon- 
vetted  info  a  substanoe  hav&g  very  much  the 
Appearance  add  physical  propenies  of  cam- 
poor ;  being  soluble  in  alcohol  and  oUh, 
insoluble  in  water.  This  substance  ia,  aeo 
ing  to  Berzdius.  a  triple  add,  eompoaed  of 
two  atoms  of  muriadcadd,  one  atom  of  snl- 
phurous  acid,  and  One  atom  Of  casbonie  add. 
He  calls  it,  muriatioo^ulphunma-cBi^MNiic 
add. 

When  potasdum  is  heated  in  the  vapour  of 
the  carburet,  it  bums  with  a  reddiah  flame, 
and  a  black  film  appears  on  the  surface.  On 
admitting  water,  a  greenish  Solution  of  sul- 
phuret of  potash  is  obtained,  coolaining  a 
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mixtvite  of  ^wnotL  From  its  vapom  ]. 
dvoagh  ignited  muriate  of  rilTcr,  witMito^ 
cMiooitig  any  rednctioD  of.  tbe  m«ti^  it  is 
doBODitrated  that  this  carburet  is  destitnte  of 
Djorogecia 

Whea  the  eompound  of  potash,  water, 
and  carburet  of  salphur,  is  added  lo  metallijB 
solntiona,  predpitates  of  a  pecoliflr  kind, 
called  cvbo-gulphiiieCi^  are  obtained.  I^e 
foilowiDg  is  a  table  of  the  cokmza  of  the 


White  or  yeUoirish- 
white. 

Oreenish-grejr. 
While. 
Dark  red. 

Orange. 

Pale   onnge,   then 

brown. 
Dark  olive-green,  at 

last  black. 
A  fine  scarlet* 
Dark  brown. 

Black. 


lUfiate  of  cerium, 

Sulphate  of  manga* 

Snlphatfl  of  zilkc, 
PenEnuiata  of  iron, 
Salnnuriate  of  anti* 

mony, 
Mmiateoftin, 

Nitrate  of  cobalt, 

Nitnieaflead, 
Nitmte  of  copper, 
Piotomiiriate  of  mer- 

«»y« 
Permaiiate  of  mer- 
cury. Orange. 
Mmnateofsarer,             Reddiah-brown. 

Carburet  of  sulphur  was  found,  by  Dr« 
Biewatcr  to  exceed  all  fluid  bodies  in  lefhu^tive 
power,  and  even  the  solids,  flinuglass,  topasE, 
and  tourmaline.  In  dispersive  power  it  ex- 
ceeds every  fluid  substance  except  oil  of  cas^a, 
holding  an  intermediate  place  between  phos- 
phorus and  balsam  of  Tolu. 

The  best  method  of  analyzing  the  carburet 
of  sulphur  is  to  pase  its  vapour  over  ignited 
peroxxie  of  iron ;  though  the  analysis  was 
ikitflilly  effected  by  MM.  BerthoUet,  Vau. 
9Mfin,  and  Thenaid,  by  tiansmitliiig  the 
vapour  through  a  red-hot  copper  tube,  ok  a 
povodain  one  containing  copper  turnings. 
Bodi  the  first  metfacid,  as  employed  by  Bar* 
a^us,  and  the  second,  concur  in  showing  die 
carboiet  to  consist  of 

I  prime  of  carbon,        0-76    16-79 
S  primes  of  sulphur,     4-00    84-21 


4-75  10000 
Vauqnelin's  experimental  numbers  are,  from 
15  to  16  carbon,  and  from  86  to  85  sulphur ; 
and  those  of  Benelius  and  Maroet  are  15*17 
carbon,  and  84-83  sulphur,  in  100  parts. 

Of  die  cold  prodtioed  by  the  evaporation  of 
the  carburet  of  sulphur,  the  following  account 
is  given  by  Dr.  Thomson  in  the  thi^  volume 
of  his  Annals,  bdng  the  extract  of  a  letter 
wfaidi  he  received  from  Mr.  J.  Murray,  phi- 
loMfdiieal  lecturer  :-^^*  A  gins  of  water  has 
reuudned  on  the  table  since  the  preceding 
evening,  and  though  it  might  be  some  degrees 
beknr  ^  Ftfir.it  indicated  no  disposition  for 
conigdatioD.    A  ftw  diopi  of  tulphutet  of 


oarltan  were  i^iplied  to  the  suifiwa;  iastantly 
die  globules  became  cased  widi  a  idiell  of  iqf 
spiculie  of  retifbrm  texture.  Where  they  were 
in  contact  with  die  water,  plumose,  branches 
darted  from  the  sulphuret  as  from  a  centre  to 
the  bottom  of  the  vessel,  and  the  whole  be* 
came  solidified.  The  sulphuret  of  carbon  in 
die  interim  volatilized ;  and  during  this  period 
the  spicules  exhibited  the  colours  of  the  solar 
spectrum  in  beautiful  array.*'  g 

CARBURETTED  HYDROGEN  GAS. 
Of  this  compound  gas,  formerly  called  heavy 
if{/lammable  mr,  we  have  two  species,  difiering 
in  the  propordons  of  the  consdtuents.  T^ 
first,  conaisdxig  of  1  prime  equivalent  of  each, 
is  carburetted  hydn^^ ;  the  second,  of  1  prime 
of  carbon,  and  2  ^hydrogen,  is  sulxarbu- 
retted  hydrogen.  1.  Carburetted  hydrogen, 
the  percarburetted  hydrogen  of  the  French 
qhenilsts,  is,  according  to  Mr.  Brande,  the 
only  definite  compound  of  these  two  elements. 
To  prepare  it,  we  mix,  in  a  glass  retort,  1  part 
of  alcohol  and  4  of  sulphuric  acid,  and  expose  «' 
the  retort  to  a  moderate  heat.  The  gas  is 
usually  received  over  water;  though  De 
Qaussure  states  that  this  liquid  absorbs  more 
than  l-7th  of  its  volume  of  the  gas.  It  is 
destructive  of  animal  life.  Its  spedfic  gravity 
is  0-078,  according  to  Saussure.  100  cubic 
inches  weigh  28*80  gr.  It  possesses  all  the 
mechanical  properties  of  air.  It  is  invisible 
and  void  of  taste  and  smell,  when  it  has  been 
washed  from  a  litde  ethereous  vapour.  The 
effect  of  heat  on  this  gas  is  curious.  When 
paased  through  a  porcelain  tube,, heated  to  a 
cherry-red,  it  lets  fall  a  portion  of  cluucoal,  and 
nearly  doubles  its  volume.  At  a  higher  tem- 
perature it  deposits  more  charcoal,  and  aug- 
ments in  bulk ;  till  finally,  at  the  greatest  heat 
to  which  we  can  expose  it,  it  lets  fall  almoat 
the  whole  of  its  carbon,  and  assumes  a  t 
volume  3^  times  greater  than  it  had  at  first. 
These  remarkable  results,  observed  with  great 
care,  have  induced  the  illustrious  BorthoUet 
tp.  conclude,  widi  much  plattsibility>  that  hy- 
drogen and  carbon  combine  in  mainr  successive 
proportions.  The  transmission  of  a  series  of 
electric  sparks  through  this  gas  produces  a 
similar  effect  with  that  of  simple  heat 

Carburetted  hydrogen  burns  with  a  qplendid 
white  flame.  When  mixed  with  diree  times 
its  bulk  of  oxygen,  and  kindled  by  a  taper  or 
the  electric  spark,  it  explodes  with  great  vio- 
lence,  and  the  fbnr  volumes  are  converted  into 
two  volumes  of  carbonic  add.  But  two 
volumes  of  carbonic  add  contain  two  volumes 
of  oxygen.  The  remainbig  volume  of  oxygen 
therefore  has  been  expended  in  forming  water 
with  two  volumes  of  hydrogen.  Hence  the 
original  volume  of  carburetted  hydrogen  was 
mide  up  of  these  two  volumes  of  hydrogen  = 
0-1388  (0*0604  X  2)  -f  2  volumes  of  gaseous 
carbon  =  0-8333,  constituting  I  condensed 
volume  =  0-9722.  By  gaseoua  carbon  is 
meant  the  vapour  of  this  solid,  u  it  exists  in 
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cubonic  add ;  the  density  of  which  vapour 
Is  found  by  subtracting  the  Rpecific  gravity  of 
bxygen  ftom  that  of  carbonic  add.  Hence 
15277—  Mill  =  0-4166,  reprwenta  the 
density  of  gaseous  carbon.  M.  Thenard  says, 
that  if  we  mix  the  percarburetted  hydn^enat 
once  with  three  tunes  its  volume  of  oxygen,  the 
eudiometer  would  be  broken ;  so  sudden  and 
powerfiil  is  the  expansion.  The  eudiometer 
I  referred  to  is  that  of  Volta,  which  costs  three 

guineas  in  Paris.  My  eudiometer,  which  does 
not  cost  three  shillings,  bears  the  explosive 
violence  of  the  above  mixture,  without  any 
Anger.  (See  Eudiometer).  When  it  is 
detonated  with  only  an  equal  volume  of  oxy. 
gen,  it  expands  greatly,  and  the  two  volumes 
become  more  than  three  and  a  half.  In  diis 
case  only  l-8th  or  1-lOth  of  a  volume  of  car- 
bonic acid  is  formed,  but  more  than  a  volume 
and  a  half  of  carbonic  oxide :  a  little  hydrogen 
is  consumed,  but  the  greatest  part  remains 
^  untouched  and  mixed  with  the  carbonic  ox- 
1  ide.  It  may  be  separated  by  combustion  with 
chlorine. 

If  we  refer  the  weights  above  found,  tram 
fhe  combining  volumes,  to  the  equivalent 
oxygen  scale,  wc  shall  have  the  gas  consisting 
of  1  prime  of  each  constituent. 

For  01388  :  0125::  8333  :  0-752;  now 
0-126  and  0*750  represent  the  prime  equiva- 
lents  of  hydrogen  and  carbon. 

When  this  gas  is  mixed  with  its  own  bulk 
of  dilorine,  the  gaseous  mixture  is  condensed 
over  water  into  a  peculiar  oUy-looking  com. 
pound.  Hence  this  carburetted  hydrogen  was 
called  by  its  discoverers,  the  associated  Dutch 
chemiste,  olefiant  gat.  MM.  Robiquet  and 
Colin  formed  this  liquid  in  considerabie  quan- 
tities, by  making  two  currents  of  its  consti- 
tuent gases  meet  in  a  glass  globe.  The  olefiant 
•  gas  should  be  in  rather  larger  quantity  than 
the  chlorine,  otherwise  the  liquid  becomes  of 
a  green  colour,  and  acquires  acid  properties. 
When  it  is  washed  with  water,  and  distilled  off 
dry  muriate  of  lime,  it  may  be  regarded  as 
pure.  It  is  then  a  limpid  colourless  essence 
of  a  pleasant  flavour,  and  a  sharp,  sweet,  and 
not  disagreeable  taste.  At  45*  its  specific 
gravity  is  2-2201.  Its  boiling  point  is  152». 
At  49®  its  vapour  is  said  to  be  capable  of  sus- 
taining a  column  of  24|  inches  of  mercury. 
The  specific  gravity  of  the  vapour  is  3.4434, 
ooropared  to  atmospheric  air.  But  that  quan- 
tity is  the  sum  of  the  densities  of  chlorine 


and  olefiant  gas.     It  will  consfA  theicAve  hy 

weight  of 
Olefiant  gas,  0-9722  (2  X  0*875)  1-75 
Chlorine,         2-600  4-60 

3*4722  6-25 

Or  two  primes  of  tlie  first,  and  one  of  dse  se- 
cond.  Its  ultimate  constituents  are  therefore 
1  chbrine,  2  carbon,  and  2  hydrogen.  This 
essence  bums  with  a  green  flame,  mm  which 
charcoal  is  deposited,  and  muriadc  add  gas 
flies  off.  Decomposition,  with  similar  results, 
is  effected  by  passing  the  liquid  through  a 
red-hot  porcelain  tube.  Its  oonadtation  pro. 
bably  resembles  that  of  muriatic  ether. 

Olefiant  gas  is  elegantly  analyzed  by  heat- 
ing sulphur  in  it  over  mercury.  One  cubic 
inch  of  it,  with  2  grains  of  sulphur,  yields  2 
cubic  indies  of  sulphuretted  hydro^n^  and 
diarcoal  is  deposited.  Now  we  know  that  the 
latter  gas  contains  just  its  own  volanie  of  hy- 
drogen. 

2.  Subcarburetted  hydrogen.  Thu  gas  i» 
supposed  to  be  procured  in  a  state  of  ddfiaite 
composition,  from  the  mud  of  stagnant  pools  or 
ditches.  We  have  only  to  fill  a  wide-naonthed 
goblet  with  water,  and  inverting  it  in  the 
ditch-water,  stir  the  bottom  with  a  sticL 
Gas  rises  into  the  goblet. 

The  fire-damp  of  mices  is  a  similar  gas  to 
that  of  ditches.  There  is  in  both  cases  an 
admixture  of  carbonic  add,  which  lime  or 
potash  water  will  remove.  A  proportion  of 
air  is  also  present,  the  quantity  a^  which  can 
be  suicertained  by  analysis.  By  igniting  acetate 
of  potash  in  a  gun-barrel,  an  anak^ous  spe- 
cies of  gas  is  obtained.  According  to  M. 
Berthollet,  the  sp.  gr.  of  the  carburctfwt 
hydrogen  from  ditch  mud,  exclusive  of  the 
azots,  is  0-6382. 

Subcarburetted  hydrogen  is  destitute  of 
colour,  taste,  and  smelL  It  bums  with  a 
yellow  flame,  like  that  of  a  candle.  When 
mixed  with  twice  its  volume  of  oxygen  and 
exploded,  we  obtain  exactly  its  own  bulk  of  car- 
bonic acid,  while  water  is  precipitated.  W'c 
can  hence  infer  the  composition  of  subcarbu- 
retted hydrogen.  For  of  the  two  volumes  of 
oxygen,  one  remains  gaseous  in  the  carbonic 
acid,  and  another  is  condensed  with  two 
volumes  of  hydxt'igen  into  water.  1  volume 
of  vapour  of  carbon  -}-  2  volaroes  of  hydrogen, 
condensed  into  1  volume,  compose  subcarbu- 
retted hydrogen  gas.    Thus  in  numbers, 


1  volume  of  gaseous  carbon  =0.4 1 66 

2  do.  hydrogen  =0.1388  (0.126 


0.76  =  1  prime 
:  2)  =  0.25  =  2  prime 


primes 


0.5664 


1.00 


Here  we  see  the  specific  gravity  0-6554  is 
very  near  the  determination  of  BerthoUet.  We 
also  perceive  the  compound  prime  to  be  1  -000, 
the  same  as  oxygen.  Berthollet  says  that  the 
carburetted  hydrogen  obtained  by  exposing 


olefiant  gas  to  an  intense  heat  contains  2  of 
hydrogen  to  1  of  carbon  by  weight.  This 
proportion  corresponds  to 

12  primes  of  hydrogen =1-5 
And    1    da    of  carbon     =0-75 
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At  the  gitt  of  ditdia  and  the  dioke4amp 
of  minei  is  evidently  derived  from  the  action 
of  water  on  decaying  vegetable  or  caibona- 
ceoos  matter,  we  can  understand  that  a  similar 
imduct  wiU  be  obtained  by  passing  water  ovec 
ignited  cbarooal,  or  by  heatxi^f  moistened  char- 
eoal  or  vegetable  matter  in  letorts.  The  gases 
are  here,  however,  a  somewhat  complex  mix- 
tuve,  as  well  as  what  we  obtain  by  igniting 
piucoal  and  wood  in  iron  retorts.  (See  Coai. 
Oas).  The  combustion  of  subcarburetted 
hydrogen  with  common  air  takes  place  only 
when  they  are  mixed  in  certain  proportions. 
If  from  5  to  12  psrts  of  air  be  mixed  with  one 
of  carbitretted  hydrogen,  we  have  explosive 
mixtures.  Proportions  beyond  these  limits 
win  not  explode.  In  like  manner,  from  1  to 
2^  of  oxygen  must  be  mixed  with  one  of  the 
combustible  gas,  otherwise  we  have  no  ex- 
plosion. Sir  H.  Davy  says  that  this  gas  has  a 
disagreeable  empyteomatic  smell,  and  that 
water  abflorfasl.dOth  of  its  volume  of  it.  See 
Oil  Gas. 

CARICA  PAPAYA.  Papaw  tree.  Every 
port  of  the  papaw  tree,  except  the  ripe  fruit, 
afibrds  a  milky  juice,  which  is  used  in  the  Isle 
of  iVance  as  an  effectual  remedy  for  the  tape. 
woim.  In  Europe,  however,  whither  it  has 
been  sat  in  the  concrete  state,  it  has  not 
answered. 

The  most  remarkable  drcumstaocc  regard- 
m^  the  papaw  tree,  is  the  extraction  from  its 
joice  of  a  matter  exactly  resembling  the  flesh 
or  fibre  of  animals,  and  hence  called  vegetable 
/briu  ;  which  see. 

CARINTHINE.  A  sub-species  of  the 
Bunend  Augite.  Colour  blade.  Occurs  mas- 
Rve  and  disseminated.  Internally  splendent. 
Reaao-vitreous.  Distinct  cleavage  of  ]24<' 
U^»  Fracture  condioidaL  Greenish-black 
variety;  translucsnt  on  the  edges,  vdvet-black, 
•psque.  Occurs  m  the  Saudpe  in  Carintfaia, 
io  a  bed  in  prindtive  rock,  associated  with 
quartz,  kyanite,  garnet,  and  zoizite.— i/am^- 

MB. 

CARMINE.  A  red  pigment  prepared 
from  oodiineal.     See  Lake. 

CARNELIAN  is  a  sub-spedes  of  caloe- 
dooy.  Its  colours  are  white,  yellow,  brown, 
md  red.  It  has  a  ooochoidal  fracture,  and  a 
^edfic  gravity  of  2.6.  It  is  semitransparent, 
aid  has  a  glxstenug  lustre.  It  consists  of  94 
tOi^  3.5  alumina,  and  0.75  oxide  of  iron. 
The  finest  specimens  come  from  Cambay  and 
Swat  in  Indi&.  It  is  found  in  the  channels 
of  tonents  in  Hindostan,  in  nodules  of  a 
lilsckish-olive,  passing  mto  grey.  After  ex- 
posure for  some  weeks  to  the  son,  these  are 
objected  to  heat  in  earthen  pots,  whence  pro- 
ceed the  livdy  colours  for  which  they  are 
^Dcd  in  jew^ery.  It  is  softer  than  common 
^Icedony. 

CAROMEL.  The  smeU  exhaled  by  su- 
(v,  at  a  calcining  heat. 

CA&PHOLITE.   Thitmineral  is  yellow, 


but  sometimes  colourless.  It  occun  in  mi.  , 
nute  crystals,  generally  in  a  radiating  form  ^ 
also  amorphous.  In  this  state  it  is  white, 
Sp.  grnv.  2.935.  It  consists  of,  silica  37*53  ; 
alumina  26.47;  oxide  of  manganese  1&3S; 
protoxide  of  iron  6.27;  water  11.36.  It 
fuses  at  the  blowpipe  with  intumescence, 
whitens,  and  then  becomes  a  brown  opaque 
class.  It  is  found  at  Schlackenwalde  in  Bo- 
hemia.    Phillips's  Mtneraiogy, 

CARTHAMUS,  SAFFLOWER,  or 
BASTARD  SAFFRON.  In  some  of  the 
deep  reddish,  ydlow,  or  onnge-colottred 
flowers,  the  ydlow  matter  seems  to  be  of  th^ 
same  kind  with  that  of  the  pure  yellow  flowers; 
but  the  red  to  be  of  a  different  kind  from  the 
pure  red  ones.  Watery  menstrua  take  up 
only  the  yellow,  and  leave  the  red,  which  may 
afterward  be  extracted  by  alcohol,  or  by  a 
weak  solution  of  alkalL  Sudi  particularly 
are  the  saffron-coloured  flowers  of  carthamus. 
These,  afrer  the  yellow  matter  has  been  ex- 
tracted by  water,  are  said  to  give  a  tincture  io 
ley ;  from  which,  on  standing  at  rest  for  some 
time,  a  deep  red  fecula  subsides,  called  saf- 
flower,  and  from  the  countries  whence  it  i» 
commonly  brought  to  us,  Spanish  red  and 
China  lake.  This  pigment  impregnates  alco- 
hol with  a  beautiful  red  tincture ;  but  commu- 
nicates no  colour  to  water. 

Rouge  is  prepared  from  carthamus.  For 
this  purpose  the  red  colour  is  extracted  by  a 
solution  of  the  subcarbonate  of  soda,  and  pre. 
dpitated  by  lemon  juice  previously  depurated 
by  standing.  This  precipitate  is  dned  on 
earthen  plates,  mixed  with  talc,  or  French 
chalk,  reduced  to  a  powder  by  means  of  the 
leaves  of  shave-grass,  triturated  witli  it  till  they 
are  both  very  fine,  and  then  siiled.  The  fine- 
ness of  the  ,powder  and  proportion  of  the  pre- 
cipitate constitute  the  difference  between  the 
finer  and  cheaper  rouge.  It  is  likewise  spread 
very  thin  on  saucers,  and  sold  in  this  state  for 
dyeii^. 

Carthamus  is  used  for  dydng  silk  of  a  poppy, 
dierry,  rose,  or  bright  orange-red.  After  the 
ydlow  matter  is  extracted  as  above,  and  the 
cakes  opened,  it  is  put  into  a  deal  trough,  and 
sprinkled  at  different  times  with  pearl  ashes, 
or  rather  soda,  wdl  powdered  and  sifted,  in 
the  proportion  of  six  pounds  to  a  hundred, 
mixing  the  alkali  well  as  it  is  put  in.  The 
alkali  should  be  saturated  with  carbonic  acid. 
The  carthamus  is  then  pot  on  a  doth  in  a 
trough  with  a  grated  bottom,  placed  on  a  larser 
trough,  and  cold  water  poured  on,  till  me 
larger  trough  is  filled.  And  this  is  repeated, 
wiUi  the  addition  of  a  little  more  alkali  toward 
the  end,  till  the  carthamus  is  exhausted  and 
become  yellow.  Lemon  juice  is  then  poured 
into  the  bath,  till  it  is  turned  of  a  fine  cherry 
colour,  and  after  it  is  wdl  stirred,  the  silk  is 
immersed  in  it.  The  silk  is  wrung,  dmined, 
and  passed  through  fresh  baths,  washing  and 
drying  afrer  every  operation,  till  it  is  of  a  pro- 
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per  ooioar ;  when  it  ia  InighteDed  in  hot  water 
god  lemon  jaice.  For  a  popfpy  or  fire  colour  a 
alight  aonotto  ground  is  first  giveo ;  bat  the 
ailk  should  not  be  alumed.  For  a  pale  car- 
nation a  little  floap  should  be  put  into  the  bath. 
AU  these  baths  mast  be  used  as  soon  as  they 
are  made,  and  cold,  because  heat  destroys  the 
colmir  of  the  red  fecula. 

CARTILAGE.    An  elastic,  semitranspa. 

rent,  animal  solid,  which  remains  of  the  shape, 

and  one-third  the  weight  of  the  bones,  when 

die  calcareous  salts  are  removed  by  digestion 

.^Jii  dilute  muriatic  acid.    It  resembles  coagu- 

■Ikted  albumen.    Nitric  add  converts  it  into 

^gdadn.   With  alkalis  it  forms  an  animal  soap. 

Cartilage  is  the  primitive  paste,  into  which  the 

calcareous  salts  are  deposited  in  the  young 

atdtnal.     In  the  disease  rickets,  the  earthy 

matter  is  withdrawn  by  morbid  absorption, 

and  the  bones  return  into  the  state  nearly  of 

flexible  cartilage.     Hence  arise  the  distortions 

characteristic  of  this  disease. 

CASE-HARDENING.  Steel  when  bar- 
dened  is  brittle,  and  iron  alone  is  not  capable 
of  recdving  the  hardness  steel  may  be  brought 
to  possess.  There  is  nevertheless  a  variety  of 
articles  in  which  it  is  desirable  to  possess  all 
the  harness  of  steel,  together  with  the  tough- 
nets  of  iron.  These  requisites  are  united  in 
the  artof  case-hardening,  which  does  not  differ 
ftom  the  making  of  steel,  except  in  the  shorter 
duzatk>n  of  the  process.  Tools,  utensils,  or 
onaments  intended  to  be  polished,  arc  first 
manofkctured  in  iron  and  nearly  finished, 
after  which  they  are  put  into  an  iron  box, 
together  widi  vegetable  or  animal  coals  in 
powder,  and  cemented  for  a  certain  time. 
This  treatment  converts  the  external  part  into 
8  coating  of  steel,  which  is  usually  very  thin, 
because  the  time  allowed  for  the  cementation 
is  much  shorter  than  when  the  whole  is  in- 
tended to  be  made  into  steel.  Immersion  of 
the  heated  pieces  into  water  hardens  the  sur- 
face,  which  is  afterward  polished  by  the  usual 
methods.  Moxon*s  Mechanic  Exerdses,  p. 
66.  gives  the  following  receipt  :-<Cow's  horn 
or  hoof  is  to  be  baked  or  thoroughly  dried,  and 
pulveriased.  To  this  add  an  equal  quantity 
of  bey  salt:  mix  them  with  stale  chamber, 
ley,  or  white  wine  vinegar:  cover  the  iron 
with  this  mixture,  and  l^  it  in  the  same  in 
kiam,  or  endose  it  in  an  iron  box :  lay  it  then 
OQ  the  hearth  of  the  forge  to  dry  and  harden : 
(ben  put  it  into  die  fbe,  and  blow  till  the 
himp  have  a  blood-red  heat,  and  no  higher, 
lest  the  mixture  be  burned  too  much.  Take 
the  iron  out,  and  immerse  it  in  water  to 
harden. 
CASEIC  ACID.    The  name  which  Proust 

gave  to  a  substan^.of  an  acid  nature,  which 
e  extracted  from  cheese;  and  to  which  he 
ascribes  many  of  the  properties  of  this  apedes 
ofibod. 

CASSAVA.     An  American  plant,    the 
jairopha  tnanihat^  contains  the  nutritive  starch 


eaaaava,  cnriooaly  aaaodated  with  »  deadly 
pdsonona  juice.  The  roots  <if  jatr^ta  are 
squeezed  in  a  bag.  The  t^saava  remaim  in 
it ;  and  the  juice,  which  is  used  by  the  In- 
dians to  poison  their  anowa,  gradvaQy  lets 
iall  some  starch  of  an  innooent  and  voy  nu- 
tritious quaUty.  The  whok  eotid  matter  is 
dried  in  smoke^  ground,  and  made  into  biead. 

CASSIUS'S  Purple  PrtdpitMc.  See 
Gold. 

CASTOR.  A  soft  greyidwydlow  or  Bght- 
brown  substance,  found  in  four  begs  in  the 
inguinal  regk»  of  the  beavar.  In  a  warm 
air  it  grows  by  degrees  bard  and  brittle,  and 
of  a  £irker  colour,  eapectaUy  when  dried  in 
diimneys,  as  is  usually  done.  Aeooading  to 
Bouillon  La  Grange,  it  consials  of  a  nmdli^ 
a  bitter  extract,  a  resin,  an  essential  oil,  in 
which  its  peculiar  smell  appean  to  rende,  and 
a  flaky  crystalline  matter,  much  resembling 
the  adipocere  of  biliary  calculL 

Castor  is  regarded  as  a  powerful  antispas- 
modic. 

CASTORINA.  A  light  powder  precfja- 
tated  from  alcohol  which  had  been  boiled  Ibr 
some  time  on  one  sixth  its  weight  of  castor. 
On  redissolution  in  hot  alcoh<^  prismatic 
adeular  crystals  were  obtained  <  diapheeoiis 
and  white.  These  dissolve  readily  in  etb«r. 
When  heated  they  fuse  and  appear  to  boiL, 
emitting  vapours  which  bum  brilliantly  in  the 
air.  They  do  not  give  aromoDia  in  destmc 
tive  distillation.  Bizio  in  the  Gior.  deFinta. 
vii.  174. 

CATECHU.  A  brown  astringent  sub- 
stance,  formerly  known  by  the  name  of  Japan 
earth.  It  is  a  dry  extract,  prepeoed  from  the 
wood  of  a  species  of  sensitive  plant,  the  «Ri- 
ffiota  catecfiUM  It  is  imported  into  this  countiy 
horn  Bombay  and  Bengal  Aoeoidih^  to  Sir 
H.  Davy,  who  analysed  it,  that  horn  Bombay 
is  of  uniform  texture,  red-brown  colour,  and 
apedfic  gravity  1.39:  that  from  Bengal  is 
more  friable  and  lesa  consiateat.  of  a  diooolate 
colour  externally,  but  internally  chocolate 
streaked  with  red-brown,  and  specific  gravity 
1.2a  The  catechu  from  dther  place  difieis 
little  in  its  properties.  Its  taste  is  astiringcot, 
leaving  behind  a  sensation  of  aweetneaa.  It  is 
almoat  wholly  soluble  in  water. 

Two  hundred  grains  of  picked  calecfan  from 
Bombay  afibrded  109  gnuns  of,. tannin,  66 
extractive  matter,  13  mndlage,  10  residuum, 
chiefly  sand  and  calcareous  earth.  The  same 
quantity  from  Bengal :  tannin  97  grains,  ex- 
tractive matter  73,  mudlage  16,  residual  mat- 
ter, being  sand,  with  a  email  quantity  of  cal- 
careous and  aluminous  eartha,  14.  Of  the 
ktto',  the  darkest  parts  appeared  to  afloid 
moat  tannin,  the  ligfateat  most  extractive  nut- 
ter. The  Hindoos  prefer  the  lightest  ooloured, 
which  has  probably  most  sweetness,  to  cbev 
with  the  betel-nut. 

Of  all  the  astringent  substances  we  knov, 
catechu  a]q[>ear8  to  contain  the  largest  pro- 
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portion  of  umnin ;  and  Mr.  PurkU  found, 
that  one  pound  wm  equivalent  to  aeven  or  eight 
of  oak  buk  for  the  purpose  of  tanning  leatlMr. 
As  a  medicine  it  has  been  feoommaided  is 
a  povnful  astringent,  and  a  tincture  of  it  is 
naed  for  Qus  purpose ;  but  its  aqueous  eolo- 
tion  is  IcM  initatiiig.  Made  into  troches  with 
gum  arable  and  sugar,  it  is  an  elegant  prepa- 
ntioii«  and  in  this  way  is  said  much  to  assist 
the  deameisof  the  voice,  and  to  be  remarkably 
lervieeahle  in  disorden  of  the  duoat. 

CAT'S  EV£.  A  mineral  of  a  bcautUnl 
sppeavanee,  brought  from  Ceylon. 

Its  ooloniB  aie  grey,  green,  brown,  red,  of 
rarious  ahades.  Its  internal  lustre  is  sinning, 
its  •fracnire  imperfectly  oonchoidal,  and  it  is 
uanalneent.  '  From  a  peculiar  play  of  light, 
•riaiiig  from  white  fibres  interspersed,  it  has 
derived  its  nameb  The  French  call  the  ap. 
peanmee  tkaioyanU  It  scratdies  quarts,  is 
easily  broken,  and  resists  the  blowpipe.  Its 
»p.  gr.  is  2.64.  Its  constituenu  are,  according 
to  JEGipRMh,  96  silica^  1.75  alumina,  1.5  lime, 
and  €l25  oxide  of  iron.  It  is  valued  for 
aetdog  as  a  precious  stone. 

CAUSTIC  (LUNAR).  Fused  nitrate  of 
alvcr.    See  Silter. 

CAUSTICITY.  All  substances  which 
have  ao  strong  a  tendency  to  combine  with  the 
pcindpiea  of  organized  substances  as  to  destroy 
their  tcKture,  are  said  to  be  causde.  The 
diicf  of  these  are  the  concentrated  adds,  pure 
alkalis,  and  the  metallic  nalfs. 

CAUTERY  (POTENTIAL).  See 
Caustic. 

CAWK.  A  torn  by  which  the  mhiers 
distinguish  the  opaque  specimens  of  sulphate 
<if  bastes. 

CELESTINE.  Nadvc  sulphate  of  stroo- 
titcs.  This  mineral  is  so  named  from  its 
•ecasiooal  delicate  blue  cokmr;  though  it  is 
fieqnently  found  <it  other  shades,  as  white, 
Rreyish,  and  yellowish  white  and  red.  It 
oecun  both  massive  and  crystallised.  Some- 
times also  in  fibrous  and  stdUted  forms. 
Aceonfing  to  Haiiy,  the  primitive  form  is  a 
right  rfaombmdal  prism,  eS  1M«  48'  and  7fio 
IS'.  Hie  reflecting  goniometer  makes  these 
nigles  104*  and  76b.  The  vsrieties  of  its 
(Totals  may  be  referred  to  four  or  six-*ided 
prisms,  terminated  by  two,  four,  or  eight- 
■ided  summits.  It  has  a  shining  lustre,  and 
ii  cstber  transparent,  translucent,  or  opaque, 
ft  scratches  calcsreous  spar,  but  is  scratched 
\f  ftam.  It  is  very  britde.  Its  sp.  gr.  is  3.& 
liefore  the  blowpipe  it  fuses  into  a  white, 
apaqne,  and  ftiaUe  enamel. 

t%e  three  sub-species  are,  1st,  The  com. 
pact  found  in  Moonnartre  near  Paris,  of  a 
yd]owfaii.grey  colour,  in  rounded  pieces,  of  a 
dan  Inatze,  opaque,  and  consistmg,  by  Vau- 
^Qe]B*s  analysis,  of  9M2  sulphate  of  stron- 
titcs,  8.33  carbonate  of  lime,  and  0.25  oxide 
of  Iran.    2d,  The  fibnros,  whose  oolouzs  are 
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indigo-blneand  bhiish^grey ;  sometbnes  white. 
It  occurs  both  massive  and  crysullized. 
Shining  and  somewhat  pearly  lustre.  It  is 
translucent.  Spi  grav.  3.83.  dd,  The  foli- 
ated,  of  a  milk-white  colour,  falling  mto  blue. 
Massive  and  in  grouped  crystals*  of  a  shining 
lustre  and  stra^ht  foliated  texture.  Trans- 
lucent.  Cdestine  ooeuts  most  abundantly 
near  Bristol  m  the  red  maile  foranation ;  and 
crystallized  in  red  sandstone^  at  Inverness  in 
Scotland. 

Mr.  Gruner  Obcr  Bei^  of  Hanover  hax 
lately  favoured  the  world  with  an  analysis  <  ' 
crysullized  celestine,  found  m  the  nei'ghbo 
hood  of  that  city,  of  rather  peculiar  oomp 
sition.    Its  sp.  gr.  is  only  3.59,  and  yet  it 
contains  a  huge  proportion  of  sulphate  of 
barytes: 

Sulphate  of  strontites,  73.000 

Sulphate  of  barytes,  28. 188 

Ferruginous  day,  0.218 

Lose,  0.821 

IOOlOOO 
Had  the  result  been  75  of  sulphate  of  stron- 
tites  +  26  sulphate  of  barytes,  we  should 
have  considered  the  mineral  as  a  compound  of 
4  primes  of  the  first  salt  +  1  of  the  second. 
Now  the  analysis,  in  my  opinion,  cannot  be 
confided  in  within  these  limits;  for  the  mingled 
muriates  of  the  earths  were  separated  by  di. 
gestion  in  18  times  their  weight  of  boiling  al- 
cohoL,  of  a  strength  not  namra.  Besides,  die 
previous  pofbct  conversion  of  the  sulphates 
into  carbonates,  by  merely  fusing  the  mineral 
with  thrice  its  weight  of  carbonate  of  potash, 
is,  to  say  the  least,  probkmadcaL  Dr.  Thom- 
son adimts  M.  Ober  Berg's  analysis  to  7 
atoms  or  sulphate  of  stiontian,  and  2  atoms  of 
sulphate  of  barytes. 

CEMENT.  Whatever  is  employed  to 
unite  or  cement  together  things  of  the  same 
or  difierent  kinds,  may  be  cidled  a  cement. 
In  this  sense  it  indudes  Lutes,  Glites,  and 
Solders  of  every  kind,  which  see ;  but  it  is 
more  commonly  employed  to  signify  those  of 
which  the  basis  is  an  earth  or  earthy  salt. 
See  Lime.  We  shall  here  enumerate,  chiefly 
from  the  Philosophical  Magazine,  some  ce- 
ments dut  are  used  for  particular  purposes. 

Seven  or  eight  parts  of  resin,  and  one  of 
wax,  melted  together,  and  mixed  with  a  small 
quandty  of  plaster  of  Paris,  is  a  very  good 
cement  to  uiiitc  pieces  of  Derbvshire  spar,  or 
other  stone.  The  stone  should  be  made  hot 
enough  to  melt  the  cement,  and  the  pieces 
shouUl  be  pressed  together  as  clssdy  as  pos- 
siUe,  80  as  to  leave  as  litde  as  may  be  of  the 
cement  between  them.  This  is  a  general  rule 
in  cementing,  as  the  thinn^  the  stratum  of 
cement  interposed,  the  finaer  it  will  hold. 

Mdted  brimstouc  usdl  in  the  same  way  will 
answer  suflidently  well,  if  the  joining  be  not 
required  to  be  very  stsang. 
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It  sometimes  happens,  that  jeveUen,  ia 
•etdog  predout  stones,  break  off  pieces  by  ac- 
cident ;  in  this  case  they  join  them  so  that  it 
cannot  easily  be  seen,  with  gmn  mastic^  the 
stone  being  pteviously  made  hot  enough  to 
melt  it.  By  the  same  medium  cameos  of 
white  enamd,  or  coloured  glsss,  are  often 
joined  to  a  real  stone  as  a  ground,  to  produce 
the  appesiance  of  an  onyx.  Mastic  is  likewise 
f  used  to  cement  false  ba^  or  doublets  to  Btonesy 
to  alter  their  hue. 

The  jewellers  in  Turkey,  who  axe  geoenlly 
OKDflment  watch-cases  and  other 

kets  with  gems,  by  glueing  them  on.  The 
;  is  set  in  silver  or  gold,  and  the  back  of 
the  setting  made  flat  to  concapond  with  the 
part  to  which  it  is  to  be  applied.  It  is  then 
fixed  on  widi  the  following  cement:  Isingbsi^ 
soaked  in  water  tUl  it  swdls  up  and  becomes 
soft,  is  dissolved  in  French  brandy,  or  in  rum, 
so  as  to  form  a  strong  glue.  Two  small  bits 
of  gum  galbanum,  or  gum  ammoniaculta,  are 
dissolved  in  two  ounces  of  this  by  trituration ; 
and  five  or  six  bits  of  mastic,  as  big  as  pease, 
being  dissdved  in  as  much  aloolwl  as  will 
render  them  fluid,  are  to  be  mixed  vrith  this  by 
means  of  a  gentle  heat.  This  cement  is  to  be 
kept  in  a  phial  closely  stopped;  and  when 
used,  it  is  to  be  liquefied  by  immersing 
the  phial  in  hot  water.  This  cement  resists 
moisture. 

A  solution  of  shell  lac  in  alodbol,  added  to 
a  solution  of  isinglass  in  proof  aplrit,  makes 
another  cement  timt  will  resist  moisture. 

So  does  conmion  ^ue  melted  without  water, 
with  half  its  weight  of  resin,  with  the  additioa 
of  a  little  red  ochre  to  give  it  a  body.  This  is 
particularly  useful  for  cementing  hones  to  their 
frames. 

If  day  and  oxide  of  iron  be  mixed  with  oil, 
according  to  Mr.  Gad  of  Stockholm,  they 
wUl  form  a  cement  that  will  harden  under 
water. 

A  Strang  cement,  insoluble  in  water,  may  ba 
made  from  cheese.  The  dieese  should  be  that 
of  skimmed  milk,  cut  into  slices,  throwing 
away  the  rind,  and  boiled  till  it  becomes  a 
strong  glue,  whidi,  however,  does  not  dissolve 
in  the  water.  This  water  being  poured  off,  it  is 
to  be  washed  in  cold  water,  and  then  V"«^fd 
in  warm  water.  This  process  is  to  be  repeated 
several  times.  The  glue  is  then  to  be  put 
warm  on  a  levigating  stone,  and  kneaded  with 
quicklime.  Tliu  cement  may  be  used  cold,  but 
it  is  better  to  warm  it;  and  it  will  join  marble, 
stone,  or  earthen-ware,  so  that  die  joining  is 
scarcdy  to  be  discovered. 

Boiled  linseed  oil,  litharge,  red  lead,  and 
white  lead,  mixed  together  to  a  proper  consist- 
ence, and  applied^  on  each  side  of  a  piece  of 
flannel,  or  even  linen  or  paper,  and  put  between 
two  pieces  of  metal  bjfore  they  are  brought 
home,  or  close  together,  will  make  a  dose  and 
durable  joint,  that  will  «sist  boiling  water,  or 


even  a  oooaideiable  pcessure  of  ttMoau  The 
proportions  of  the  ingredients  are  net  material ; 
but  the  more  the  red  lead  predominates,  the 
sooner  the  cement  will  dry,  and  the  more  the 
white  lead,  die  contrary.  This  cement  answeia 
wdl  for  joining  stones  of  any  Mmtnaittfi^ 

The  following  is  an  excellent  cement  for 
iron,  as  in  time  it  miites  with  it  into  one  man. 
Take  two  ounces  of  muriate  of  MnwmnU^  one 
of  flowers  of  sulphur,  and  16  of  castaran  filings 
or  borings.  Mix  them  wdl  in  a  mortar,  and 
keep  the  powder  dry.  When  tlie  cement  is 
wanted  fin  use,  take  one  part  of  this  mixture^ 
twenty  parts  of  dear  iron  bosii^  or  Slings 
grind  them  together  in  a  mmtai^  mix  than 
with  water  to  a  proper  oooaistenae,  and  aippty 
them  between  the  joints. 

Powdered  quicklime  mixed  with  buDodL^a 
blood  is  often  used  by  coppcnmidtt,  to  lay 
over  the  rivets  and  edges  of  £e  aheels  of  copper 
in  Isise  boileit,  as  a  security  to  d]ue  junetuies, 
and  abo  to  prevent  cocks  from  l<<»^mg- 

6ix  parts  of  day,  one  of  iron  filings,  and 
linseed  oil  sufficient  to  fiorm  a  thick  paste, 
make  a  good  cement  for  stopping  cracks  in 
Innboilos. 

Temporary  cemento  are  wanted  in  cottiai^ 
grinding,  or  polishing  opdcal  glasses,  stones, 
and  vanons  small  arddea  of  jeweUeiy,  which  it 
is  necessary  to  fix  on  blocks,  or  handles,  fiir 
the  purposes  Four  ounces  of  resin,  a  quarter 
of  an  ounce  of  wax,  and  four  ounces  of  whidng 
made  previously  ted  hot,  form  a  good  canent 
of  this  kind;  as  any  of  the  above  artides  may 
be  fiutened  to  it  by  heating  them,  and  removed 
at  pleasure  in  the  same  manner,  though  they 
adhere  very  firmly  to  it  when  cold.  Pitch, 
resin,  and  a  small  quantity  of  tallow,  thickffncd 
with  brick^dust,  is  much  used  at  Birmingham 
for  these  purposes.  Four  parts  of  resin,  one 
of  bees'  wax  and  one  of  bnek-dast,  likewise 
make  a  good  cement.  This  answers  extremdy 
well  for  fixing  knives  and  forks  in  their  hafts ; 
but  the  manufoctuxers  of  cheap  artides  of  this 
kind  too  oommonly  use  lenn  and  brick^ust 
alone.  On  some  occasions,  in  whidi  a  very 
tou^  oement  is  requisite,  that  will  not  crsck 
though  exposed  to  rqieated  bk>ws^  aa  in  to- 
ening  to  a  block  metallic  arlkdes  that  are  to 
be  cut  with  a  hammer  and  punch,  workmen 
usoally  mix  some  tow  with  the  oonent,  the 
fibres  of  which  hold  its  parts  together; 

Mr.  Singer  recommends  the  following  com- 
position  as  a  good  cement  for  dectiical  apps^ 
rates :  Five  pounds  of  resin,  one  of  beea*  wax, 
one  of  red  ochre,  and  two  table  spoonfuls  of 
pUster  of  Paris,  all  mdted  tog^cr.  A 
cheaper  one  for  oemcadng  voltaic  plates  into 
wooden  troughs  is  made  with  six  pounds  ef 
resin,  one  pound  of  red  odue,  half  a  pound  of 
pkttter  of  Paris,  and  a  quarter  of  a  pint  of 
linseed  oil.  The  ochre  and  plaster  d  Paris 
should  be  well  dried,  and  added  to  the  otba 
ingredients,  in  a  melted  sute. 
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Analysis  of  water 

cements  by  Sir  Hum- 

pferejr  Davy. 
Mr.  Parker*8  paten 

t  oeincnt* 

dOgnins 

100  gr. 

contain 

Silcx,         . 

11 

22 

Alumina, 

4.5 

0 

Oxide  of  Iron,      ) 
And  nuuiganesc,  ) 

&5 

13 

('arbonate  oS  lioie, 

27.5 

55 

-99 

50  grains  Joat  by  heat 

ing,      If 

3.25 

102.25 

Loftiis. 

50  grains 

100  gr. 

contain 

sa«.      . 

12.75 

25.5 

Alamina, 

-    2^ 

5. 

Oxide  of  boo. 

5.25 

10.5 

Carbonate  of  lime. 

2776 

56.5 

Uiabybeat, 

1.^5 

2.5 
09 

Midgmve. 

50  grains 

100  gr. 

contain 

Sflex,         - 

10.6 

21 

Alumina,        . 

-      3.75 

7.5 

Oxide  of  iron,      \ 

6.75 

13.5 

Carbonate  of  Ume,    - 

27.5 

55 

Usa, 

I.G2 

97 
3.32 

100.32. 

M.  Bmyere  finds  that  an  excellent  artificial 
nter  cement  may  be  obtained  by  heating  a 
mixture  of  three  parts  day,  and  one  part 
liaked  lime  by  measure,  for  some  hours  to 
redness.    Ann,  de  Minciy  ix.  550. 

CEMENT,  for  buildings.    See  LiXE. 

CEMENTATION.  A  chemical  process, 
^faxd)  Gonsisls  in  surrounding  a  body  in  the 
wild  state  with  the  powder  of  some  other 
bodies,  and  exposing  the  whole  for  a  time  in  a 
dosed  vessel,  to  a  degree  of  beat  not  sufficient 
to  fuse  the  contents.  Thus  iron  is  converted 
into  steel  by  cementation  with  chaitoal ;  green 
bottle  glass  Is  oonvertcd  into  porcelain  by 
oementataon  with  sand,  &c.  See  Iron  and 
PoRcrsLAiir. 

CERA8IN.  The  name  given  by  Dr.  John 
of  Berlin  to  those  munmy  substances  which 
>»eU  in  cold  water,  mii  do  not  readily  disaolfe 
iQ  it.     Censin  is  soluble  in  boiling  water. 


bat  separates  in  a  jelly  when  the  water  cooU. 
Water.addulated  with  sulphuric,  nitric,  or  nm. 
riatic  add,  by  the  aid  of  a  gentle  heat,  forms  a 
permanent  solution  of  oemsin.  Uum  tragacanth 
is  the  best  example  of  this  spcdcs  of  vegetable 
product. 

CERATE.  The  compound  of  oil  or  lard 
with  bees*  wax,  used  by  surgeons  to  screen 
ulcerated  surfaces  from  the  air. 

CERIN.   A  peculiar  substance  which  pre- 
cfpitates,  on  evaporation,  from  alcohol,  which 
has  been  digested  on  grated  corlc.    Subercerin^ 
would  have  been  a  fitter  name.    Chevreul,  tb^f^ 
discoverer,  describes  this  substance  as  consisffl|(^ 
ing  of  smaU  white  needles,  which  sink  and 
merely  soften  in  boiling  water.    1000  parts  of 
boiling  alcohol  dissolve  2.42  of  cerin,  and  only 
2  of  wax.    Nitric  add  converts  it  hito  oxalic 
add.    It  is  insoluble  in  an  alcoholic  solution 
of  potash. 

CERIN.  The  name  given  bv  Dr.  John  to 
the  part  of  common  wax  whicn  dissolves  in 
aloohf^ 

CERIN.  A  variety  of  the  mineral  oZKsffil^, 
btely  exandned  by  Berzelius.  It  consists  of 
oxide  of  cerium  2&19,  oxide  of  iron  20.72, 
oxide  of  copper  0  87>  silica  30.17,  alumina 
1 1.31,  Ume  9.12,  volatile  matter  0.40. 

CERITE.  The  sfliciferoos  oxide  of 
cerium.  This  rare  mineral  is  of  a  rose-red  or 
ilesh-red  colour,  occasionally  tinged  with  clove- 
brown.  Its  powder  is  reddish-grey.  It  is 
found  maanvc  and  disseminated.  Internal 
lustre  resinous,  but  scarcely  glimmering.  Its 
fracture  is  fine  splintery,  with  indeterminate 
fragments.  It  is  opaque,  scratches  glass,  gives 
sparks  with  sted,  is  cUflicult  to  breidc,  scaredy 
yidds  to  the  knife,  and  gives  a  greyish* white 
streak.  It  is  infusible  l^ore  the  blowpipe; 
but  heat  changes  the  grey  colour  of  the  powder 
to  yellow.  It  consists^  by  Hisinger's  analysis, 
of  18  silica,  08.59  oxide  of  cerium,  2  oxide  of 
iron,  1.25  lime,  9.6  water  and  carbonic  add, 
and  0.56  loss,  in  100  parts.  Kla^roth  found 
64.5  oxide  of  cerium,  and  345  siUca,  in  the 
hundred  parts.  It  is  found  only  in  the  cop- 
per mine  of  Bastnaes  near  Riddarhytta  in 
Sweden,  accompanied  by  the  ores  of  copper, 
molybdena,  and  bismuth.  Its  sp.  gr.  is  from 
4.6  to  4.0. 

CERIUM.  The  metal  whose  oxide  exists 
in  the  preceding  mineral. 

To  obtain  the  oxide  of  the  new  metal,  the 
cerite  is  calcined,  pulverized,  and  dissolved  in 
nitiomuriatic  add.  The  filtoed  solutiin  bdng 
neutralized  with  pure  potash,  is  to  be  predpi- 
tated  by  tartrate  of  potash ;  and  the  predpitate, 
well  washed,  and  afterward  caldned,  is  oxide 
of  cerium. 

The  attempts  to  obtain  the  pure  mcttd,  by 
igniting  the  oxide,  purified  from  iron  by  oxalic 
add,  in  contact  with  tvuric  add,  oil,  and 
lamp4i]ack,  have  in  a  great  measure  failed; 
only  white  brittle  carbvet  was  obtained. 
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Cerium  is  susceptible  of  two  staffes  of 
oxidation ;  in  the  first  it  is  white,  and  wis  hy 
calcination  becomes  of  a  fallow-red. 

The  white  oxide  exposed  to  the  blowpipe 
soon  becomes  red,  but  does  not  mdt,  or  even 
agglutinate.  With  a  large  proportion  of  borax 
it  mses  into  a  transparent  globule. 

The  white  oxide  becomes  yellowiah  in  the 
open  air,  but  never  so  red  as  by  calcination, 
because  it  absorbs  carbonic  acid,  which  pre- 
vents  its  saturating  itself  with  oxygen,  and 
Retains  a  portion  of  water,  which  diminishes 
fe  colour. 

Alkalis  do  not  act  on  it;  but  caustic  potash 
in  the  dry  way  takes  part  of  the  oxygen  from 
the  red  oxide,  so  as  to  convert  it  into  the  white 
without  altering  its  nature. 

ITie  protoxide  of  cerium  is  composed  by 
Hisinger  of  85.17  metal  -|-  14.83  oxygen, 
and  the  peroxide  of  79.3  metal  -|-  20-7.  The 
protoxide  has  been  supposed  a  binary  com. 
pound  of  cerium  6  75  -I-  oxygen  1,  and  the 
peroxide  a  compound  of  5.75  X  2  of  cerium 
-{-  3  oxygen.  An  alloy  of  this  metal  with  iron 
was  obtained  by  Vauquelin. 

The  salts  of  cerium  are  white  or  yellow- 
coloured,  have  a  sweet  taste,  yield  a  white 
pxccipitate  with  hydrosulphuret  of  potash,  but 
none  with  sulphuretted  hydrogen ;  a  milk- 
white  precipitate,  soluble  in  nitric  and  muriatic 
acids,  with  ferroprussiate  of  potash  and  oxalate 
of  ammonia,  none  with  infusion  of  galls,  and 
a  white  one  with  arseniate  of  potash. 

Equal  parts  of  sulphuric  acid  and  red  oxide, 
with  four  parts  of  water,  unite  by  the  assist- 
ance of  heat  into  a  crystalline  mass ;  which 
may  be  completely  dissolved  by  adding  more 
acid,  and  heatmg  them  together  a  long  time. 
This  solution  yields,  by  gentle  evaporation, 
small  crystahi,  some  of  an  orange,  others  of  a 
lemon  colour.  The  sulphate  of  cerium  is  so- 
luble in  water  only  with  an  excess  of  acid. 
Its  taste  is  acid  and  saccharine.  The  sulphuric 
acid  combines  readily  with  the  white  oxide, 
particularly  in  the  state  of  carbonate.  The 
solution  has  a  saccharine  taste,  and  readily 
affords  white  crystals. 

Nitric  acid  does  not  readily  dissolve  the  red 
oxide  without  heat.  With  an  excess  of  acid, 
white  deliquescent  crystals  are  formed,  which 
are  decomposable  by  heat.  Their  taste  is  at 
first  pungent,  afterward  very  sugary.  The 
white  oxide  unites  more  readily  with  the  acid. 

Muriatic  add  dissolves  the  red  oxide  with 
effirrvesotnce.  The  solution  crystallizes  con- 
fusedly. The  salt  is  deliquescent,  soluble  in 
an  equal  weight  of  cold  water,  and  in  three  or 
four  times  its  weight  of  alcoliol.  The  flame 
of  this  solution,  if  concentrated,  is  yellow  and 
sparkling ;  if  not,  colourless ;  but  on  agitation 
it  emits  white,  red,  and  purple  sparks. 

Carbonic  acid  rca(]^  unites  with  the  oxide. 
This  is  best  done  by  adding  carbonate  of  pot- 
ash to  the  nitric  and  tfliiriatic  solution  of  the 


white  oxide,  when  a  light  precipitate  will  be 
thrown  down,  which  on  drying  assomes  a 
shining  silvery  appearance,  and  consists  ot  23 
add  +  05  oxide  -)-  12  water. 

Hie  white  oxide  unites  directly  with  tar- 
taric  add,  but  requires  an  excess  to  render  it 
soluble.    See  Salt. 

CERUMEN  of  the  ear.  It  is  a  ydlow- 
coloured  secretion,  which  lines  the  external 
auditory  canal,  rendered  visdd  and  concrete 
by  exposure  to  air.  It  has  a  bitter  taste,  melts 
at  a  low  heat,  and  evolves  a  slightly  aimnatie 
odour.  On  ignited  coals,  it  ^ves  out  a  white 
smoke,  sunilar  to  that  of  burning  ftt,  swells, 
emits  a  fetid  ammoniacal  odour,  and  is  con- 
verted  into  a  light  coaL  AlccU  dissolves  {- of 
it,  and  on  evaporation  leaves  a  sabstanoe  re- 
sembling the  resin  of  bOe.  The  |  which  re. 
main  are  albumen  mixed  with  oil,  wYudi  by 
indneration  leave  soda  and  phosphate  of  lime. 
Hence,  the  whole  constituents  are  five;  albu- 
men,  an  inspissated  oil,  a  colouring  matter, 
soda,  and  calcareous  phosphate. 

CERUSE,  or  WHITE  LEAD.  See  Lead. 

CETINE.  The  name  given  by  Chevretd 
to  spermacetL  According  to  Benurd,  who 
analyzed  it  on  M.  Gay  Lusaac*s  pbui,  by 
passing  its  vapour  through  ignited  peroxide 
of  copper,  cetine  consists  of  81  carbon,  0 
oxygen,  and  13  hvdrogen,  in  100  parts. 

CEYLANITE.  This  mineral,  tbe  pleo- 
naste  of  Haiiy,  comes  from  Ceylon,  commonly 
in  rounded  pieces,  but  occasionally  in  crystals. 
The  primitive  form  of  its  crystals  is  a  regular 
octohcdron,  in  which  form,  or  with  the  edges 
truncated,  it  frequently  occurs.  Its  colour  is 
indigo-blue,  passing  into  black,  which  on  mi. 
nute  inspection  appears  greenish.  It  has  a 
rough  surface,  with  little  cxtctnal  lustre,  but 
sploidcnt  internally.  The  fracture  is  perfect 
flat  oonchoidal,  with  very  sharp-edged  firag. 
ments.  It  scarcely  scratches  quartz,  and  is 
sofler  than  spindL  It  is  easily  broken,  has 
a  sp.  gr.  of  3.77)  ^nd  is  infusible  by  the  blow- 
pipe. 

CHABASITE.  This  romeral  occurs  in 
crystals,  whose  primitive  fotm  is  nearly  a  cube, 
since  the  angle  at  the  summit  is  only  03^**. 
It  is  found  in  that  fbnn,  and  clso  with  6  of  its 
edges  truncated,  ar.d  llie  truncaturcs  united  3 
and  3  at  tiie  two  opposite  angles,  while  the 
other  six  angles  are  truncated.  It  occurs  also 
in  double  six-sided  pyramids,  applied  base  tn 
base,  having  the  six  angles  at  the  base,  and 
the  three  acute  edges  of  each  pyramid  tn:n- 
cated.  It  is  white,  or  with  a  Unge  of  rose  co- 
lour, and  sometimes  transparent  It  scratches 
glass,  fuses  by  the  blowpipe  into  a  white 
spongy  mass,  and  has  a  sp.  gr.  of  3.72.  Its 
constituents  are  43.33  silica,  22.68  alumina, 
3.34  lime,  9.34  soda  and  potash,  water  21. 
It  is  found  in  scattered  crystids  in  the  fissurr^ 
of  some  trap  rocks,  and  in  the  htdlows  of  cer- 
tain geodcsy  disseminated  in  the  same  racks. 
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It  occurs  in  the  quarry  of  Alteberg  near  Ober. 
stein. 

CHALK.  A  very  coaimon  spedea  of  caU 
careous  earth,  of  an  opaque  white  colour,  yery 
soft,  and  widiout  the  leafft  appearance  of  a 
polish  in  its  fiacture.  Its  specific  gravity  is 
from  2.4  to  2.6,  according  to  Kinran.  It  con- 
tains a  little  siliceous  earth,  and  about  two  per 
cent,  of  clay.  Some  specimens,  and  perhaps 
most,  contain  a  little  iron,  and  Bcrgmann 
afTinns  that  muriate  of  lime,  or  magnesia,  is 
often  found  in  it ;  for  which  reason  he  directs 
the  powder  o£  chalk  to  be  sereral  times  boiled 
in  distilled  water,  before  it  is  dissolved  for  the 
purpose  of  obtaining  pure  calcareous  earth. 

CHALK  (BLACK).  Drawirg  date.  The 
colour  of  .this  mineral  is  greyi&h  or  bluish- 
black.  Massive.  The  principal  fracture  is 
glimmering  and  slaty,  the  cross  fracture  dull, 
and  fine  earthy.  It  is  in  opaque,  tabular 
fragments,  stains  paper  blaclc,  streak  glisten. 
ing,  and  the  same  colour  as  the  surface ;  easily 
cut  and  broken  ;  sp.  gr.  2.4 ;  becomes  red  in 
the  fire,  and  falls  to  pieces  in  water.  It  occurs 
in  primitive  mountains,  often  accompanied  by 
alum  slate.  It  is  used  in  crayon  drawing, 
whence  its  name. 

CHALK  STONES.  Gouty  concretions, 
whose  true  nature  was  first  discovered  by  Dr. 
WoUastoo,  and  described  by  him  in  his  ad- 
nitrahle  dissertation  on  urinary  calculi,  pub- 
lithed  in  the  Phil.  Trans,  for  1797-  See 
GoDTY  Concretions. 

CHALK  (RED).  This  is  a  clay,  coloured 
by  the  oxide  of  iron,  of  which  it  contains  from 
16  to  18  parts  in  the  hundred,  according  to 
Rinman. 

CHALK  (SPANISH).  The  soap  rock 
is  frequently  distinguished  by  this  name. 

CHALYBEATE.  Said  of  a  mineral  water 
impregnated  with  iron. 

CHAMELEON  MINERAL.     See  Ca- 

MELEON. 

CHARACTERS  (CHEMICAL).  The 
chemical  characters  were  invented  by  the  earlier 
chemixts,  probably  with  no  other  view  than  to 
save  time  in  writing  the  names  of  substances 
that  freqnendy  occurred,  in  the  same  manner 
as  we  avoid  repetitions  by  the  use  of  pronouns. 
But  the  modems  seem  to  have  considered  them 
as  relics  of  alchemistical  obscurity,  and  have 
almost  totally  rejected  their  use.  Very  little 
of  system  appears  in  the  ancient  characters  of 
chemista:  the  characters  of  Bergmann  are 
chiefly  grounded  on  the  ancient  characters, 
with  additions  and  iipprovements.  But  the 
characters  of  Hasacnfiatz  and  Adet  are  sys- 
tematical  throughout.  For  m3rself,  I  regard 
them  merdy  as  the  means  of  mystifying  che- 
mistry  in  the  eyes  of  the  uninitiated,  and  there- 
fore  unworthy  of  the  liberal  spirit  of  the  age  in 
which  we  live. 


CHARCOAL.     M^hen    vegctabk    sub- 
stances  are  exposed  to  a  strong  heat  in  the 
apparatus  for  distillation,  the  fixed  residue  is 
called  charcxNd.     For  general  purposes,  wood 
is  converted  into  charcoal  by  building  it  up  in 
a  pyramidal  form,  covering  the  pile  with  clay 
or  earth,  and  leaving  a  few  air-holes,  which  are 
closed  as  soon  as  the  mass  is  well  lighted ;  and 
by  this  means  the  combustion  is  carried  on  in 
an  imperfect  manner.    In  the  forest  of  Benon, 
near  Rochelle,  great  attention  is  paid  to  the 
manufacture,  so  that  the  charcoal  made  there 
fetches  25  or  30  per  cent,  more  than  any  olha 
The  wood  is  that  of  the  bluck  oak.  It  is  tak| 
from  ten  to  fifteen  years  old,  the  tnmk  a.'*  well 
as  the  branches,  cut  into  billets  about  four  feci 
long,  and  not  split.     The  largest  pieces,  how- 
ever,  seldom  exceed  six  or  seven  inches  in 
diameter.     The  end  that  rests  on  the  ground 
is  cut  a  little  sloping,  so  as  to  touch  it  meroly 
with  an  edge,  ana  they  are  piled  nearly  upright, 
but  never  in  niore  than  one  story.     The  wood 
w  covered  all  over  about  four  inches  thick  with        f 
dry  grass  or  fern,  before  it  is  er.closed  in  the        * 
usud  manner  with  clay ;  and  wlien  the  wood         i 
is  charred,  half  a  barrel  of  wattr  is  thrown  over        ^ 
the  pile,  and  earth  to  tlie  thickness  of  five  or 
six  inches  is  thrown  on,  after  which  it  is  hft 
four-and-twcnty  hours  to  cool.     Tlie  wood  is 
always  used  in  the  year  in  which  it  is  cut. 

In  charring  wood  it  has  been  conjectured, 
that  a  portion  of  it  is  sometimes  converted 
into  a  pyrophoTus,  and  that  ihc  explosions 
that  happen  in  powder-mills  arc  souictinics 
owing  to  this. 

Charcoal  is  made  on  the  great  scab,  by 
igniting  wood  in  iron  cyhnders,  as  I  have  de- 
scribed under  Acid  (Acetic).  When  the 
resulting  charcoal  is  to  be  used  in  the  manu- 
facture of  gunpowder,  it  is  essential  that  the 
last  portion  of  vinegar  and  tar  be  suftlrcd  to 
escape,  and  tliat  the  reabsorpiion  of  the  crude 
vapours  be  prevented,  by  cutting  ofFthe  com- 
munication between  the  interior  of  the  cylinders 
and  the  apparatus  for  condensing  the  pyro- 
lignous  aciif,  whenever  the  fire  is  withdrawn 
from  the  furnace.  If  this  precaution  be  not 
observed,  the  gunpowder  made  with  the  char- 
coal would  be  of  inferior  quality. 

In  the  thinl  volume  of  Tilloch's  IVIagazine, 
we  have  some  valuable  facts  on  charcoal  by 
]\Ir.  Mushet.  He  justly  observes,  that  the 
produce  of  charcoal  in  the  small  way  differs 
from  that  on  the  large  scale,  in  which  the 
quantity  of  char  depends  more  upon  the  hard- 
ness and  compactness  of  the  texture  of  wood, 
and  the  skill  of  the  workmen  in  managing  the 
pyramid  of  faggots,  than  on  the  absolute  quan- 
tity of  carbon  it  conUins.  iThe  following  is 
his  table  of  results,  reduced  to  100  pans, 
from  experiments  on  one  pound  avoirdupois 
of  wood. 
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Parts  in  100. 

VolaUle     Charcoal. 
Matter.     ^n"«»*'- 

Ashes. 

Charcoal  by 
Prmut          RumfonL 

Oak, 

7a895    22.682 

0.423 

20. 

43.00 

Ash, 

81.260    17.»72 

0.768 

17. 

Birch, 

80.717     17-491 

1.792 

Norway  Pine, 

80.441     10.204 

0.355 

20. 
Black  Ash. 

44.18 

Mahogany, 

73.628    26.492 

0.980 

26. 

Sycamore, 

7a20       19.734 

1.066 

Willow. 

HoUy, 

78.92      19.918 

1.162 

17. 
Heart  or  oak. 

Scotch  Pine, 

83.095     16.450 

0.449 

19. 

Beech, 

79.104    19.941 

0.9^ 

£ln). 

79.655     19.574 

0.761 

43.27 

Wahiut, 

7a52l     20.663 

0.816 

American  Maple, 

79.331     19.901 

0.768 

Gaalacum. 

42.23 

Do.      Black  Beech, 

77^12    21.446 

1.033 

24. 

Labumttm, 

74.234    24,686 

1.180 

Poplar. 

Lignum  Vits, 

72.643    26.867 

0.500 

43.67 

Sallow, 

80.371     18.497 

1.132 

Lhne. 

Chesnut, 

76.304    23.280 

0.416 

43.69 

MM.  Clement  and  Deaormea  say,  that  wood 
contains  one-half  its  weight  of  charcoal.  M. 
Proust  says,  that  good  pit-ooals  afibfd  70*  75, 
or  80  per  cent,  of  charcoal  or  coke;  from 
which  only  two  or  three  parts  in  the  hundred 
of  ashes  remain  after  combustion.  TUloch*t 
Mag,  vol.  viii. 

Charoral  is  black,  sonorous,  and  brittle,  and 
in  general  retains  the  figure  of  the  vegetable  it 
was  obtained  from.  If,  however,  the  vegetable 
consist  for  the  most  part  of  water  or  other  fluids, 
these  in  their  extrication  will  destroy  the  con. 
nexion  of  the  more  fixed  parts.  In  this  case 
the  quantity  of  charcoal  is  much  less  than  in 
the  former.  The  charcoal  of  oily  or  bitumi- 
nous  substances  is  of  a  light  pulvorulent  form, 
and  rises  in  soot.  This  charcoal  of  oils  in 
called  lamp-black.  A  veir  fine  kind  is  ob- 
tained from  burning  alcohoL 

Turf  or  peat  luui  been  charred  lately  in 
France,  it  is  said  by  a  peculiar  process,  and, 
according  to  the  account  given  in  Somiini*s 
Journal,  is  auperior  to  wowl  for  this  purpose. 
Charcoal  of  turf  kindles  slower  than  that  of 
wood,  but  emits  more  flame,  and  bums  longer. 
In  a  goCl8mith*8  furnace  it  fused  eleven  ounces 
of  gcud  in  eight  minutes,  while  wood  charcoal 
required  sixteen.  The  malleability  of  the  gold, 
too,  was  preserved  in  the  former  instance,  but 
not  in  the  Utter.  Iron  heated  red-hot  by  it  in 
a  forge,  was  rendered  more  malleable. 

From  the  scarcity  of  wood  in  this  country, 
pit-ooal  charred  is  much  used  instead  of  char- 
coal  by  the  name  of  coke.    Soe  Carbon. 

CHAY,  or  CHAYA.ROOT.  This  is 
the  root  of  the  Oldenlandia  umbeUata^  which 
grows  wild  on  the  coast  of  Coromandel,  and 


is  likewise  cultivated  there  fbr  the  uae  of  the 
dyers  and  calico-printers.  It  is  used  for  the 
same  purposes  as  madder  with  us,  to  which  it 
is  said  to  be  fiur  superior,  giving  die  beantlAiI 
red  so  much  admired  in  the  Madras  cottons. 

CHEESE.  MQk  consists  of  butter,  cheese, 
a  saccharine  matter  called  sugar  of  milk,  and 
a  small  quantity  of  common  salt,  together  with 
much  water. 

If  any  vegetable  or  mineral  add  be  mixed 
with  milk,  the  cheese  separates,  and,  if  a;^ 
sistcd  by  heat,  eoagulates  into  a  mass.  The 
quantity  of  cheese  £  leas  when  a  mineral  acid 
is  used.  Neutral  salts,  and  likewise  all  earthy 
and  metallic  salts,  separate  the  cheese  flom 
the  whey.  Sugar  and  gum-arabic  produce 
the  same  eflfixt  Oaustic  slkslis  will  dissolve 
the  curd  by  the  assistanoe  of  a  boiHng  beat, 
and  adds  oocssion  a  precipitation  aga£.  Ve- 
getable adds  have  very  little  solvent  power 
upon  curd.  This  accounts  fbr  a  greater  quan- 
tity of  curd  bang  obtained  when  a  vegetable 
add  is  used.  But  iriist  answers  best  is  rennet, 
which  is  made  by  macenting  in  water  a  pieee 
of  the  last  stomach  of  a  cslf,  salted  and  dried 
for  this  purpose. 

Scheele  observed,  that  cheese  has  •  con- 
siderable  analogy  to  albumen,  wUdi  it  re- 
sembles in  being  coagulable  by  fire  and  adds, 
soluble  in  ammonia,  and  afiording  the  same 
products  by  distillation  or  treatment  with  ni- 
tric add.  There  are,  however,  certain  dif- 
ferences between  them.  Rottdle  observed  like- 
wise a  striking  analogy  between  cheese  and 
the  gluten  of  wheat,  and  that  found  in  the 
fecule  of  green  vegetables.  By  kneading  the 
gluten  of  wheat  with  a  little  sak  and  a  small 
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i  of  a  idatioa  of  tk«zdi,  he  gave  it  the 
csafee,  smell,  and  unduoeity  of  dieeiei  so  that 
after  it  had  been  k^  a  oertain  time,  it  was 
not  to  be  dteringqinned  from  the  celebiated 
Hochefert  cheese,  of  which  it  had  all  the  pun- 
gency. This  caseous  substance  from  gluten, 
as  well  as  the  cheeie  of  milk,  appeazs  to  con- 
tain acetate  of  anmiooia,  after  it  has  been  kept 
long  enou^  to  have  undeigone  the  requisite 
fermentation,  as  may  be  proved  by  CTsminfng 
it  with  solphuric  aad,  aim  with  potash.  The 
pnnsency  of  strong  dieese,  tooi»  is  destroyed 
by  sufcohoL 

In  the  11th  volume  of  Tilloch's  Magazine 
there  is  an  excellent  account  of  the  mode  of 
making  Gheshiie  cheese^  taken  from  the  Agri. 
caituEal  Report  of  the  county.  ''If  the  milk,** 
ays  ^he  reporter,  '^  be  set  together  "vaj  warm, 
the  card,  sa  hefbce  observed,  will  be  nrm ;  in 
this  caae,  die  usual  mode  is  to  take  a  common 
eaae-knife,  and  make  incisions  across  it,  to  the 
full  depth  of  die  knife's  blade,  at  the  distance 
of  about  one  inch ;  and  again  croaswajs  in  the 
fiame  notfuuier,  the  indsions  intersecting  each 
other  at  rig^t  angles.  The  whey  rising 
tfafoagh  these  indsiona  is  of  a  fine  paJe  green 
colour.  The  cheese-maker  and  two  assistants 
then  proceed  to  break  the  curd :  this  is  .per- 
formed by  their  rq>eatedly  putting  their  hands 
down  into  the  tub ;  the  cheese-noaker,  with 
the  skimming-dbh  in  one  hand,  breaking 
Gveiy  part  of  it  as  they  catch  it,  raising  the 
curd  from  the  bottom,  and  still  breaking  it. 
This  part  of  the  business  is  continued  tiU  the 
whole  is  broken  uniformly  smaU ;  it  generally 
takes  up  about  40  minutes,  and  the  curd  is 
then  lA  covered  over  with  a  doth  for  about 
half  an  hour  to  subside.  If  the  milk  has  been 
set  cool  together,  the  curd,  as  before  mentioned, 
will  be  piuch  more  tender,  the  whey  will  not 
be  so  green,  but  raUier  of  a  milky  appearance.*! 

CHEMISTRY  may  be  defined  the  sdence 
which  investigates  the  composition  of  material 
rabstances,  and  the  permanent  changes  of  con- 
stitution which  their  mutual  actions  produce; 

CHENOPODIUM  OLIDUM.  A  phmt 
lemarkable,  aooording  to  MM.  Chevalier  and 
Lasseigne,  for  containing  oneombined  am- 
monia, whidi  is  probably  the  vehicle  of  the. 
remarkably  nauJwous  odour  which  it  exhales, 
itroi^ly  resembling  that  of  putrid  fish.  When 
the  plant  is  bruised  with  water,  and  the  liquor 
exjpressed  and  afterwards  distilled,  we  procura 
a  fluid  which  contains  the  subcarbonate  of  am- 
monia, and  an  oily  nuitter,  which  gives  the 
fluid  a  milky  appearance.  If  the  expressed 
juice  of  the  cheoopodiumbe  evaporated  to  the 
ooDsisteoce  of  an  extract,  it  is  found  to  be  al- 
kaline;  there  seems  to  be  acetic  add  m  it.  Its 
basis  is  ssid  to  be  of  an  albuminous  nature. 
Itis  staled  also  to  contain  a  small  quantity  of 
the  substance  which  the  French  caUosmazome, 
a  fittk  ciwxk  aromatic  lesin,  and  a  bitter  mat- 
ta«  soluble  both  in  alcohol  and  water,  as  wdl 
as  aevenl  adine  bodies.     The  foUowing  is 
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•teted  as  the  result  of  thdr  analysis,  which, 
however,  seems  somewhat  com^dex :  1.  8ub- 
oarbonate  of  ammonia.  2.  Albumen.  3.  Os- 
maiom&  4.  An  aromatic  resin.  5.  A  bitter 
matter.  6.  Nitrate  of  potash  in  large  quan. 
tity.  7*  Acetate  and  phosphate  of  potash. 
&  Tartrate  of  potash.  It  is  said  that  100 
parts  of  the  dried  plant  produce  18  of  ashes, 
of  which  6f  are  potash. 

CHERT.  See  Hosvstoke. 
GHIASTOLITE.  A  minersl  crystallised 
in  four-sided  needy  rectangular  prisms.  On 
looking  into  tlie  end  of  the  prism,  we  perceii 
in  the  axis  of  it  a  blackish  prism,  suirounf ' 
by  the  other,  whidi  is  of  a  greyish,  yellowi 
or  reddish-white  colour.  Irom  each  angle  of 
the  interior  prism,  a  blackish  line  extends  to 
the  corresponding  angle  of  the  exterior.  In 
each  of  these  outer  angles  there  is  usually  a 
small  rhomboidal  space,  filled  with  the  same 
dark  substance  which  composes  the  csntral 
prism.  The  black  matter  is  the  same  day- 
alate  with  the  rock  in  which  the  chiastolite  is 
embedded.  Fracture,  foliated  with  double 
deavageii  Tranducent.  Scratches  glass. 
Rubbed  on  sealing-wax,  it  imparts  negative 
dectridty.  Its  sp.  gr.  is  294.  Before  the 
blowpipe  it  is  convertible  into  a  whitish  ena. 
md.  The  only  mineral  with  which  chiastolite 
or  made  ean  be  confounded,  were  it  not  crys- 
tallized, is  steatite ;  but  the  latter  communi- 
cates positive  electricity  to  sealing-wax.  It 
has  been  found  in  Britanny,  in  the  Pyrenees, 
in  the  valley  of  Barege,  and  in  Galicia  in 
Spain,  near  St.  James  of  ComposteUa.  The 
interior  of  black  crystal  is  properly  an  don- 
gated  four-sided  pyramid. 

CHILDRENITE.  a  mmeral  substance 
met  with  in  Devonshire,  supposed  at  first  to 
be  carbonate  of  iron ;  but  shown  by  Dr.  Wol- 
laston  to  be  a  phosphate  of  alumina  and  iron. 
The  crystals  scratch  glass  $  colour  wine-yd- 
low;  occur  in  the  surface  of  crystallized 
quarts,  and  might  be  mistaken  for  sulphate  of 
barytes.  Mr,  Brooke^  in  Annalt  of  Phil, 
vii.  316. 

CHLORATES.  Compounds  of  chloric 
add  with  the  salifiable  bases.  See  Acid 
(Chlobjc.) 

CHLORIC  ACID.  See  Acid  (Chlo- 
ric.) 

CHLORIDES.  Compounds  of  dilorine 
with  different  bodies.  See  Chloeike  and 
the  respective  substances. 

CHLORINE.  The  introduGtk>n  of  this 
term  marks  an  era  in  chemical  sdsBce.  It 
originated  from  the  masterly  researches  of  Sir 
H.  Davy  on  the  oxymuriatic  add  gas  of  the 
French  school :  a  substance  which,  after  re- 
sisting the  most  powerful  means  of  decom- 
position which  his  sagadty  could  invent,  or  his 
ingenuity  apply,  he  declared  to  be,  according 
to  the  true  logic  of  chemistry,  an  dementary 
body,  and  not  a  compound  of  muriatic  acid 
and  oxygAt  as  was  pcevkMidy  imagined,  Mid 
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«s  ita  name  Memeck  to  (]«Date.  He  accorclingly 
ossigned  to  it  the  torn  chlorine,  descriptive  of 
iu  colouc  s  a  name  now  generally  used*  The 
chloridic  theory  of  combaationf  though  more 
limited  in  its  applications  to  the  chemical  phe- 
r.omena  of  nature,  than  the  antiphlogistic  of 
liBvoisier,  may  justly  be  regarded  as  of  equal 
i*nportance  to  the  advancement  of  the  science 
itself.  When  we  now  survey  the  Transactiors 
of  tho  Koyal  Society  for  180a,  1809,  1810, 
and  1811,  we  foci  overwhelmed  with  astonish, 
mcnt  at  the  unparalleled  skill,  labour,  and 

«gadty  by  which  the  great  English  chemist, 
so  Khort  a  space,  prodigiously  multiplied 
e  objects  and  resources  or  the  science,  while 
lie  promulgated  a  new  code  of  laws,  flowing 
from  views  of  elementary  action,  caualJy  pro- 
found, original,  and  sublime.  The  miportanoe 
•f  the  revolution  produced  by  his  researches 
on  cMorine  will  justify  us  in  presenting  a  de- 
tailed account  d  the  steps  by  which  it  has 
been  eflTectcd.  How  entirely  the  glory  of  thb 
great  work  bekmgs  to  Sir  U.  Davy,  notwith- 
standing  some  invidious  attempts  in  this  coun- 
try  to  tear  the  wellf^anied  laurel  from  his 
brow,  and  transfer  it  to  the  French  chemists, 
we  nuiy  readily  judge  by  the  following  decisive 
facts. 

The  second  part  of  the  PhiL  Tnuis.  for 
1809  contains  reseaxcfaes  on  oxymuriatic  add, 
its  nature  and  combinations,  by  Sir  H.  Davy, 
from  which  I  shall  make  a  few  interesting  ex. 
tracts. 

''In  the  Bakerian  lecture  for  1808,*'  says 
he,  '^  1  have  given  an  accotint  of  the  action  of 
potassium  upon  muria  ic  add  gas,  by  which 
more  than  oncthird  of  its  volume  of  hydro- 
gen  is  produced;  and  I  have  stated,  that 
muriatic  add  can  in  no  instance  be  procured 
from  oxymuriatic  add,  or  from  dry  muriatea, 
unless  water  or  its  dements  be  present. 

**  In  the  second  volume  of  the  M^moirei 
D*Arcueil,  MM.  Gay  Lussac  and  Thenard 
luive  detailed  an  extensive  series  of  facts,  upon 
muriatic  acid,  and  oxymuriatic  add.  Some  of 
their  exp^iments  are  similar  to  those  I  have 
detailed  in  the  paper  just  referred  to ;  others 
are  peculiarly  thdr  own,  and  of  a  very  curious 
kind :  thdr  general  conclusion  is,  that  mu- 
liatic  acid  gas  contains  about  one  quarter  of 
its  wdght  of  water ;  and  that  oxymuriatic  add 
is  not  decomposable  by  anv  substancca  but 
hydrogen,  or  such  as  cao  form  triple  com- 
binations  with  it. 

*'  One  of  the  most  sfaigular  facts  that  I  have 
observed  m  this  subject,  and  whidi  I  have 
before  leftned  to,  is  that  charcoal,  even  when 
ignited  to  whiteness  in  oxymuriatic  or  muriatic 
acid  gases,  by  ihc  voltaic  battery,  efiects  no 
change  in  them.  If  it  has  been  previously  freed 
from  hydrogen  and  moisture  by  intense  ig. 
nition  in  vacuo. 

^^  This  experiment,  whidi  I  have  several 
times  repeated,  led  me  to  doubt  of  the  exist- 
cuGC  of  oxygen  in  that  substance,  whidi  has 


been  supposed  to  contain  it,  ab«vt  sM  «&«i^ 
in  a  loose  and  mdiire  state;  and  to  make  a 
more  rigorous  invesiigatkm,  than  had  hitfasfto 
been  attempted  for  its  dctonion." 

He  then  proceeds  by  experiment  and  lea- 
soning  to  prove  the  true  eonstitutisn  of  this 
muriatic  essence.  The  above  paper,  and  his 
Bakerian  lecture^  read  before  tbe  Royal  S*. 
ciety  in  Nov.  and  Dec.  1810,  and  pubiUahed 
in  the  first  part  of  thdr  Transactions  for  IBl  1, 
present  the  whole  body  of  evidence  lor  the 
undecompoanded  -nature  of  ozyniQriatic  add 
gas,  thenceforward  styled  dilorine  ;  and  they 
will  be  studied  in  every  cnlighteoed  age  and 
country,  as  a  just  and  splendid  patteni  of  in- 
ductive Baconian  locic.'  Tliew  Tiewa  were 
slowly  and  rductanuy  admitted  by  the  dv^ 
mical  philosophen  of  Europe.  The  hypodie- 
sis  of  Lavoisier,  tliat  combnstiott  was  merely 
the  combination  of  oxygen  with  n  basis,  had 
become  as  favourite  an  idol  with  the  leamcd 
as  the  previous  hypothesis  of  StaU,  that  one 
phlogijrtic  prindple  pervadod  all  oonabnstible 
bodies,  which  was  dther  evolved  in  heat  and 
light,  or  quietly  transferred  to  an  incovnbasti- 
hie.  Imparting  that  inflammability  to  the  new 
substance,  whidi  ita  fonner  oompamoa  had 
secretly  lost.  Stahl*s  idea  of  oombustbn  is 
the  more  oomprdieodve,  and  may  BtflU  be 
true;  Lavoisier's,  as  a  giencnl  propoaitka],  is 
certainly  false. 

In  181 2  Sur  H.  Davy  published  his  Elements 
of  Chemical  Philosophy,  containing  a  system- 
atic  account  of  his  new  doctrines  oonoermng 
the  combination  of  simple  bodies.  Chlorine 
is  there  placed  in  the  same  rank  with  oxygen, 
and  finally  removed  from  the  daas  of  adds. 
In  1813,  M.  Thenaid  published  the  fint  vo- 
lume of  his  TraiU  de  Chimie  Ekmetttairt 
Theorigve  et  Pratique.  This  disdngniabed 
chemist,  the  feUow-labourer  of  M.  Gav  Lnanac, 
in  those  able  researches  on  the  alkalis  and 
oxjrmuriatic  acid,  which  fenn  thedistinguish* 
ed  rivalrv  of  the  French  sdiodl  to  the  faxi&lant 
career  of  Shr  H.  Davy,  states  at  page  684  of 
the  above  volume,  the  compoutiDn  of  oxymu. 
riatic  acid  as  follows :  **•  Con^Mi^on^  The 
oxvgenated  muriatic  gas  contains  the  half  of  its 
volume  of  oxygen  gas,  not  induding  that  which 
we  may  suppose  in  muriatic  add.  Itthenoe 
follows,  that  it  is  fbnned  of  1.9183  of  mmiatic 
add,  and  06517  of  oxygen;  for  the  specific 
gravity  of  oxygenated  muriatic  gas  is  2.47, 
and  that  of  oxygen  gas  1.1034."— ''M.  Che- 
nevix  fint  determined  the  proportion  of  iu 
constituent  princ^es.  MM.  Gay  Luasac 
and  Thenard  determined  it  more  exactly,  and 
showed  that  we  could  not  decompose  the  oxy. 
genated  muriatic  gaa,  but  by  patting  it  in  oon- 
tact  with  a  body  capable  of  unitii^  with  the 
/aro  elements  of  this  gas,  or  with  muriadc 
add.  They  annoonced  at  the  same  time,  that 
they  coukl  explain  all  the  phcnomcaa  whldi 
it  presents»  by  considering  it  as  a  aim|de  or  as 
a  compound  body.  However,  this  kstopiidflu 
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appewed  more  protebk  to  them.  M,  Davy, 
on  the  ooDtnury,  emhrac9ei}  the  fint,  admitted 
it  ndutivdy,  snd  sought  to  fortify  it  by  ex. 
pcrimente  which  sre  peculiar  to  liim.  P.  585. 
In  the  aeoond  volume  of  Al.  Thauud*8 
work.,  published  m  1814,  he  explains  the  mu. 
tnal  action  of  chlorine  and  ammonia  gases, 
solely  on  the  oxygenous  theory.  **  On  peut 
d6:nonti6r  par  ce  dernier  procdd^,  que  le  gas 
muriatique  oxigen^  doit  contenir  la  moltie  de 
soa  volume  d'oxigenei  uni  k  I'adde  muri. 
•ti<I«e-"  P.  147.— In  the  4Ui  volume,  which 
appcRivd  in  1816,  we  find  the  following  pass- 
ag«  :  *'  Oxff^etutUd  muriatic  gas.  Oxy- 
genated imiriatic  gas,  in  combining  with  the 
metals,  gives  riite  to  the  neutral  muriates. 
Xow,  107.6  of  oxide  of  silver,  contain  7-6  of 
oicygon,  and  absorb  26.4  of  muriatic  acid,  to 
paaa  to  the  state  of  neutral  muriate.  Of  con- 
sequence, 348  of  this  last  add  supposed  dry, 
and  100  of  oxygen,  form  this  gas.  But  the 
^^  &'  ^  oxygen  is  1.1034,  and  that  of  oxy- 
gen&ied  muriatic  gas  is  2.47;  hence,  this 
contains  the  half  of  its  volume  of  oxygen.*' 
P.  5i'. 

The  force  of  Sir  H.  Davy's  demonstrations, 
pressing  ibr  six  years  on  the  public  mind  of 
ihe  French  philosophers,  now  begins  to  trans- 
pire in  a  note  to  the  above  pasAage. — ^^We 
reason  hefe,"  says  M.  llieD&id,  *>*■  obviously 
un  the  hypothesu,  whicli  consists  in  regarding 
oxygenated  muriatic  gas  as  a  compound  body." 
This  pressure  of  public  opinion  becomes  con- 
spicuous at  the  end  of  the  volume.  Among 
tho  additions,  we  have  the  foUowmg  decisive 
evidence  oi  the  lingering  attachment  to  the 
old  theory  of  Lavoisier  and  Berthollct — «^  A 
pretty  considerable  number  of  persons  who 
nave  sobecribed  for  this  work,  desiring  a  de- 
t&il«!d  explanation  of  the  phenomena  which 
oxygenated  muriatic  gas  presents  on  the  sup- 
position tliat  this  gas  is  a  simple  body,  we  are 
bow  going  to  explain  these  phenomena,  on 
this  supposition,  by  considering  them  atten- 
tively. The  oxygenated  muriatic  gas  will 
(&ke  the  name  of  chlorine ;  its  combinations 
with  phosphorus,  sulphur,  azote,  metals,  will 
be  caUod  ehlorures ;  the  muriatic  acid,  which 
tesolts  from  equal  parts  in  voliune  of  hydro- 
gen and  oxygenated  muriatic,  gases,  wiU  be 
hydrochloric  acid ;  the  superoxygenated  mu- 
natic  add  will  be  chlorous  acid  ;  and  the  hy- 
peroxygenatcd  muriatic,  dtloric  acid;  the 
^Tst,  comparable  to  the  hydriodic  add,  and 
the  last  CO  the  iodic  add.''  In  fact,  therefore, 
we  evidently  see,  that  so  ht  from  the  chloridic 
theory  originatiDg  in  Frsnce,  as  has  been  more 
than  insinuated,  it  was  only  the  rtaearches  on 
iodine,  so  admirably  conducted  by  M.  Oay 
Lossac,  that,  by  thcdr  auxiliary  attack  on  the 
OKjgm  hypothesis,  eventually  opened  the 
minds  of  its  adherents  to  the  evidence  long 
a^  advanced  by  Sir  Humphrey  Davy.  It 
vtll  be  pecoliariy  instructive,  to  give  a  general 
outline  of  that  evideiKe,  which  has  been  mu- 


tilated in  some  systenkatic  works  on  chemistry/ 
or  frittered  aWay  into  fragments. 

Sir  H.  Davy  subjected  oxymuriatic  gas  to 
the  action  of  many  simple  corabustiUes,  as 
well  as  metals,  and  from  the  compounds 
formed,  endeavoured  to  eliminate  oxygen,  by 
the  naost  energetic  powers  of  aflSnity  imd  vol- 
taic electricity,  but  widiout  success,  as  the  fol- 
lowing  abstract  will  show. 

If  oxymuriatic  acid  gas  be  introduced  into 
a  vessel  exhausted  of  air,  containing  tin,  and 
the  tin  be  gently  heated,  and  the  gas  in 
Buffident  Quantity,  the  tin  and  the  gas  disaj^ 
pear,  and  a  limpid  fltiid,  precisely  the  same  m 
Libavius's  liquor,  is  formed :  If  this  substance 
is  a  combination  of  muriatic  acid  and  oxide  of 
tin,  oxide  of  tin  ought  to  be  separated  from  it 
by  means  of  ammonia.  He  admitted  ammo, 
niacal  gas  over  mercury  to  a  small  quantity 
of  die  liquor  of  Libavius ;  it  was  absorbed 
with  great  heat,  and  no  gas  was  generated;  a 
solid  result  was  obtained,  which  was  of  a  dull 
white  colour :  some  of  it  was  heated,  to  ascer- 
tain if  it  contained  oxide  of  tin ;  but  the  whole 
vdletiiiied,  producing  dense  pungent  fumes. 

Another  experiment  of  the  same  kind,  made 
with  great  care,  and  in  which  the  ammonia 
was  tucd  in  great  excess,  proved  that  the 
liquor  of  Libavius  cannot  be  decompounded 
by  ammonia ;  but  that  it  forms  a  new  com- 
binatiqn  with  this  substance. 

He  made  a  considerable  quantity  of  tlie 
solid  compound  of  oxymuriatic  add  and  phos- 
phorus by  combustion,  and  saturated  it  with 
ammonia,  by  heating  it  in  a  proper  receiver 
filled  with  ammoniacal  gas,  on  which  it  acted 
wi^  great  energy,  produdng  much  heat ;  and 
they  formed  a  white  opaque  powder.  Sup- 
posing that  this  substance  was  composed  of 
the  dry  muriates  and  phosphates  of  ammonia ; 
as  muriate  of  ammonia  is  very  volatile,  and  as 
ammonia  is  driven  off  from  phosphOTic  add 
by  a  heat  below  redness,  he  concdved  that, 
by  igniting  the  product  obtained,  he  should 
procure  phosphoric  acid;  he  therefore  intro- 
duced some  of  the  powder  hito  a  tube  of  green 
glass,  and  heated  it  to  redness,  out  of  the  con- 
tact of  air,  by  a  spirit  lamp ;  but  found  to  his 
great  surprise,  that  it  was  not  at  all  volatile, 
nor  decomposable  at  this  degree  of  heat,  and 
that  it  gave  off  no  gaseous  matter. 

The  circumstance,  that  a  substance  com- 
posed prindpally  of  oxymuriatic  acid,  and 
ammonia,  should  resist  decomposition  ordiangc 
at  so  high  a  temperature,  induced  him  to  pay 
particular  attention  to  the  properties  of  this 
new  body. 

It  has  been  said,  and  taken  for  gnmted  by 
many  chemists,  that  when  oxymuriatic  acid 
and  ammonia  act  upon  each  otha,  water  is 
formed:  he  several  times  made  the  expert- 
ment,  and  was  convinced  that  this  is  not  the 
case. 

He  mixed  together  sulphuretted  hydrogen 
in  a  high  degree  of  purity,  and  oxymuriatic 
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add  gas,  both  dried,  in  equal  volumei.  In  May  U  not  in  fact  be  a  peeuOar  ma^fyinfi 
this  instance  the  oondenaation  was  not  ^ ;  and  diasolving  prindple,  fonmng  oompoonds 
sulphur,  which  aoemed  to  contain  a  little  oxy-  with  combustible  bodies,  analogooa  to  acids 
muriatic  add,  was  fonotd  on  the  sides  of  the  cjontaming  oxygen  or  oxides,  in  their  proper- 
vessel ;  no  vapour  was  deposited,  and  the  red-  ties  and  powers  of  combination ;  but  dfiSering 
dual  gas  contained  about  ^  of  muriatic  acid 
gas,  and  the  remainder  was  inflammable. 

When  oxymuriatic  add  is  acted  upon  by 
nearly  an  equal  volume  of  hydrogen,  a  oom- 
binadon  takes  place  between  them,  and  «nuri- 
atic  add  gas  results.  When  muriatic  add 
gas  is  acted  on  by  mercury,  or  any  other 
metal,  the  oxymuriatic  add  is  attracted  from 
#e  hydrogen  by  the  stronger  affinity  of  the 
metal,  and  an  oxjrmuriate,  exactly  similar  to 
that  formed  by  combustioii,  is  produced. 

The  action  of  water  upon  those  compounds 
which  have  been  usually  oonddered  as  mu- 
riates, or  as  dry  muriates,  but  which  are  pro- 
perly combinations  of  oxymuriatic  acid  with 
inflMnroable  bases,  may  be  easfly  explained, 
according  to  these  views  of  the  subject  When 
water  is  added  in  certain  quantities  to  liba- 
vius's  liquor,  a  solid  crystallized  mass  is  ob- 
tained from  which  oxide  of  tin  and  muriate  of 
ammonia  can  be  procured  by  anunonia.  In 
this  case,  oxygen  may  be  concdved  to  be 
supplied  to  the  tin,  and  hjrdrogen  to  the  oxy- 
muriatic acid. 

The  compound  formed  by  burning  phos- 
phorus in  oxymuriatic  add  is  in  a  similar 
rdarion  to  water.  If  that  substance  be  added 
to  it,  it  is  resolved  into  two  powerful  adds ; 
oxygen,  it  may  be  supposed,  Is  furnished  to 
the  i^iosphorus  to  form  phospooric  add,  hy- 
drogen to  the  oxymuriatic  add  to  form  com- 
mon muriatic  add  gas. 

He  caused  strong  explodons  from  an  dec- 
trical  jar  to  pass  tli^ough  oxymuriatic  gas,  by 

means  of  points  of  plj^a,  fbr  several  hours    „ ^^ ^  ^^ .,—.— ,  , 

in  succession ;  but  it  seemed  not  to  undergo    tina  was  scarcdy  acted  upon  at  die -heat  of 
the  alightest  change.  fusion  o£  the  glass. 

He  dectrised  the  oxymuriates  of  nhospho-  The  product  from  men»ry  was  corraaive 
rus  and  sulphur  for  some  hours,  by  the  power  sublimate.  That  fiom  zinc  was  nmilar  in 
of  the  voltaic  apparatus  of  1000  double  plates.-  colour  to  that  from  antimony,  but  was  mudi 


from  them,  it  bemg  for  the  most  part  i 
posable  by  water  ?  On  this  idea,  muriatic  add 
may  be  conddeved  as  having  hydrogen  for  its 
bads,  and  oxymuriatic  acid  for  its  addifying 
prindplei  and  the  phosphoric  sublimate  as 
having  phosphorus  for  its  basis,  and  oxjmu- 
riadc  aad  for  its  acidifying  matta ;  and  l4iba- 
vius^s  liquor,  and  the  compounds  of  arsenic 
with  oxymuriadc  add,  may  be  regaided  as 
analogous  bodies.  The  combinatians  of  oxy- 
muriadc add  with  lead,  silver,  mercury,  po^ 
tasdum,  and  sodium,  in  this  view,  would  be 
considered  as  a  dass  of  bodies  rdated  more  to 
oxides  than  adds,  in  their  powers  of  attiac- 
don.— HoA:.  Lee.  1800. 

On  the  CombhtatUni  qfthe  Common  Metals 
ttHh  Oxygen  and  Oxymuriatic  Gat, 

Sir  H.  used  in  all  cases  small  retorts  of 
green  glass,  contacting  from  three  to  six  cu- 
bical indies,  furnished  with  stop-codra.  The 
metallic  substances  were  introduced,  the  retort 
exhausted  and  filled  with  the  gaa  to  be  acted 
upon,  heat  was  appUed  by  means  of  a  spirit 
lamp,  and  after  cooling,  die  resulto  woe  ex. 
amined,  and  the  residual  gas  analyzed. 

All  die  metals  that  he  tried,  except  silver, 
lead,  nickel,  cobalt,  and  gold,  when  heated, 
burnt  in  the  oxymuriadc  gas,  and  the  volatile 
metals  with  flame.  Arsenic,  antimony,  tellu- 
rinm,  and  zinc,  with  a  white  flame,  merrur^ 
with  a  red  flamei  Tin  became  ignited  to 
whiuaiess,  and  iron  and  copper  to  redness; 
tungsten  and  manganese  to  dull  redness  i  pla- 


No  gas  separated,  but  a  minute  quaodty  of 
hydrogen,  which  he  was  inclined  to  attribute 
to  the  presence  of  moisture  in  the  apparatus 
employed;  for  he  once  obtained  hydrogen 
from  Libavius's  liquor  by  a  dmilar  opeiation 


less  volatile. 

Silver  and  lead  produced  hom-dlver  and 
horn-lead ;  and  bismuth,  butter  of  bismuth. 

In  actins  upon  metallic  oxides  by  oxymu- 
riadc gas,  he  found  that  those  of  lead,  aiher. 


But  he  ascertained  that  dus  was  owing  to  die  tin,  copper,  antimony,  bismudi,  and  tellurium, 

decomposition  oi  water  adhering  to  the  mer-  were  decomposed  m  a  heat  bdow  icdneaa,  but 

cury :   and  in  some  late'  experiments  made  the  oxides  of  the  volatile  metals  mote  readfly 

widi  2000  double  pUites,  in  which  the  dis-  than  diose  of  die  fixed  ones.    The  oxides  of 

charge  was  from  pUdna  wires,  and  m  which  cobalt  and  nickel  were  sCBicely  acted  upon  at 

die  mercury  used  for  confining  die  liquor  waa  a  dull  led  heat    Hie  red  oxide  of  iron  was 

carefully  boiled,  diere  was  no  production  of  not  afiected  at  a  strong  red  heat,  whilst  the 

any  permanent  dasdc  nutter.  black  oxide  was  readily  deoompoaed  at  a  much 

Few  substances,  perhaps,  have  less  ddm  lower  temperature ;  arsenical  add  underwent 


to  be  considered  as  add  than  oxymuriadc 
add.  As  yet  we  have  no  right  to  say  that  it 
has  been  decompounded;  and  as  its  tendency 
of  oombinadon  is  with  pure  inflammable  mat- 
ters, it  may  possibly  bdong  to  the  same  dass 
of  bodies  as  oxygen. 


no  change  at  the  greatest  heat  that  could  be 
given  it  in  the  gbm  retort,  whilst  the  white 
oxide  readily  decomposed* 

In  cases  where  oxygen  was  given  off,  it  wss 
found  exacdy  the  same  in  quantity  as  that 
which  had  been  abeoibed  by  the  metaL  Thus 
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^0  gnfan  of  red  oxide  of  mercary  absorbed 
^jT  <^  B  cofaical  inch  of  oxymuriatic  gas,  and 
.^ffbtdcd  0.45  of  oxygen.  Two  grains  of  dark 
•^We  oxide  ftom  calomel  decomposed  by  pou 
-23sh,  absorbed  about  -fi^  of  oxvinuiiatia  gas, 
^nd  affinded  -f^  of  oxygen,  and  oorfosive  sub- 
liroate  waa  produced  in  both  cases. 

In  the  deoompoftition  of  the  white  oxide  of 
zinc,  oxygen  waa  expelled  exactly  equal  to 
lialf  the  volume  of  the  oxymuriatic  add  ab. 
sorbed.  In  the  case  of  the  decomposition  of 
the  black  oxide  of  iron,  and  the  white  oxide  of 
srseoJCy  the  dianges  that  occoired  were  of  a 
very  beautiful  kind  9  no  oxygen  waa  given  off 
in  cither  caae,  but  butter  <^  arsenic  and  ar. 
senical  acid  formed  in  one  instance,  and  the 
ferruginous  sublhnate  and  red  oxide  of  iron  in 
the  other. 


General  Cottclntiotu  and  ObtcrvatUms^  Uhts- 
trated  by  Experiments. 

Oxymuriatic  gas  combines  with  inflamma- 
ble bodies,  to  form  simple  binary  compounds ; 
and  in  these  cases,  when  it  acts  upon  oxides, 
it  either  produces  the  expulsion  of  their  oxy- 
gen, or  causes  it  to  enter  into  new  combina- 
tions. 

If  it  be  said  that  the  oxygen  arises  from  the 
decomposition  of  the  oxymuriatic  gas,  and  not 
trom  the  oxides,  it  may  be  asked,  why  it  is 
always  the  quantity  contained  in  the  oxide? 
and  why  in  some  cases,  as  those  of  the  per- 
oxides  of  potassium  and  sodium,  it  bears  no 
relation  to  the  quantity  of  gas  ? 

If  there  existed  any  acid  matter  in  ox  v. 
muriatic  gas,  combined  with  oxygen,  it  ought 
to  be  exhibited  in  the  fluid  compound  of  one 
proportion  of  phosphorus,  and  two  of  oxy- 
muriatic  gas  ;  for  this,  on  such  an  assumption, 
shouM  consist  of  muriatic  acid  (on  the  old 
hypothesis,  free  from  water)  and  phosphorous 
acid  ;  but  this  substance  has  no  eflcct  on  lit- 
mus paper,  and  docs  not  act  under  common 
rircumstances  on  fixed  alkaline  bases,  such  as 
dry  lime  or  ma^^nesia.  Oxymuriatic  gas,  like 
oxyge^n,  must  be  combined  in  large  quantity 
with  peculiar  inflammable  matter,  to  form  acid 
matter.  In  its  union  with  hydrogen,  it  in- 
stantly reddens  the  driest  litmus  paper,  though 
a  gaseous  body.  Contrary  to  acids,  it  expds 
oxygen  ftom  protoxides,  and  combines  with 
peroxides. 

When  potassium  is  burnt  in  ox3rmuriatic 
gafi,  a  dry  compound  is- obtained.  If  potas- 
sium combined  with  oxygen  is  emplovcd,  the 
whole  of  the  oxygen  is  expelled,  and  the  same 
compoand  formed.  It  is  contrary  to  sound 
k^c  to  say,  that  this  exact  quantity  of  oxy. 
gen  is  given  off  from  a  body  not  known  to  be 
oompoond,  when  we  are  certain  of  its  existence 
in  anoUier;  and  all  the  cases  are  parallel. 

Scheele  explained  the  bleaching  powers  of 
the  oxynmrintic  gas,  by  supposing  that  it  de- 


stroyed colours  by  combining  with  phlogiston. 
BcTihoUct  considered  it  as  acting  by  supplying 
oxygen.  He  made  an  experiment,  which 
seems  to  prove  that  the  pure  gas  is  incapable 
of  altering  vegetable  colours,  and  that  its 
operation  in  bleaching  depends  entirely  upon 
its  property  of  decomposing  water,  and  liber- 
ating its  oxygen. 

He  filled  a  glass  globe,  containing  'dry 
powdered  muriate  of  lime,  with  oxymuriatic 
gas.  He  introduced  some  dry  paper  tinged 
with  litmus  that  had  been  just  heated,  into 
another  globe  containing  dry  muriate  of  lime: 
after  some  time  this  globe  was  exhausted,  and 
then  connected  with  the  globe  containing  the 
oxymuriatic  gas,  and  by  an  appropriate  set  of 
stc^-cocks,  the  paper  was  exp(»ed  to  the  action 
of  the  gas.  No  chance  of  colour  took  place, 
and  a&r  two  days  there  was  scarcely  a  per- 
ceptible alteratton. 

Some  similar  paper  dried,  introduced  into 
gas  that  had  not  been  exposed  to  muriate  of 
Hme,  waa  instantly  rendered  white. 

It  is  generally  stated  in  chemical  books, 
that  oxymuriatic  gas  is  capable  of  being  con. 
denaed  and  crystallized  at  a  low  temperature. 
He  found  by  several  experiments  that  this  is 
not  the  case.  The  solution  of  oxymuriatic 
gas  in  water  freezes  more  readily  man  pure 
water,  but  the  pure  gas  dried  by  muriate  of 
lime  undergoes  no  change  whatever,  at  a  tem- 
perature of  40  below  0<^  of  Fahrenheit  The 
mistake  seems  to  have  arisen  from  the  expo- 
sure  of  the  gas  to  cold  in  bottles  containing 
moisture. 

He  attempted  to  decompose  boracic  and  phos- 
phoric acids  by  oxymuriatic  gas,  but  without 
success ;  from  which  it  seems  probable,  that 
the  attractions  of  boracium  and  phosphorus  for 
oxygen  arc  stronger  than  for  oxymuriatic  c;as. 
And  fVom  the  experimenis  already  detaued, 
iron  and  arsenic  are  analogous  in  this  respect, 
and  probably  some  other  metals. 

Potassium,  sodium,  calcium,  strontium,  ba- 
rium, zinc,  mercury,  tin,  lead,  and  probably 
silver,  antimony,  and  gold,  seem  to  have  a 
stronger  attraction  for  oxymuriatic  gas  than 
for  oxygen. 

^^  To  call  a  body  which  is  not  known  to  con- 
tain oxygen,  and  which  cannot  contain  muriatic 
acid,  oxymuriatic  acid,  is  contrary  to  the  prin- 
ciples oif  that  nomenclature  in  which  it  is 
adopted ;  and  an  alteration  of  it  seems  neces- 
sary to  assist  the  progress  of  discussion,  and 
to  difluse  just  ideas  on  the  subject.  ^  If  tlie 
great  discoverer  of  this  substance  had  signified 
it  by  any  simple  name,  it  would  have  been 
proper  to  have  recurred  to  it ;  but  depblogisti- 
cat^  marine  acid  is  a  term  which  can  hardly 
be  adopted  in  the  present  advanced  era  of  the 
science. 

^*  After  consulting  some  of  the  most  eminent, 
chemical  philosophers  in  this  country,  it  haa 
been  judged  most  proper  to  suggest  a  name 
founded  upon  one  or  its  obvious  and  character- 
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iatic  properdea — ita   colour,   and  to  call  it 
chlorine  or  chloric  gas. 

*•*•  Should  it  hereafter  be  discovered  to  be 
compound,  and  even  to  contain  oxygen,  this 
name  can  imply  no  error,  and  cannot  neces- 
sarily require  a  change. 

"''  Most  of  the  salts  which  have  been  called 
muriates,  are  not  known  to  contain  any  mu- 
riatic add,  or  any  oxygen.  Thus  Libavius^s 
liquor,  though  converted  into  a  muriate  by 
water,  contains  only  tin  and  oxymuriatic  gas, 
and  honl-silver  seems  incapable  of  bdng 
converted  into  a  true  muriate." — Bak.  Lee 
1811. 

We  shall  now  exhibit  a  summary  view  of  the 
preparation  and  properties  of  chlorine. 

Mix  in  a  mortar  3  parts  of  common  salt  and 
1  of  black  oxide  of  manganese.  Introduce 
them  into  a  elass  retort,  and  add  2  parts  of 
sulphuric  acid.  Gas  will  issue,  which  must 
be  collected  in  the  water-pneumatic  uough. 
A  gentle  heat  will  favour  its  extrication.  In 
practice,  the  above  pasty-consistenced  mixture 
is  apt  to  boil  over  into  the  neck.  A  mixture 
of  liquid  muriatic  add  and  manganese  is  there- 
fore more  convenient  for  the  production  of 
chlorine.  A  very  slight  heat  is  adequate  to  its 
expulsion  from  the  retort.  Instead  of  man- 
ganese,  red  oxide  of  mercury,  or  puce-colouied 
oxide  of  lead,  may  be  employed. 

This  gas,  as  we  have  already  remarked,  is 
of  a  greenish-yellow  colour,  easily  recognized 
by  day-light,  but  scarcely  distinguishable  by 
that  of  candles.  Its  odour  and  taste  are  dis- 
agreeable, strong,  and  so  characteristic,  that  it 
is  impossible  to  mistake  it  for  any  other  g^ 
l^Tien  we  breathe  it,  even  much  diluted  with 
air,  it  occasions  a  sense  of  strangulation,  con- 
striction of  the  thorax^  and  a  copious  discharge 
from  the  nostrils.  If  respired  in  larger  quan- 
tity, it  exdtes  violent  coughing,  with  spitting 
of  blood,  and  would  speedily  destroy  the  indi- 
vidual, amid  violent  distress.  Its  specific 
gravity  is  2-6.  This  is  better  inferred  from 
the  specific  gravities  of  hydrogen  and  muriatic 
add  gases,  than  from  the  direct  weight  of 
chlorine,  from  the  impossibility  of  confining  it 
over  mercury.  One  volume  of  hydrogen, 
added  to  one  of  chlorine,  form  two  of  the  add 
gas.  Hence,  if  from  twice  the  spedfic  gravity 
of  muriatic  gas  =  2.5694,  we  subtract  that  of 
hydrogen  =  0.0694,  the  difi*ercnoe  2.6  is  the 
specific  gravity  of  chlorine.  100  cubic  inches 
at  mean  pressure  and  temperature  weigh  ^b\ 
grains.    See  Gas. 

Sir  H.  Davy  having  suggested  (PhiL  Trans* 
1823)  to  Mr.  Faraday  to  expose  tne  crystalline 
hydrate  of  chlorine  (see  infra)  to  heat  under 
pressure,  the  following  experiments  were  com- 
menced at  his  request.  Some  hydrate  of  chlo- 
rine,  dried  by  pressure  on  bibulous  paper,  was 
introduced  into  a  sealed  glass  tube,  the  upper 
end  of  which  was  then  hermetically  dosed. 
Bdng  placed  in  water  at  60°  no  diange  was 
perceived  j  but  when  put  into  water  at  100^ 


the  hydrate  frised,  the  tube  became  UDed  with 
a  bright  ydlow  atmosphere,  and  on  examina- 
tion it  was  foimd  to  contain  two  ihiid  snh. 
stances ;  the  one,  about  three-fourths  of  the 
whole,  was  of  a  faint  yellow  colour,  having 
very  much  the  appearance  of  water;  the  re- 
maining  fourth  was  a  heavy  bri^t  yellow 
fluid,  Ijring  at  the  bottom  of  the  formes,  with- 
out any  apparent  tendency  to  mix  with  it  As 
the  tube  cooled,  the  yellow  atmosphere  oon- 
deiuKd  mto  more  of  the  yellow  fluid,  whidi 
floated  in  a  film  on  the  pale  fluid,  looking 
very  like  chloride  of  nitrogen.  He  afterwards 
succeeded  in  distilling  the  yellow  fluid  to  one 
end  of  the  tube,  and  so  separated  it  from  the 
remaining  portion.  AVhen  the  tube  was  cut 
in  the  middle  the  parts  flew  asunder,  and  a 
powerful  atmosphere  of  chlorine  exhaled. 
Subsequently,  by  a  condensing  syringe,  he 
converted  chlorine  dried  over  sulphuric  add 
into  the  same  yellow  liquid.  Siaoe  then, 
M.  Bussy  has  liquefied  chlonneb  by  coding 
the  vessd  containing  it,  with  his  liquid  sul- 
phurous add. 

In  its  perfectly  dry  state,  the  gas  has  oo 
effect  on  dry  vegetable  colours.  With  the 
aid  of  a  little  moisture,  it  bleaches  thcan  into  a 
ydlowish-white.  Scheele  first  remarked  this 
bleaching  property;  BerthoUet  applied  it  to 
the  art  of  bleaching  in  Franoe;  and  from 
him  Mr.  Watt  introduced  its  use  into  Great 
Britain. 

If  a  lighted  wax  taper  be  immersed  rapidly 
into  this  gas,  it  consumes  very  fast,  with  a 
dull  reddish  flame,  and  much  smoke  The 
Uper  will  not  bum  at  the  surface  of  the  gas. 
Hence,  if  slowly  introduced,  it  is  apt  to  be 
extmguished.  The  alkaline  metals,  as  weD 
as  copper,  tin,  arsenic,  zinc,  antimony,  in  fine 
laminae  or  filings,  spontaneously  bum  in  chlo- 
rine. Itf  etallic  chlorides  result  Pbosphoru!i 
also  takes  fire  at  ordinsiy  temperatures,  and  is 
converted  into  a  chloride.  Sulfur  may  be 
mdted  in  the  gas  without  taking  fire.  It  forms 
a  tiquid  chbride,  of  a  reddish  coloor.  When 
dry,  it  is  not  altered  by  any  change  of  tem- 
perature. Enclosed  in  a  phial  with  a  little 
moisture,  it  ooncRtes  into  crvstalline  needles^ 
at  40"  Fahr. 

According  to  M.  Thenard,  water  condenses 
at  the  temperature  of  68*"  Fahr.,  and  at  29.9'2 
barom.  l^  times  its  volume  of  chlorine,  and 
forms  aqueous  chlorine,  formerly  called  liquid 
oxymuriatic  add.  This  combination  is  be»t 
made  in  tlie  second  bottle  of  a  Woolfe^s  appa- 
ratus, the  first  being  charged  with  a  little 
water,  to  intercept  the  muriatic  add  gas,  while 
the  third  bottle  may  contain  potaafa-watcr,  or 
milk  of  lime,  to  condense  the  superfluous  gas. 
M.  Thenard  says,  that  a  kilogramme  of  salt  is 
sufRdcnt  for  saturating  from  10  to  12  lities  q& 
water.  These  measures  correspond  to  2}  lbs. 
avoirdupois,  and  to  from  21  to  26  pints  £ng* 
lish.  I'here  is  an  inaenioos  apparatus  for 
making  aqueous  chloonc,  descr&cd  in  Ber- 
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tfadOet's  Etaooents  of  Dyeing*  toI.  i ;  which, 
howerer,  the  happy  substitutkm  of  slaked  time 
for  water,  br  Mr.  Charles  Teoneot  of  Glasgow, 
has  supenedcd,  for  the  puiposes  of  manuiafr* 
tuie.  It  ooDgeahi  by  cold  at  40**  Fahr.  and 
affinds  cryataUixed  plates,  of  a  deep  yellow, 
contaixung  a  less  proportion  of  water  than  the 
liquid  GombxnatioD.  lieoce,  when  chlorine  Is 
pused  into  water  at  temperatuxes  under  40*', 
the  liquid  finally  becomes  a  concrete  mass, 
which  at  a  gentle  heat  liquefies  with  efifer. 
vescenoe^  &om  the  escape  of  the  excess  of  chlo^ 
line. 

The  hydrate  oi  chlorine  may  be  obtained, 
well  crysteUized,  by  introducing  into  a  dean 
bottle  of  the  gas  a  little  water,  but  not  aafli- 
dent  to  convert  the  whole  into  hydrate,  and 
then  placing  the  bottle  in  a  tempesature  some- 
what bdow  32'*  Fahr.  for  a  few  days,  in  a  dark 
place.  The  hydrate  is  produced  in  a  crust, 
ox  in  dendritical  crystals,  but,  being  left  to 
itself,  will  in  a  few  days  subHme  from  one 
part  of  the  bottle  to  ano&er,  in  the  manner  of 
camphor,  forming  brilliant  and  comparatively 
lai^  oyBtals,  which  when  most  perfect  are 
acute  flattened  octohedra.  These  crystals  con- 
sist in  100  parts  of  27-7  chlorine  4-  72.3 
water;  which  accords  with  10  atoms  of  water 
to  1  of  chlorine.— 3fr.  Faraday,  Journal  of 
Science^  zt.  71* 

When  steam  and  chlorine  are  passed  toge- 
ther through  a  redrhot  potcelain  tube,  they  are 
converted  into  muriatic  add  and  oxygen.  A 
like  result  is  obtained  by  exposing  aqueous 
chlorine  to  the  solar  rays ;  with  this  difference, 
that  a  little  chloric  acid  is  formed.  Hence, 
aqoeoos  chlorine  should  be  kept  in  a  dark 
pUce.  Aqueous  chlorine  attacks  almost  all  the 
metals  at  an  ordinary  temperature,  forming 
muriates  or  chlorides,  and  heat  is  evolved.  It 
has  the  smell,  taste,  and  colour  of  chlorine ; 
and  acts,  like  it,  on  vegetable  and  animal 
coknixs.  Its  taste  is  somewhat  astringent,  but 
not  in  the  least  degree  addulous. 

When  we  put  in  a  perfectly  dark  place,  at 
the  ordinary  temperature,  a  mixture  of  chlo- 
rine and  hydrogen,  it  experiences  no  kind  of 
alteration,  even  in  the  space  of  a  great  many 
days.  But  if,  at  the  same  low  temperature, 
ve  expose  the  mixture  to  the  diffuse  light  of 
day,  by  degrees  the  two  gases  enter  into  che- 
mical combination,  and  form  muriatic  add 
gas.  There  is  no  change  in  the  volume  of  the 
mixture,  but  the  change  of  its  nature  uuiy  be 
proved,  by  its  rapid  absorbability  by  water,  its 
not  exploding  by  the  lighted  taper,  and  the 
disappearance  of  the  chkxine  hue.  To  produce 
the  complete  discoloration,  we  must  expose  the 
mixture  finally  for  a  few  minutes  to  the  sun- 
beam. If  exposed  at  first  to  this  intensity  of 
lig^t,  it  explodes  with  great  violence,  and  in- 
stancy forms  muriatic  add  gas.  The  same 
explosive  combination  is  produced  by  the  elec- 
tric spark  and  the  lighted  taper.  M.  Thenard 
say5,  a  heat  of  30^  is  suffident  to  cause  the 


explosion.  The  proper  proportion  is  an  equal 
volume  of  each  gas.  Chlorine  and  nitrogen 
combine  into  a  remarkable  detonating  com- 
pound, by  exposing  the  former  gas  to  a  solu- 
tion of  an  ammooiacal  salt  See  Nitroobx. 
Chbrine  is  the  most  powerful  agent  for  de- 
stroying contagious  mAannaia.  The  disinfect- 
ing phials  of  Morveau  evolve  this  gas. 

Dr.  Brown  has  recently  em^doyed  chlorine 
in  solution,  in  cases  of  the  scarlet  fever,  with 
the  utmost  success.  From  a  tea  spoonful  to  a 
table  spoonful  is  given  every  two  or  three  hours, 
without  the  addition  of  any  other  substance. 
The  solution  should  be  fresh  made,  and  swal- 
lowed  quickly  to  avoid  ooughing ;  in  the  sore 
throat  sometimes  accompanying  the  fever,  it 
is  more  easily  swallowed  than  mudlaginous 
drinks.  As  dhe  disease  dedines,  the  quantity 
of  medicine  is  diminiihed :  the  whole  quanti^ 
in  the  cases  of  children  has  never  exceeded  two 
ounces,  and  in  adults  five  ounces.  For  its 
anticontagious  powers,  see  Live  (Chloride 
of).     See  Chlorous  Oxide. 

CHLORITE  is  a  mmeral  usually  friable 
or  very  easy  to  pulverize,  composed  of  a  multi- 
tude of  little  spangles,  or  shinmg  small  grainsr 
falling  to  powder  under  the  pressure  of  the 
fingers.  There  are  four  sub-species.  1.  CA/o. 
rite  eari/u  In  green,  glimmering,  and  some- 
what  pearly  scales,  with  a  shining  green  streak. 
It  adheres  to  the  skin,  and  has  a  greasy  feeL 
Spec  grav.  2.6.  It  consists  of  50  silica,  20 
alumina,  1.5  lime,  5  oxide  of  iron,  17>5  pot- 
ash.  This  mineral  is  found  chiefly  in  day- 
slate,  in  Germany  and  Switzerland.  At  Alten- 
berg,  in  Saxony,  it  is  intermingled  with  sul- 
phurets  of  iron  and  arsenic ;  and  amphibole  in 
mass.  2.  Common  chlorUe.  A  massive  mi« 
neral  of  a  blackish-gieen  colour,  a  shining 
lustre,  and  a  foliated  fracture  passing  into 
earthy.  Streak  is  lighter  green;  it  is  soft, 
opaque,  easily  cut  and  broken,  and  feels  greasy. 
Spec.  grav.  2^83.  Its  constituents  are  26  silica, 
1&5  uumhia,  8  magnesia,  43  oxide  of  iron, 
and  2  muriate  of  potash.  3.  CfUoriie  date, 
A  massive,  blackish-green  mineral,  with  re- 
sinous  lustre,  and  curve  da^  or  scaly-ffdiated 
fracture*  Double  deavage.  Easily  cut.  Feda 
somewhat  greasy.  Spec.  grav.  2.82.  Itoccuiw 
particularly  along  with  day-slate,  and  is  found 
in  Corsica,  Fahlun  in  Sweden,  and  Norway. 
4.  Foliated  chlorite.  '  Cobur  between  moun- 
tain and  blackish-green.  Massive ;  but  com- 
monly crystallized  in  six-sided  tables,  in  cylin- 
ders terminated  by  two  cones,  and  in  double 
cones  with  the  bases  joined.  Surface  streaked. 
Lustre  shining  pearly ;  foliated  fracture,  trans- 
lucent on  the  edges;  soft,  seccOe,  and  folia 
usually  flexible.  Feds  rather  greasy.  Spoc. 
grav.  2.82.  It  is  found  at  St  Gothard,  in 
Switzerland,  and  in  the  island  of  Java.  Ito 
constituents  are  35  iBca,  18  alumina,  29.9 
magnesia,  9.7  oxide  of  iron,  2.7  water. 

CHLOROPHANE.  A  vwlet^Mor  tpar^ 
found  in  Siberia. 
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CHfiORIDEft.     ComponiidB  of  chlorine 

with  bases.    Set  the  lespectiTe  bases. 
CHLORIDE  OF  CARBON.    See  Car. 

BOW. 

CHLORO.CARBONOUS  ACID.  The 

tenn  diloro-cacbonic  which  has  been  given 
to  this  oompound  is  incoReet,  leadiog  to 
the  belief  of  its  bdng  a  compound  of  dhlo- 
line  and  acidified  chanoal,  in^ead  of  being  a 
compound  of  cfakmne  and  the  protoxide  of 
diarcoaL  Chlorine  has  no  immediate  action 
on  carbonic  oxide,  when  th^  are  exposed  to 
each  other  in  oonunon  day-light  over  mer- 
cuiy;  not  eyen  when  the  electric  spark  is 
passed  throu^  theoi.  Experiments  made  by 
I^.  John  Davy,  in  the  presence  of  his  brother 
Sir  H.  Davy,  prove  that  they  combine  rapidly 
when  exposed  to  the  direct  solar  beams,  and 
one  volume  of  eadi  is  condensed  into  one  vo- 
lume of  the  compound.  The  resulting  gas 
possesses  very  curious  properties,  approaching 
to  those  of  an  acid.  From  the  peculiar  po- 
tency of  the  sunbeam  in  efiecting  this  cam. 
buiAtion,  Dr.  Davy  called  it  phosgene  gag. 
The  constituent  gases,  dried  over  muriate  of 
lime,  ought  to  be  introduced  from  sepacatc 
reservoirs  into  an  exhausted  globe,  perfectly 
dry,  and  ej^oaed  Soe  fifteen  ounutes  to  br^t 
sonahine,  or  for  twelve  hours  to  day-liffht. 
Tbe  colour  of  the  chlorine  disappears,  and  on 
opening  the  stopcock  belonging  to  Uie  globe 
under  mercury  recently  boiled,  an  absorption 
of  one-half  the  gaseous  volume  is  indioted. 
llie  resulting  gas  possesses  properties  perfectly 
distinct  from  those  belonging  to  eittier  car- 
bonic oxide  or  chlorine. 

It  does  not  fiime  in  the  atmosphere.  Its 
odour  is  difierent  from  tiut  of  chlorine,  some- 
thhig  like  that  which  might  be  imagined  to 
result  from  the  smell  of  chlorine  combined 
with  that  of  ammonia.  It  is  in  fact  more  in- 
tdterable  and  suffocating  than  chlorine  itself, 
and  afiects  the  eyes  in  a  peculiar  manner, 
producing  a  rapid  flow  of  tears,  and  occasion, 
uig  painful  sensations. 

It  reddens  dry  litmus  paper,  and  oondensea 
fbor  vvdumes  of  ammonia  into  a  white  salt, 
vdiile  heat  is  evolved.  This  ammoniacal  com. 
pound  ia  neutral,  has  no  odour,  but  a  pungent 
saline  taste ;  is  ddiquesoent,  decomposable  by 
the  liquid  mineral  adds,  dissolves  without  ef- 
fervescing m  vinegar,  and  suUimes  unaltered 
in  muriatic,  carbonic,  and  sulphurous  add 
gases.  Sulphuric  add  resolyes  it  into  carbonic 
and  muriatic  acids,  in  the  proportion  of  two 
in  volume  of  the  Utter,  and  one  of  the  former. 
Tin,  zinc,  antimany,  and  arsenic,  heated  in 
diloro-caxbonoua  aad,  abstract  the  chlorine, 
and  leave  the  carbonic  oxide  expanded  to  its 
original  volume.  Neither  ignition  no^  ex- 
ph»ion  takes  place,  though  me  action  of  the 
metals  is  rapid.  FotilKium  acting  on  the 
oompound  gas  produces  a  solid  chloride  and 
charcoal.  White  oxide  of  zinc,  with  chloro- 
carbonous  add,    gives  a  metallic  chloride. 


and  Cfliboiiic  «dd.  Neither  salphnr,  piios- 
phoraa,  oxygen,  nor  hydrogen,  though  aided 
by  heat,  produoss  any  dbange  on  tbe  acid  gaa. 
But  oxygen  and  hydrogen  together  in  due 
pcopoEtions,  explode  in  it ;  or  naese  exposure 
to  water  opnverta  it  into  mnritie  and  carbonic 
add  gases. 

From  its  oompletdy  nfutralizing  i 
which  carbonic  add  does  not;  from  itaa  _ 
rating  carbonic  add  from  the  subcaibonale  of 
this  alkali,  while  itadf  it  not  separable  by  die 
add  gases  or  acetic  add,  and  its  leddenii^ 
vegetable  blnea,  there  can  be  no  hesitation  in 
pronouncing  the  chkro-carbonous  compound 
to  be  an  add.  Its  saturating  powen  indeed 
surpass  every  other  subatanoei  None  oon. 
denses  so  large  a  proportion  of  ammonia. 

One  measure  of  alcohol  condenses  twdreof 
cfaloro-carbonous  gM  without  deconffioaing  it ; 
and  acquires  the  peculiar  odour  and  power  of 
afibcting  the  eyes. 

To  prepare  the  gas  in  a  pure  state,  s  good 
air-pump  is  requir^,  perfectly  tight  ati^MXkcks, 
dry  gases,  and  dry  vessels.  Its  spedfic  ^vity 
may  be  in£erred  from  the  specific  (^spuies  of 
itsoonstitaantSyOfwhidiitistfaeaiiBb  Hove 
3.6  -f  0.9722  =  3.4722,  is  the  spedfic  gis. 
vity  of  diloro-carbonoua  gas;  and  100  cubic 
indies  weigh  105.9  grains.  It  appears  that 
when  hydrogen,  carbonic  oxide,  and  cfalo- 
rine,  mixed  in  equal  volumes,  arc  exposed  to 
light,  muriatic  and  chloro-carbonons  adds  arc 
formed,  in  equal  ppyortions,  indicating  ao 
equality  of  affinity. 

The  paper  in  the  PhiL  Trans,  for  1812» 
from  which  the  preceding  facts  are  taken, 
does  honour  to  the  sduMM  of  Sir  fi.  Davy. 
MM.  Gay  Lussac  and  Thenard,  98  wdl  as 
Dr.  Murray,  made  contxovcnial  investigations 
on  the  subject  at  the  same  time,  but  without 
success.  M.  Thenard  has,  howevw,  rccojg- 
nised  its  distmct  existence  and  properties,  by 
die  name  of  carbo^muriatic  acad,  in  tlie  2d 
volume  of  his  System,  published  in  1814, 
where  he  oonddos  it  aa  a  compound  of  mu. 
riatic  and  carbonic  sdda,  resulting  from  the 
mutual  actions  odbeoxifgttiaied  munaiie  add 
and  carbonic  oxide. 

CHLOROPAL.  A  mineral  of  which  there 
are  two  varieties,  theooncfaoidal,  and  the  earthy. 
The  conchoidal  has  a  pistachio  green  cokmr, 
opaque,  opedfic  gravity  2.  It  bnaks  readily 
into  panllekipipeds.  It  consists  of  silica  46; 
oxide  of  iron  35.3;  magnesis  2;  alumina 
LO ;  water  18 ;  with  traces  of  potssb  and 
manganese.  It  is  found  accompanying  oopsd, 
not  ha  from  Unghwar  in  the  comitate  of  the 
same  name. 

CUIiQROPH(EIT£.  A  mineral  of  a 
green  odour  when  newly  broken,  but  soon  be- 
coming bUttk.  It  is  scratdied  by  a  quilL 
Brittle.  6p.gnv.2.02.  Not  affected  by  the 
blowpipe.  It  is  found  imbedded  in  the  smyg^ 
daloids  of  the  diffof  Scuumote,  in  the  iaic  of 
Rum,  and  also  in  Fife^  in  nodules  generally 
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Toundtfiom  the  sue  of  a  ndiah  leed^to  that 

of  a  pea.    Dr.  Maccuttoeh, 
CHLOROUS  and  CHLORIC  OXIDES, 

or  the  protoxide  and  dentoxide  of  cfa]orin& 
Bodiof  these  interetting  gaaeoiu  eompounda 

were  dJMOTCied  by  Sh  Bu  Davy, 
lat.  The  experimeDta  which  Jed  hhn  to  the 

knowledge  of  the  fint  weie  institnted  in  ooife 
lequenoe  of  the  diflerenee  he  had  obaenred 
between  the  properties  of  chlorine,  prepared 
in  different  modes.  The  paper  descriUiig  tha 
production  and  properties  of  the  chlorous  oxide 
waa  published  in  the  first  part  of  the  FhiL 
Trana.  for  1811.  ToDrepaieit,weputdilorate 
of  potaah  into  a  naaU  retort,  and  pour  in  twice 
as  niucfa  muTiatic  add  aa  will  cover  it,  diluted 
with  an  eoual  volume  of  water.    By  the  ap« 

fBcaitUm  of  a  gentle  heat,  the  gaa  is  evolved. 
t  nxoafc  he  ooUeeted  over  mercury. 

Ita  tint  is  mncb  more  Uvdy,  and  mon 
ydlow  than  dilorine,  and  hence  ita  iUustrions 
diseovcrer  named  it  euddorime.  Its  smdl  ia 
pecnliar,  and  approaches  to  that  of  humt  sugar. 
It  ia  not  respirable.  It  is  soluble  in  water,  to 
which  it  ^ves  a  lemon  colour.  Water  abaorba 
8  or  10  tunes  its  volumeof  this  gas.  Its  spe- 
cific gravity  is  to  that  of  common  air  nearly 
as  2.40  to  I ;  for  100  cubic  inches  weigh,  ac- 
ending  to  Sir  H.  Davy,  between  74  and  7& 
gndna.  If  the  compound  gas  result  from  4 
volumes  of  chlorine  -H  ^  of  oxygen,  weighing 
1 2. 1 164»  which  undergo  a  condensation  (Jooe- 


inadaas 

tube  over  pure  mercury,  lost  their  brilliaat 
odoaz,  and  became  00  measures,  of  which  40 
were  chlorine  and  90  oxygen. 

Thia  gas  mnat  be  collected  and  examined 
vith  mndi  prudence,  and  in  very  small  quan- 


A  gentle  heat,  even  that  of  the 
vfll  caoae  ita  explosion,  with  sndh  face  aa  to 
bust  thin  glass.  From  diis  fiKility  of  de- 
compowtion,  it  is  not  essy  to  ascertain  the 
acdon  of  combustible  bodies  upon  it.  None 
of  the  metala  that  bom  in  chlorine  act  upon 
tiiia  gaa  at  common  temperaturea;  but  wneo 
tile  oxygen  ia  separated,  they  then  inflame  in 
the  chionne.  Thb  may  be  readily  exhibited, 
by  first  introdudug  into  the  protoxide  a  little 
l>atdi  foil,  which  will  not  be  even  tarnished ; 
but  on  applying  a  heated  ghus  tube  to  the  gaa 
in  the  wA  of  the  bottle,  decomposition  in- 
stantly tidcea  place,  and  the  foil  bums  wldi 
brilliancy.  When  aheady  in  chemical  union, 
thereAife,  dilorine  haa  a  stronger  attraction  ftnr 
oxygen  than  for  metala ;  but  when  insulated, 
its  affinity  for  the  latter  is  predominant.  Prot- 
oxide of  chkcine  has  no  action  on  mercury, 
but  dilerine  ia  rapidly  condensed  by  this  metal 
into  caUaneL  Thoa  the  two  gases  may  be 
completely  separated.  When  phoaphoms  is 
intsnluoed  into  the  protoxide,  it  instantly 
boma,  aa  it  would  do  in  a  mixture  of  two  vo^ 
lomea  of  chlorine  and  one  of  oxygen ;  and  a 


chloride  and  add  of  phosphorus  result.  Lighted 
taper  and  bumins  sulphur  liicewise  instantly 
decompoae  it.  When  the  protoxide  freed  fiom 
water  is  made  to  act  on  di^  vegetable  colours, 
it  gradually  destroys  them^  but  first  gives  to 
the  blues  a  tint  of  red;  fhim  which,  from  iu 
absorbability  by  water,  and  the  strongly  acrid 
taste  of  the  solution  approaching  to  sour,  it 
may  be  considered  aa  approximating  to  an  add 
in  its  nature.  Since  2  volumes  of  dilorine 
wdgh  (2  X  2.6)  6,  and  1  of  oxygen  1.1111 ; 
we  have  44^  +  1  =2  5J(  for  the  prime  equl- 
valent  of  chloroua  oxide  on  the  oxygen  scale. 
The  proportion  by  weight  in  100  parts  is 
81.05  chlorine  +  18.35  oxygen. 

2d,  Deutoxide  of  CfUoHne^  or  CfUoric 
Oxide.  «« On  Thursday  the  4th  May,  a  paper 
by  Sir  H.  Davy  waa  read  at  the  Royal  So- 
dety,  on  the  action  of  adds  on  hypier-oxy. 
muriate  of  potash.  When  sulphuric  add  is 
poured  upon  thia  salt  in  a  wine-glass,  very 
Uttle  dfovescence  takes  plaoe,  but  the  add 
gradually  acquires  an  onuige  colour,  and  a 
denae  yellow  vapour,  of  a  peculiar  and  not 
disagreeable  smell,  floats  on  the  surftee. 
These  phenomena  led  the  author  to  bdieve, 
that  the  aubstance  extricated  from  the  salt 
ia  hdd  ia  aolutian  by  the  add.  After  varioua 
ansttcceaaful  attempts  to  obtain  this  subetanee 
in  a  sepsrate  state,  he  at  last  succeeded  by 
the  followhig  method :  About  00  graina  of 
the  salt  are  triturated  with  a  Utile  sulphmic 
add,  joat  sufficient  to  convert  them  into  a  very 
solid  paate.  This  is  put  into  a  latost,  wfaidi 
ia  heated  by  meaaa  of  hoi  waaar.  The  water 
must  never  be  allowed  to  beoone  boiling  hot, 
forfearofezploaiflB.  The  heat  drivea  ^  tha 
new  gaa^  wfaldi  maybe  received  over  mercury. 
This  aewgaa  haa  a  much  more  intense  eokrar 
than  cocMorine.  It  doea  not  act  on  mercury. 
Water  absorbs  more  of  it  than  of  euddorine. 
Its  taste  ia  astringent  It  destroys  vegetable 
blues  without  reddenlnff  them.  When  phoa- 
phoms is  faitroduoed  mto  it,  an  exmosion 
takes  place.  When  heat  is  applied,  me  saa 
explodes  with  more  vUdenoe,  and  raodudiig 
more  liaht  than  euddorine.  When  thus 
exploded,  two  measures  of  it  are  converted 
into  neariy  three  measures,  whidi  consist 
of  a  mixture  of  one  measure  chlorine,  and 
two  meaaurea  oxygen.  Hence,  it  is  conu 
poaed  of  one  atom  ddorine  and  four  atoms 


itoxide  of  chlorine  has  a  peculiar  aro- 
matic odour,  nnmiifd  with  any  smdl  of 
dilorine.  A  little  chlorine  is  always  ah- 
aorfaed  by  the  mercury  during  the  explosion 
of  the  gaa.  Hence  the  small  defiden<^  of  die 
leaulting  measure  is  accounted  for.  At  com. 
mon  temperatures  m»e  of  the  simple  combus- 
tlblea  which  Sir  H.  Davy  tried,  decompose 
the  gaa,  except  phoaphsrus.  The  tasto  of  the 
aqueous  solution  is  exiremdy  astringent  and 
corroding,  leaving  for  a  long  while  a  verv  dis- 
The  action  of  liquid 
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nitric  add  on  the  chlorate  of  potash  affinds 
the  same  gaa,  and  a  much  lar^  ouanlity  of 
this  acid  mair  be  safely  employed  tnan  of  the 
sulphuric.  But  as  the  gas  must  be  procured 
by  solution  of  the  salt,  it  is  always  mixed  with 
about  oue-fifth  of  oxygen. 

Since  two  measures  of  this  gas,  at  212») 
explode  and  form  three  measures  of  mingled 
gases,  of  which  two  axe  oxygen  and  one  chlo- 
rine; its  composition  by  weight  is 


Oxygen,    2.2222 
Chlorine,  2.6 


4  primes,  4.00    47 
1  do.         4.6      63 

as    100 


Its  specific  gravity  is  2.361 ;  and  hence  100 
cubic  inches  of  it  weigh  about  77  grains. 

GHLOROPHILE.  The  name  lately 
given  by  MAI.  Pelletier  and  Caventou  to  the 
green  matter  of  the  leaves  of  plants.  They 
obtained  it  by  pressing,  and  then  washing  in 
water,  the  substance  of  many  leaves,  and  siker. 
wards  treating  it  with  alcohol  A  matter  was 
dissolved,  which,  when  separated  bv  evapora- 
tion, and  purified  by  washing  in  hot  water, 
appeared  as  a  deep  green  resinous  sabstance. 
It  dissolves  entirely  in  alcohol,  ether,  oils,  or 
alkalis ;  it  is  not  altered  by  exposure  to  air : 
it  is  softened  by  heat,  but  does  .not  melt;  it 
boms  with  flame,  and  leaves  a  bulky  coal. 
Hot  water  slighdy  dissolves  it.  Acetic  acid  is 
the  only  acid  that  dissolves  it  in  great  quan- 
(ity.  If  an  earthy  or  metallic  salt  be  mixed 
with  the  alcohdic  solution,  and  then  alkali  or 
alkaline  subcarbonate  be  added,  the  oxide  or 
earth  is  thrown  down  in  combination  with 
much  of  the  green  substance,  forming  a  lake. 
These  lakes  appear  moderately  permanent 
when  exposed  to  the  air.  It  is  supposed  to  be 
a  peculiar  proximate  principle. 

The  above  learned  term  should  be  spelled 
with  a  y,  chlorophyle,  to  sigpify  the  green  of 
lo^  or  leaf-green :  chloroplule,  with  an  t,  has 
a  different  etymology,  and  a  difietent  meaning. 
It  signifies /W  of  green. 

CHOLBSTERINB.  The  name  given  by 
M-  Chevreul  to  the  pearly  substance  of  human 
biliary  calculi.  It  consisto  of  72  carbon,  &66 
oxygen,  and  21.33  hydrogen,  by  Berard. 

M.  Chevreul  has  lately  extracted  cholcste- 
rine  from  human  bQe.  The  bile,  after  being 
diluted,  filtered,  and  concentrated,  was  preci- 
pitated by  alcohol ;  the  alcoholic  extract  was 
acted  upon  by  ether,  and  the  latter  solution 
left  to  cmtallize  spontaneously ;  a  substance 
marated,  which,  when  purified,  was  neither 
add  nor  alkaline  to  vegetable  colours,  which 
like  cholcsterine  crystallised,  either  when 
fused  and  cooled,  or  when  dissolved  in  alcohol 
or  ether.  It  required  about  212°  for  its  fusion, 
was  not  saponified  b)r  being  boiled  for  24 
hours  in  solution  of  potash ;  in  contact  with 
sulphuric  acid,  it  instantly  became  of  an  orange- 
red  colour,  and  witii  nitric  acid  comported  iu 


self  like  cholesterine.  The  same  substancf 
was  also  obtained  by  him  from  the  bik  of  x 
bear  and  a  pig. 

CHOLBiSTERIC  ACID.  See  Acid 
(Cholestebic). 

CHROMIUM.  Thk  metal  may  be  ex- 
tracted either  fnm  the  native  dnomaie  of  lead 
or  of  iron.  The  latter  behig  cheapest  and  most 
abundant,  is  usually  employed. 

The  brown  chromite  of  mm  is  not  seted 
upon  by  nitric  add,  but  moat  readOy  by  mtnta 
of  potash,  with  die  aid  of  a  red  heiu.  A  cfam- 
mate  of  potash,  soluble  in  water,  is  thus  fomied. 
The  iron  oxide  thrown  outof  oombinatian  may 
be  removed  from  the  residual  part  of  the  ore 
by  a  abort  digestion  in  dilute  muriatic  add. 
A  second  fusion  with  \  of  nitre,  wiU  give  rise 
to  a  new  portion  of  cfaromate  of  potadli.  Hav. 
ing  dccomixned  tlie  whole  of  the  ore,  we  sa- 
turate the  alkaline  excess  with  nitric  acid,  era. 
poiaie  and  crystallise.  The  pure  crynal», 
dissolved  in  water,  are  to  be  added  to  a  sdn. 
tionofneutral  nitrate  of  memiry;  whence,  by 
complex  affinity,  red  chromate  of  mcrrnry 
predpitates.  Moderate  ignition  expds  the 
mercury  from  the  chromate,  and  the  rcmaininf^ 
chromic  acid  may  be  reduced  to  the  metallic 
state,  by  being  exposed  in  contact  of  the  char- 
coal  from  sugar,  to  a  vblent  heat. 

Chromium  thus  procured  is  a  porous  ms» 
of  agglutinated  grains.  It  is  very  brittle,  and 
of  a  greyish,  white,  intennediate  between  tin  ami 
steeL  It  is  sometimes  obtained  in  needleform 
crystals,  which  cross  each  other  in  all  direc- 
tions. Its  sp.  gravity  is  .5.9.  It  is  suscrptibl  * 
of  a  feeble  magnetism.  It  resists  all  the  adds 
except  nitromuriatic,  which,  at  a  boiling  heat, 
oxidizes  it  and  forms  a  muriate.  M.  l&nard 
describes  only  one  oxide  of  cfarominm ;  but 
there  are  probobly  two,  besides  the  add  already 
described. 

I.  The  protoxide  is  gieeo,  mfusible,  indc 
composable  by  heat,  ledudbk  by  voltaic  dec- 
tricity,  and  not  acted  on  by  oxygen  or  air. 
When  heated  to  dull  redness  with  the  lialf  of 
its  weight  of  potassium  or  so^um,  it  forms  a 
brown  matter,  which,  cooled  and  exposed  to 
the  air,  bums  with  flame,  and  is  transformed 
into  chromate  of  potash  or  soda,  of  a  canary- 
yellow  colour.  It  is  this  oxide  which  is  ob. 
tained  by  calcining  the  chromate  of  mcrrury 
in  a  amaU  earthen  retort  for  about }  of  an  hour. 
The  beak  of  tlie  retort  is  to  be  surrounded  with 
a  tube  of  wet  linen,  and  plunged  into  water,  to 
fadHtite  the  condensation  of  the  mercury 
The  oxide,  newly  precipitated  from  acids,  has 
a  dark  green  colour,  ana  is  easily  rcdiasolved ; 
but  exposure  to  a  dull  red  heat  ignites  it,  and 
renders  it  denser,  insoluble,  and  of  a  light 
green  ctJour.  This  change  arises  solely  from 
the  doscr  aggregation  of  the  partides,  for  the 
wdght  is  not  altered. 

2.  The  dcutoxide  is  procured  by  exposing 
the  protonitraic  lo  heat,  till  the  fumes  of  ni. 
tious  gas  cca^e  to  issue.    A  brilliant  brown 
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povte,  iMDlulile  in  adds,  and  scaioely  lolu. 
Ue  in  alkalis  lenuuns.  Muriatic  acid  digested 
00  it  eihales  chlorine,  showing  the  increased 
fmportkm  of  oxygen  in  this  oxide. 

a.  The  tiitoxide  baa  been  already  described 

among  the  adds.  It  may  be  directly  procured, 

by  adlduig  nitnte  of  lead  to  the  above  oitro- 

(hnnnae  of  potash,  and  digesting  the  beautiful 

aranga  pcedpitate  of  cbroBate  ci  lead  with 

Bodotrntely  sticng  muriatic  add,  till  its  power 

if  action  be  exhansted.    The  fluid  produced 

ii  to  be  passed  throng  a  filter,  and  a  little 

adde  of  silver  vety  ^Bdna%  sdded,  till  the 

vfaoie  aolution  faeeomes  of  a  deep  ttd  tint. 

This  liqaor,  by  sloir  evaporation,  depoaits 

anall  mby-nd  oystaia,  which  are  the  hy- 

dnted  chromie  acid.  The  prime  equivalent  of 

dmmle  add  dedueed  from  the  dnomates  oi 

buytaB  and  lead  by  Benelins,  is  6.644,  if  we 

mppoaa  tbem  to  be  nemral  sdts.    According 

to  this  dianiat,  the  add  contains  double  the 

cxjjgfm  tiiflt  the  green  oxide  does.    But  if 

Ifaoo  rhrsiiialrs  be  regarded  aa  subsalta,  then 

die  add  prime  would  be  13.088,  oondsting  of 

0  oacyfn  -|-  7'088  metal ;  while  the  protoxide 

wmM  eoodst  of  8  oxygen  +7-088  metal; 

and  tiie^euloKide  of  ail  iatermediate  propor- 

dOB. 

H.  Unverdoiben  statea  that  if  dunomate  of 
lead  be  4iatfflod  widi  common  salt,  and  anhy. 
diona  anlphnric  arid,  aaddiah  gas  is  obtained, 
'  '  r  «f  dnominm  comfained  with  chlo- 
r  ooaiferta  it  into  chromic  and 
is.  By  passing  tiie  above  gaa 
_  I  a  oddtnbe,  tfas  chloode of  chromium 
is  m^Ktr  eandwiaed,  while  Ihe  chlorine  and 


eroked  along  witk  it  pass  off. 
The  Ji^iid  oUonde  is  of  a  fine  blood  red  oo- 
laaE,iioMier  than  water,  voy  voladla,  fuming 
in  the  abr,  apd  dies  of  a  colour  analogous  to 
that  of  ntHons  add  when  in  -aapour.  It  m- 
pid^  attacks  menauy,  acta  on  sulphur  with 
aioch  cnogy,  and  a  hissing  noise ;  it  deto- 
laieB  with  pfaoBphdraa,  oven  when  tfaepaikiclea 
•f  eneh  do  not  exceed  the  dao  of  a  pin*^  head. 
Attfm  t^  Science^  JXiL  311. 

OHinrsOBERYIi.  CymiytikaacofHany. 
TUa  qdaoBl  la  naaifly  got  in  sound  pieces 
•boot  tho  aiae  of  a  pea,  but -it  is  fonnd  ciya. 
in  eight-sided  priaas,  teminated  by 
'a.  Colour,  asparagns  green; 
i;  fracture,  conchoidal;  it  ia 
briittle,  but  scraftdiea 
K  and  bciyL  Sp.  g&  3*78.  It  is  infu- 
dUe  bfliDCO  the  blowpipa  It  has  double  xe- 
»  somI  becomes  electric  by  friction.  Its 
» fbim  is  a  rectangular  pardldopiped. 
liciianta,  aooording  to  Klansoth,  are 
71  ^'— «<'*^  18  dlica,  6  lime,  1^  oxide  of 


Tho  snmnita  of  the  prisms  of  cbrysoberyl 
-"         10  cntmto  fiuettes  that  the 


with  the  chrysoberyl  of  Fliny,  which  was  pro- 
bably a  variety  of  beryl  of  a  greenish-yeDow 
colour. 

CHBY80C0LLA.  The  Greek  name  for 
borax. 

CHRYSOLITE.  Peridot  oifLz^^y,  To- 
paz of  the  aodeots,  while  our  topaz  is  iheir 
dirysolite.  Chrysolite  is  the  least  hard  of  all 
the  gems.  It  is  scratched  by  quartz  and  the 
file.  Its  crystals  are  wfell  formed  compressed 
prisms,  of  eight  sides  at  least,  terminated  by 
a  wedged  form  or  pyramidal  summit,  trun- 
cated at  the  apex.  Its  primitive  form  is  a 
right  prism,  with  a  rectangular  base.  It  has 
a  strong  double  refraction,  which  u  observed 
in  looking  across  one  of  the  large  sides  of  the 
summit  and  the  opponte  face  of  the  prism. 
The  lateral  planea  are  longitudinally  streaked. 
The  coionr  is  pistadiio  green,  and  other  shades. 
Extenal  lustne  sfdendent  Transparent;  tnc* 
ture,  conchoidal.  Scratches  fdspar.  Brittle. 
Sp.  gr.  3.4.  With  boorax,  it  fuses  into  a  pale 
green  glass.  Its  constituents  are  39  siliea, 
43-6  magneaia,  19  of  oxide  of  iron,  aooording 
to  Kla{m>th;  but  VauqueUn  found  38,  5d.G, 
and  9.1.  •  Chrywlite  comea  from  Egjrpt,  where 
it  is  Ibnnd  in  alluvial  strata.  It  hM  also  been 
found  in  Bohemia,  and  hi  the  Ciideof  Bun- 


CHRY60PRASE.  A  variety  of  laloa. 
dony.  It  is  dther  of  an  apple  or  ledL-green 
colour.  Its  fracture  is  even,  waxy,  sometimes 
a  littls  splintery.  Translucent,  with  scarcdy 
any  lustre.  Softer  tiian  calcedony,  and  rather 
tough.  Sp.  gr.  2.6.  A  stroug  heat  whitens 
iL  It  consists  of  98.16  silica,  0.08  alumina, 
9.83  Ume,  0.08  oxide  of  iron,  and  1  oxide  of 
nicfcd,  to  which  it  probably  owes  its  colour. 
It  has  been  fiiond  hitherto  only  at  Kosemiirs 
ia  U|qper  SUcda.  The  mountains  whidi  en- 
dose  it  are  composed  chiefly  of  serpentine, 
potstone,  talc,  aod  other  uoctuooa  rocks  that 
almost  all  contain  magnesia.  It  is  found  in 
veins  or  interrupted  beds  in  the  midst  of  a 
green  earth  whidi  contains  nickd.     It  is  used 


1  jewellery. 
CHUSFTi 


(faces.  It  is  found  at  Brazil, 
Ceylon, 'Gosmecticat,  and  peihapa  Nertschink 
in  fiiboia.    This  odaeral  has  nothia9.to  do 


CHUSITE.  A  mineral  found  by  Saussure 
in  the  cavities  of  porphyries  in  the  environs  of 
Idmbourg.  It  is  ydlowiah  or  greenish  and 
ttwnalncent;  its  fracture  is  sometimes  perfeetiy 
smooth,  and  iu  lustre  greasy ;  at  other,  times 
it  is  granular.  It  is  very  brittle^  It  mdts 
easily  into  a  tranducid  enamd,  endosing  air 
bubbles.  It  dissolves  entirdy,  and  without 
cfiepresoencr,  in  adds. 

CHYAZIC.  See  Acid  (Ferbopbus- 
sxc). 

CHYLE.  By  the  digestive  prooess  in  the 
stomach  of  animala,  the  food  is  converted  into 
a  milky  fluid?  called  Mymr,  which  passing 
into  the  bitestine,  is  mixed  with  pancreatic 
juice  and  bilei,  and  thereafter  resolved  into 
chyle  and  feculent  matter.  The  fonner  is  taken 
up  by  the  lacted  absoriieDt  vessds  of  theintea- 
tinosy  which  oourdag  along  the  mesenteric 
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web,  terminate  in  the  tlioracic  duct.  Thii 
finally  empties  its  contenu  into  the  vena 
cava. 

Chyle  taken  soon  after  the  death  of  an 
animal,  from  the  thoracic  duct,  resembles 
milk  in  appearance.  It  has  no  smell,  but  a 
slightly  addo-saocharine  taste;  yet  it  blues 
reddened  litmus  paper  by  its  unsaturated  alkali. 
Soon  after  it  is  drawn  from  the  duct,  it  sepa- 
rates by  coagulation  into  a  thicker  and  thinner 
matter.  1.  The  former,  or  curd,  seems  inter- 
mediate between  albumen  and  fibrin.  Potash 
and  soda  dissolve  it  with  a  slight  exhalation  of 
ammonia.  Water  of  ammonia  forms  with  it 
a  reddish  solution.  Dilute  sulphuric  acid  dis- 
solves the  coa/BCulum ;  and  very  weak  nitri6 
acid  changes  it  into  adipocere.  By  heat,  it  is 
converted  into  a  charcoal  of  difficult  incinera- 
tion, which  contains  conunon  salt  and  phos- 
phate of  lime,  with  minute  traces  of  iron. 
2.  From  the  serous  portion,  heat,  alcohol,  and 
acids,  precipitate  a  copious  coagulum  of  albu- 
men.  If  the  alcohol  be  hot,  a  little  matter  ana- 
logous to  the  substance  of  brain  is  subsequent, 
ly  deposited.  By  evaporation  and  cooling, 
Mr.  Brande  obtained  crystals  analogous  to  the 
sugar  of  milk.  Dr.  Maroet  found  the  chyle  of 
graminivorous  animals  thinner  and  darker,  snd 
less  charged  with  albumen,  than  that  of  cami- 
vorous.  In  the  former,  the  weight  of  the  fluid 
part  to  that  of  the  coagulum  was  nearly  2  to  1 ; 
but  a  serous  matter  afterwards  oozed  out, 
which  reduced  the  dot  to  a  very  small  volume* 

CHYME.  Dr.  Marcet  examined  chyme 
from  the  stomach  of  a  turkey.  It  wss  a  ho- 
mogeneous,  brownish  opaque  pulp,  having  the 
tmdl  peoiiliar  to  poultcy.  It  was  neither  add 
nor  alkaline,  and  left  one-fifUi  of  solid  matter 
by  evaporation.  It  contained  albumen.  From 
the  incineration  of  1000  pjarts,  12  parts  of 
diarcoal  resulted,  in  which  iron,  lime,  and  an 
alkaline   muriate  were    distinguished.     8ee 

I>IGB8TION. 

CIMOLITE,  or  Cimoliam  Earth. 
The  cimolia  of  Pliny,  which  was  used  both 
medidnally  and  for  cleaning  cloths  by  the 
andents,  and  which  has  been  confounded  wi^ 
fullers*  earth  and  tobacco-pipe  clay,  has  lately 
been  brought  from  Aigentiera,  the  andent 
Cimolus,  by  Mr.  Hawkms,  and  examined  by 
Klaproth. 

It  is  of  a  light  greyish- white  colour,  ac- 
quiring superficially  a  reddish  tint  by  exposure 
to  the  air;  massive;  of  an  earthy,  uneven, 
more  or  less  slaty  fracture;  opaque;  when 
shaved  with  a  knife,  smooth  and  of  a  greasy 
lustre ;  tenadous,  so  as  not  without  difficulty 
to  be  powdered  or  broken ;  and  adhering  pretty 
firmly  to  the  tongue.  Its  spedfic  gravity  ia  2. 
It  is  immediately  penetrated  by  water,  and 
devv>lopifs  itself  into  thin  laminae  of  a  curved 
slaty  form.  Triturated  with  water  it  fonns  a 
pappy  mass ;  and  100  grainy  will  give  thne 


ounces  of  water  the  appearance  and  consistence 
saoL    If  left  to 


thus  ground,  it  detadies  itadf  in  haid  bands, 
somewhat  flexible,  and  still  mote  difficult  la 
pulverize  than  before. 

It  appeared  on  analysis  to  consist  of  sileK 
63,  alumina  23,  oxide  of  iron  1.25,  water  12. 
Ground  with  water,  and  applied  to  silk  and 
wooUen,  greased  with  oil  of  almoda,  die  oil 
was  completely  disdiarged  by  a  alight  wvhing 
in  water,  after  the  stu&  had  been  hung  up  a 
day  to  dry,  without  the  least  injury  to  the 
beauty  of  the  colour.  Mr.  Klaporoth  enuiiden 
it  as  superior  to  our  best  fiillen*  earthy  and 
attributes  its  properties  to  the  nunntely  divided 
state  of  the  silex,  and  its  intimate  cvnilMna- 
tion  with  the  alumina.  It  is  itiQ  ond  by  the 
natives  of  Argentiea  fin  the  same  pupoaea  aa 
of  old. 

According  to  Olivier  the  ishoid  of  Avgen- 
tiera  is  entnely  volcanic,  and  the  Chndian 
earth  is  produced  by  a  slow  and  gradnal  de- 
composition of  the  porphyries,  oeeaaioned  by 
subterranean  fires.  He  adda,  that  he  ootteded 
specimens  of  it  in  all  the  states  thion^  wUch 
it  passes. 

CINCHONA.  The  quinquina  snd  kkia 
of  the  Frendi,  is  the  bsrk  of  several  specses  ef 
cinchona,  which  grow  in  South  America  Of 
this  bark  thero  are  three  vazietiea,  the  red,  the 
ydlow,  and  the  pale. 

I.  The  red  is  in  large,  easily  pulverised 
pieces,  which  ftiraish  a  reddish-brown  powder, 
having  a  bitter  astringent  taste.  The  waieiy 
infusion  reddens  veg^aUe  bluea,  fiom  aome 
free  dtric  add.  It  contains  also  muriatea  of 
ammonia  and  lime.  The  hark  eontajna  ex- 
tractive, lesin,  bitter  prindplfe,  and  tsmun. 
2.  The  ^Ikm  Pemviam  baric  waa  firat 
brought  to  this  country  about  the  year  1790  ; 
and  it  resembles  pretty  dosdy  in  compositioa 
the  red  spedes,  only  it  yields  a  good  deal  of 
kinate  of  lime  in  plates.  3.  ThepaleciocfaoiiA 
is  that  generally  empli^  in  medical  pcacdoes, 
as  a  tonic  and  febrifuge.  M.  Vauqudin  nuide 
infusions  of  all  the  varieties  of  dnrhona  he 
could  procure,  using  the  same  quatrititim  of 
the  barks  and  water,  and  leaving  ihe  powders 
infused  for  the  same  time.  He  obaenred, 
1.  That  certain  infiiaiona  wete  precipitated 
abundantly  by  infusion  of  galls,  by  solutioa  of 
glue,  and  tartar  emetic.  2.  That  aome  were 
precipiuted  by  ^ue,  but  not  by  die  two  other 
re-agents ;  and  3.  That  others  were,  on  the 
contrary,  by  nutgaUs  and  tartar  emetic,  with, 
out  being  affected  by  glue.  4.  And  that  there 
were  some  which  yidded  bo  precipitate  bj 
nutoalls,  tannin,  or  emetic  tartar.  The 
dnoionas  that  fturnished  the  first  infusion  were 
of  excellent  quality ;  those  that  aflbided  tba 
fourth  were  not  febrifuge;  while  those  that 
gave  the  second  and  third  were  fidvifuge,  but 
in  a  snudler  degree  than  the  fint.  Beaidce 
roudlage,  kinale  of  lime,  and  woody  fibre,  he 
obtained  in  his  analyses  a  reriuoua  i 


pf  a  thickish  cream. 


which  appears  not  to  be  identic  in  all  the  spe- 
d«y  af^  being    cies  of  bark.    It  is  rtry  bitter;  very  sohible 
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ia  iloohol,  in  adds,  and  alkalis ;  acaitely  ao- 
lubie  in  oald  water,  but  more  soluble  in  hot 
It  is  this  body  which  gives  to  infusions  of 
dnchona  lbs  property  of  yielding  precipitates 
by  emetic  tartar,  galls,  gdatin  $  and  in  it,  the 
iebriiuge  virtue  aeenos  to  reside,  it  is  this 
sabatance  in  part  which  falls  down  on  cooling 
deooctMQs  of  dnchona,  and  irom  conoenliated 
infusions.  A  table  of  precipitations  by  glue, 
tannin,  and  tartar  emetic,  firom  infusions  of 
UBfettat  barics,  has  been  given  by  M.  Vau- 
^dUn;  bat  as  the  particular  spedes  are  diffi. 
cult  to  define,  we  shall  not  copy  it. 

Analysis  of  the  cinchona  condamincea  (grey 
bark)  by  MAI.  Pelleder  and  Caventou.  They 
found  it  compaaed  of,  L  cinchonina,  united 
to  kinic  add;  2.  green  fatty  matter;  3.  red 
ooiooring  matter,  dUgfatly  soluble ;  4.  tannin ; 
ft.  yeilow  eDlonring  matter;  6,  kinate  of 
linoe ;  7.  gam ;  &  starch ;  9.  lignine. 

CINCHONINA.  A  salifiable  base,  or 
▼egetable  aUodi,  discovered  in  cinchona  con. 
damfiHTH,  by  MM.  Pdletier  and  Caventou. 
The  poraon,  however,  who  first  recognized  its 
CTJa^fnce,  thoo^^  he  did  not  asceruin  its 
alknlme  nature,  or  study  its  combinations  with 
acids,  wasM.  Gomis  erf  Lisbon. 

Mr.  Brande  prescribes  the  following  process 
for  separating  cinchonina  finom  Peruvian  bark, 
(eimckoma  lancijbiia).  A  pound  of  bruised 
bark  ia  boikd  in  about  a  gallon  of  water,  to 
which  three  flnid  drachms  of  sulphuric  acid 
have  been  previously  added.  A  similar  de- 
coction ia  repeated  with  about  half  the  quantity 
of  Hqnid,  and  so  on  till  all  the  soluble  matter 
ia  cztiacted.  The  decoctions  are  then  mixed 
together,  and  strained ;  and  powdered  slaked 
lime  ia  added  in  a  proportion,  somewhat 
gceatffthan  necessary  to  saturate  the  add; 
te  piedpitate  that  ensues  (a  mixture  of 
tJnriwnina  and  sulphate  of  lime)  is  collected, 
dried,  and  boiled  for  some  minutes  in  strong 
aleoiiol,  whidi  is  then  decanted  off  while  tiiU 
te,  and  fteah  portions  sucosssivdy  added  for 
die  repetition  of  the  same  operation,  until  it 
eaaes  to  act  on  the  residuum,  which  is  then 
Body  aulphateof  lime.  The  different  alcoholic 
ttbitiooa  are  then  put  into  a  retort  or  still, 
ndoonaiderably  evaporated,  during  which,  and 
opecially  on  oooUngt  adcolar  crystals  of 
dadionlna  are  deposited.  When  the  whole  is 
diBs  eoUected,  the  crystals,  if  yellow  or  dis- 
coionted,  must  be  again  disM)lved  in  boiling 
aleohoL,  and  thus,  hj  le-crystallization,  Uiey 
will  be  obtained  eohmrless.  Manual  of  Phar' 
•MKy,  p.  61. 

The  foOowiog  mooess  for  extracting  dn. 
cfaonina  ia  that  or  M.  Henry  fils,  which  the 
above  Frcbdi  dicnnsta  approve  of.  A  kilo- 
gTMiiUff  of  bark  reduced  into  a  pretty  fine 
powdff  ia  to  be  acted  on  twice  with  heat,  by 
a  dilBte  aolpharic  add,  oonsistiag  of  60  or  60 
gammea,  mlated  with  8  kilogrammes  of  water 
Ar  each  time.  The  filtered  decoctions  are  very 


bitter,  have  a  reddish  colour,  which  assumes 
on  cooling  a  yellowish  tint.  To  discoloui 
(blanch)  these  liquors,  and  satunte  the  acid, 
dther  pulverized  quicklime  or  magnesia  may 
be  employed.  The  liquors,  entirely  deprived 
of  colour,  are  to  be  passed  through  a  doth, 
and  the  predpitate  which  forms  is  to  be  washed 
with  a  smaU  quantity,  of  water,  to  separate  the 
excess  of  lime  (if  this  earth  has  been  used). 
The  deposit  on  the  doth,  well  drained  and 
almost  completely  deprived  of  moisture  for  12 
hours,  after  having  been  put  three  successive 
times  to  digest  in  alcohol  of  36°  (0-837),  will 
furnish,  by  distilling  of  the  liquid  alcohol,  a 
brown  visdd  matter,  becoming  brittle  on 
cooling.  It  is  to  be  acted  on  with  water 
sharpened  with  sulphuric  add,  and  the  re- 
frigerated liquor  will  afford  about  30  grammes 
of  white  crystals,  entirely  soluble  in  alcohol, 
scarcely  soluble  in  cold  water,  but  more  in 
boiling  water,  particularly  if  this  be  slightly 
acidulated.  They  consist  of  pure  sulphate  of 
dndionina.  Thw  ought  to  be  brilliant,  crys- 
tallized in  paralleiopideds,  very  hard,  and  of 
a  glassy  white.  It  should  bum,  without  leaving 
any  residuum.  Other  processes  have  been 
given,  of  which  a  full  account  will  be  found 
in  the  12th  volume  of  the  Journal  of  Sdence, 
p.  325.  From  a  solution  of  the  above  salt, 
the  dnchonina  may  be  easily  obtained  by  the 
addition  of  any  alkalL  The  cinchonina  falls 
down,  and  may  be  afterwards  dissolved  in 
alcohol,  and  crystallized  by  evaporation.  Its 
form  is  a  rhomboidal  prism,  of  108«  and  72®, 
termfnated  by  a  bevelment.  It  has  but  little 
taste,  requuring  7000  parts  of  water  for  its 
solution ;  but  when  dissolved  in  alcohol,  or 
an  add,  it  has  the  bitter  taste  of  bark.  When 
heated,  it -does  not  fuse  before  decomposition. 
According  to  Mr.  Biande,  dnchonina  con- 
sists of 

Carbon  80-20 

Azote  •       12-86 

Hydrogen     •  685 

09-90 
By  another  experiment,  he  found  its  consti. 
tuents  to  be 

Carbon  7«*4 

Azote  146 

Hydrogen    •  7*S 

100-5 
He  could  detect  no  trace  of  oxygen  in  it. 
Journal  of  Science^  xvi.  282. 

MM.  Dumas  and  Pdletier,  in  an  elaborate 
memoir  on  the  ultimate  atudysis  of  vegeta- 
bles, represent  dnchonhia  as  consisting  of 
Carbon  •      70-97 

Azote  902 

Hydrogen    -  622 

Oxygen  7-97 

10018 
y2 
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li  diawlvtt  fat  oidy  fery  mall  qiiantitiei  in 
the  oils,  and  in  mlphiiric  ether. 

Tlie  sulphate  is  compoaed  of  dnchonma,  100 

Sulphuric  acid,   13 

whenee  the  prime  equivalent  would  appear  to 

be  38*5.    The  muriate  is  moce  soluble.    It 

consists  of 

Ctnchonfna  •     100 

Muriatic  acid    •  7-9 

The  nitrate  is  uncryttallizable.  CWlic,oxaKc, 
and  tartaric  acids,  form  neutral  nits  with 
dnchonina,  which  are  soluble  only  with  ex- 
cess of  acid.  Hence  inftision  of  nut-galls 
gives,  with  a  decoction  at  good  cinchona, 
an  abundant  piecipitate  of  gsOate  of  dn- 
chonina. 

M.  Baup  states  the  composition  of  cryt- 
talltaed  neutral  sulphate  of  dnchonina  to  be 


1  atom  dnchonina 
1  ^-^  sulphuric  add 
2 water 


30  84^24 
5  10-011 
8.25     4-805 

^46.25  100-000 

Bapersulphate  of  dndionina,  he  taya,  contains 
3  atoms  of  add,  and  9  of  ivater.  Hie  latter 
appears  in  imperfect  rhomboidal  octohedia ; 
the  fbrmer  in  rhomboidal  prisms.  Ann.  de 
Chim.  et  de  Phyt.  xxvii.  S2S. 

M.  Robiquet  gives  as  the  oompodtion  of 
a  Bobsulphate  of  dnchonina  of  the  first  crys- 
tallization, 

Sulphuric  add  •    U*3 

Cinchonina  •    79-0 

The  alkaline  base  found  in  yellow  barks  is 
called  QbiNiKA.  It  is  extracted  m  exactly 
the  same  way.  Red  bark  oontaina  a  mixture 
of  these  two  alkalis.  The  febrifuge  virtue  of 
the  sulphates  is  oonddered  to  be  very  great. 
See  QuiNiNA. 

CINNABAR.  An  ore  of  mercury,  con- 
sisting of  that  metal  united  with  sulphur. 

CINNAMON  STONE.  The  colours  of 
this  rare  mineral  are  bkrad-red,  and  hyadnth- 
rcd,  passing  into  orange-yellow.  It  is  found 
always  in  roundish  pieces ;  lustre  splendent ; 
fracture  imperfect  oonchoidal ;  haffoaau  an- 
gular;  trannparent  and  semi-tianspaiait ; 
scratches  quartz  with  diOiculQr;  somewhat 
brittle ;  sp.  gr.  3*63 ;  fuses  into  a  brownish- 
black  enamd.  Its  constituents  are  38>8  silica, 
21-2  alumina,  31-25  lime,  and  6-5  oxide  of 
iron.  It  is  £ound  in  the  sand  of  rivers  hi 
Ceylon. 

CIPOLIN.  The  Cipdin  from  Rome  is  a 
green  marble  with  white  zones  $  it  gives  fire 
with  steel,  though  difficultly.  One  hundred 
parts  of  it  contain  67-8  of  carbonate  of  lime; 
25  of  quartz;  8  ofschistus;  0*2  of  iron,  be- 
side the  iron  contained  in  the  sdiistus.  The 
dpolin  from  Autuc,  83  parts  carbonate  of 
lime,  12  of  green  mica,  and  one  of  iron. 

CISTIC  OXIDE.     A   peculiar    animal 


product,  diaooveied  by  Dr.  WbOaMB.  It 
constitutes  a  variety  or  uiiDMy  CAi.ciri.vt, 
which  see. 

CITRIC  ACID.  AddofliBHS.  It  faaa 
been  found  nearly  unanixed,  with  odMr  adds, 
not  only  in  lemons,  orsnges,  sad  limes,  bvt 
also  in  the  berxiea  of  vaecinitim  oxyescoos^  or 
cranberry,  vaecinUm  vUit  Um,  or  nd- 
whortlebcny,  of  birddienry,  aightsfaflfe,  Up, 
in  unripe  grapes  and  tanarinda.  Oooadbaries^ 
cuiranta,  bilberries,  beambeniea,  dBfica, 
sicawberriea,  doudbsB^ea,  and  napibcnfaB, 
contain  dtric  acid  mixed  witli  an  eaonl  qus». 
tity  of  mallic  add.  The  onifln  yidds  dbate 
of  lime.    See  Acix>  (Cit&ic). 

CITRATES.  Salto  fonnad  by  CiTixc 
Acid,  wMdisee. 

CIVET  is  odOcctca  betwixt  tht  avoa  mi 
the  oigans  of  generation  of  a  fieroq  canwsaRMB 
quadruped  met  with  in  China  and  the  EsM 
okL  West  Indies,  called  a  dvet-ci^  butbesi^ 
ing  a  greater  roMmhlaBoe  to  a  IbK  or  aailtt 
thanacat. 

Several  of  these  anhnab  ham  bMB  bnogk 
faMo  HoUaai,  and  sAbrd  a  coBsiderablr  fanack 
of  oomneroe,  particolsBiy at  AjiHteiaasn.  iiii 
dvet  is  squeeied  out.  In  snmmer  ettiy  sdMi 
day,  in  winter  twice  a-woek:  tbe  quantity 
procured  at  once  ia  from  two  aeroalei  lo  a 
diachm  or  man,  The  juice  tlins  ccaleeiri  ii 
much  purer  and  finer  than  that  wfakb  As 
animal  sheds  against  sfantba  or  sConsa  in  tls 
native  dimalra. 

Good  dvet  is  of  adesr  viOowidiorhrownldl 
oolous,  not  ihiid,  nor  hard,  but  about  dn  eon* 
sistence  of  butler  or  honey,  aad  vniftm 
throughout;  of  a  vciy  atvoiig  anadl)  qnlls 
offendve  when  undiliilra ;  but  agreaablc  wbaa 
only  a  small  portion  of  dvet  is  nii«d  with  • 
larae  one  of  other  sobatances. 

Civet  unites  with  oils,  bat  not  «tt  aleolidlL 
Its  nature  is  therefore  not  rednons. 

H.  BonUon-Chariard  states,  tbat  fai  so  i». 
exceptionaUv  good  dfe^seBi-ilnid,  nnctBcca» 
and  yellow,  be  fbond  ftee  amnoasa,  wuntaiss 
daiae,  mucus,  rssin,  vobdle  dl«  ydttow  w* 
louring  snhstaiioe.  and  salta.  Ha  baudc  naii 
could  be  detected  in  it.  J^unLd€  FkonmOt 
for  1824  p.  £37. 

CLARIFICATION  UtbepMeetoarOne* 
ing  a  fluid  frombeterogsnaoas  mattar  orlban- 
lendes,  though  the  term  is  addoa  ap|riied  la 
the  mere  mediaoical  pmoesa  of  aiaabyni^  far 
which  see  Filteatioh^. 

Albumen,  selatina,  adds,  oevCain  salts,  lima) 
blood,  and  alcohol,  in  many  caaas  serve  to 
clarify  fluids  that  cannot  be  hmA  from  their 
impuritiea  by  airaple  percolation. 

Albumen  or  gd^tine,  dlasdlvsA  in  a  sdmB 
portion  of  watery  is  oommonly  used  fbr  flnbf 
vinous  liquors,  as  it  inviaeatas  ifae  fbdAnt 
matter,  and  giadnaHy  subsides  widi  h  to  Aa 
bottom.  Albumen  is  nartieolaily  naad  te 
fluids^  with  which  it  will  oambine  frfisn  «ald> 
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■  ;  II  befett  wngalaled  W  fhe  ImM,  «i4 
Iks  lidiig  in  a  Kum  vi^  the  dregs. 

HMt  alqpe  dartfia  tmmt  fluids,  ts  the 
jwicii  ef  plants,  in  vl^b  liowever  the  dim- 
BMi  they  eontaxn  Is  probably  the  agent. 

A  eouple  of  handnils  of  marie,  uaown  into 
te  MOV,  win  dariff  cyder,  er  water^der. 
cLaY  (FURS).  SeeALVKiNA. 
CitAY.  Tke  days  beHng  opaqne  and  non- 
cryvtaBlied  bodies,  of  dodl  nacture,  affcnd  no 
geod  prindple  Av  detenniDiiig  their  spedes ; 
yet  as  ^ej  ave  eKfieo&Tely  distributed  in 
oatvua,  and  aie  used  in  many  arts,  they 
dfeaervepartlealar  attention.  The  sigOIaceous 
minerals  are  all  snffldently  kH  to  be  scratdied 
by  iMn;  they  have  a  anU  or  even  earthy 
Asctuve;  they  eilude,  when  breathed  on,  a 
pecoliar  smdl  called  aigfflaceous.  Thedays 
ftiRD  with  water  a  plastic  paste,  possesshig 
eonddeEaUe  temMity,  widch  hardens  with  heat, 
M  M  to  sliike  flie  with  steeL  Maries  and 
dudkB  also  loftan  in  water,  bvt  their  psste  is 
BOt  lenadous,  nor  does  it  acquire  a  suxoeons 
liardBcss  in  the  fiie.  The  affinity  of  tlie  clays 
Ifar  moistoie  is  manifested  by  thdr  stiddng  to 
«,  and  by  the  intense  lieat  necessary 
them  pcrfecdy  dry.  The  odour 
I  to  days  breathed  upon,  is  due  to  the 
I  of  faon  mAzed  with  ihem.  Absohitdy 
pao  ^ays  sKiH  no  saodl 

1.  BmMfefo  Mr<ft,  the  kaolin  of  the  Chi- 
mnoi     Tbio  mlnefal  is  llriable»  mfagrn  to  the 
tawhf  and,  when  pare,  fonas  with  dfflicnlty  a 
paste  Willi  water.    It  is  infusible  in  a  poree. 
fate  ftmubse.    It  is  of  a  pore  white,  verging 
sometimes  upon  the  yellow  or  flesh-red.  Some 
pnoeDC  psBrtides  of  mio,  whidi  betray  thdr 
«i^  to  be  fiou  Idspar  or  giaphic  granite. 
It  aeaicdy  adheres  to  the  tongue.    Sp.  gr. 
1.2.    It  fa  Ibund  in  primitive  mountains, 
mM  Mocks  of  granite,  forming  interposed 
itnrtn.    KaduM  are  sometimes  preceded  by 
beds  of  a  micaceous  rock  of  the  texture  of 
gDdaa»  but  red  and  very  friable.    Thfa  n. 
ynnrVftM*  dinxidtion  has  been  observed  in  the 
Kaolin  quanies  of  Oihia,  hi  those  ^  Alen9on, 
sad  of  Saint  Yriez  nesr  Limoges.    The  con- 
stituents of  kaoUn  sre  62  sifica,  47  almnma, 
0.33  oadde  of  iron ;  but  some  contain  a  nota- 
ble pioportioa  of  water  in  their  recent  state. 
The  Qlunese  and  Japanese  kaolins  are  whiter 
and  more  unctuous  to  the  touch  than  those  of 
Europe.     The  Saxon  has  a  slight  tint  of 
ydlow  or  carnation,  widch  disappears  in  the 
file,  and  therefore  fa  not  owhig  to  metallic 
fanpregnatkm.    At  Sdnt  Yriez  the  kaolin  fa 
in  a  stratum  and  also  in  a  vein,  amid  blocks 
of  granito,  or  rather  the  felspar  rock,  which 
the    Chinese   call   petuntse.     The  Comfah 
kaolin  fa  very  white  and  unctuous  to  the 
touch,  and  obvioudy  fa  formed  by  the  ^Hshi- 
tegratioo  of  the  fdspsr  of  granite. 

2.  PMsrs'  clojf,  or  pUutie  day.— The  days 
of  tfaU  variety  are  compact,    smooth,  and 
nnctHoas  to  the  loudi,  and  may  be 


polished  by  die  finger  when  they  are  dry. 
They  have  a  great  affinity  for  water,  form  a 
tenadous  paste,  and  adhere  strongly  to  the 
tongu&  The  paste  of  some  u  even  dightly 
transparent.  They  acquire  great  8o]idity.  but 
are  inftidbfa  in  the  poredain  furnace.  Thfa 
property  dfadnguishes  them  from  common 
days,  employed  for  coarse  esrthen- ware.  Some 
of  them  remain  white,  or  beoosae  so  in  a  high 
heat ;  others  tum  red.  Sp.  gr.  2.  The  slaty 
potters'  day  of  Werner  has  a  dark  ash-grey 
colour;  prindpd  fracture  impertecily  con- 
choidal,  cross  firacture  earthy ;  flragments  tabu- 
lar, rather  Bgfat,  and  feefa  more  greasy  than 
oommon  potters'  clay.  Vauqadin^s  andysfa 
of  the  plastic  day  of  Fosges-les-Eaux,  em- 
ployed  ibr  milking  ^ass-house  pots,  as  weU 
as  pottay,  gave  ll  domina,  63  silica,  1  lime, 
8  iron,  and  10  water.  Another  potters*  day 
gave  33.2  and  43^  of  dumina  and  silica, 
with  3.5  lime. 

3.  Loam, — Thfa  fa  an  impure  potters'  day 
mixed  with  mica  and  iron  ochre.  Colour 
yeBowish-greyj^  oftoi  spotted  yellow  and 
brown.  Massive,  with  a  dull  glimmering 
histio  firom  scales  of  mica.  Adheres  pretty 
strongly  to  the  tongue,  and  feefa  slightly 
greasy.  Its  dendty  fa  inferior  to  the  preceding. 

4.  VaHtgat0d  elap,^l9  striped  or  spotted 
with  white,  red,  or  yellow  colours.  Masdve, 
with  an  esrthy  fW^tuie,  vocging  on  daty. 
Shining  streak.  Very  soft,  sometiznes  even 
iriaUe.  Feefa  slightly  greasy,  and  adheres  a 
Httfa  to  the  tongue.  Sectifa.  It  fa  ftmnd  in 
Upper  liusatia. 

5.  Slate  day.— Cdour  gray,  or  greyish. 
yeDow.  Alsssive.  Dull  or  glimmering  lustre, 
ttotn  interspersed  mica.  Satf  fracture,  ap- 
proaddng  sometimes  to  earthy.  Fragmente 
tabular.  Opaque,  soft,  aectile,  and  essily 
brdcen.  8p.  gr.  2.6.  Adheres  to  the  tongue, 
and  breaks  down  in  water.  It  fa  found  along 
with  cosl,  and  in  the  floetz  trap  formation. 

6.  Ctayi^one* — ^Colour  grey,  of  various 
shades,  sometimes  red,  and  spotted  or  striped. 
Massive.  Dull  lustre,  with  a  fine  earthy  frac- 
tore,  pasnng  into  fine  grained  uneven,  slaty, 
arspbntery.  Opaque,  soft,  and  easily  broken. 
Does  not  adhere  to  the  tongue,  and  fa  meagre 
to  riie  touch.  It  has  been  found  sn  the  top 
of  the  Pentfand  hilfa  in  Scotland,  and  in 
Germany. 

7.  Adhetive  «fa<tf.  ^Colour  light  greenish. 
ffrey.  Intemd  lustre  dull ;  fVaeture  in  the 
h9^  daty;  in  the  small,  fine  earthy.  Frag- 
mente  slaty.  Opaque.  Shining  streak.  Sectile. 
EasSy  broken  or  exfohated.  Adheres  strongly 
to  the  tongue,  and  absorbs  water  rapidly  with 
the  emisdon  of  air  bubbles,  and  a  crackling 
sound.  It  is  found  at  Montmartre  near  Paris, 
between  bfacks  of  impure  gypsum,  in  farge 
straight  pfates  like  sbeete  of  pasteboard.  It 
fa  found  dso  at  Menihnontant,  endodng 
menilite.  Kfaproth's  andysfa  is  62.5  nlica, 
8  magncda,  0.5  dumina,  0.25  lime,  4  oxide 
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of  iron,  22  water,  and  0.75  duffoosL    Itesp. 
gr.  is  2.08. 

8.  PolUhing  nlaU  of  Werner.— Colour, 
cream>yellow,  in  alternate  stripes.  Massive. 
Lustre  dull.  Slaty  fracture.  Fragments  ta- 
bular. Very  soft,  and  adheres  to  the  tongue. 
Smooth,  but  meagre  to  the  touch.  Sp.  gr. 
in  its  dry  state  0.6 ;  when  imbued  with  mois- 
ture 1.9.  It  has  been  found  only  in  Bohemia. 
Its  constituents  are  79  silica,  1  alumina,  1 
lime,  4  oxide  of  iron,  and  14  water. 

9.  Common  clay  may  be  considered  to  be 
the  same  as  /Mm.— Besides  the  above,  we 
have  the  analysis  of  some  pure  clays,  the  re- 
sults of  which  show  a  very  minute  quantity  of 
silica,  and  a  large  quantity  of  sulphuric  acid. 
Thus,  in  one  analyzed  by  Bucholz,  there  was 
1  silica,  31  alumina,  0.5  lime,  0.5  oiide  of 
von,  21.5  sulphuric  acid,  45  water,  and  0.5 
loss.  Simon  found  19.35  sulphuric  acid  in 
100  parts.  We  must  regard  these  days  as 
subsulphatcs  of  alumina. 

CLAY^LATE.  Argillaceous  schistus, 
the  Argillite  of  Kirwan.  Colour,  bluish-grey, 
and  gieyish-black  of  various  snades.  Massive. 
Internal  lustre  shining  or  pearly.  Fracture 
foliated.  Fragments  tabular.  Streak,  green- 
ish-white. Opaqu&  Soft.  SLCtile.  Easily 
broken.  Sonorous,  when  struck  with  a  hard 
body.  Sp.  gr.  2.7*  Its  constituents  are  48.6 
silica,  23.5  alumina,  1.6  magnesia,  11.3  per- 
oxide of  iron,  0>5  oxide  of  manganese,  4.7 
potash,  0.3  carbon,  O.l  sulphur,  7-6  water 
and  volatile  matter.  Clay-slate  melts  easily 
by  the  blowpipe  into  a  shining  scoria.  This 
mineral  is  extensively  distributed,  forming  a 
part  of  both  primitive  and  transition  moun- 
tains. The  great  beds  of  it  are  often  cut 
acr6ss  by  thia  seams  oi'  quartz  or  carbonate  of 
lime,  which  divide  them  into  rhomboidal 
masses.  Good  slates  should  not  imbibe 
water.  If  they  do,  they  soon  decompose  by 
the  weather. 

CLAY  IBON-STONE.  See  Ores  or 
Ijion. 

CLEAVAGE  or  CRYSTAI^.  The 
mechanical  division  of  crystals,  by  showing 
the  direction  in  which  their  lamina  can  sepa- 
rate, enables  us  to  determine  tlie  mutual 
inclination  of  these  lamina:  Werner  called  it 
durchgang^  but  he  attended  only  to  the  num- 
ber of  directions  in  which  this  mechanical 
division  of  the  plates,  or  cleavage,  could  be 
effected.  In  the  interior  of  many  minerals, 
the  direction  of  the  cleavage  may  be  frequently 
seen,  without  using  any  mechanical  violence. 

CLEA  VLANDITE.  A  mineral  formerly 
ranked  among  felspars;  but  they  differ  in 
this,  that  the  13  or  14  per  cent  of  pota&h  in 
felspar,  is  replaced  by  about  10  per  cent  of 
soda  in  the  ckavlandite,  which  moreover  is 
not  so  hard  as  felspar.  Mr.  licvy  considers 
the  primitive  form  of  feUpar  to  be  an  oblique 
rhombic  prism;  and  that  of  deavlandite  a 
iloubly  oblique  prism.    Xbc  crystals  of  the 


latter  have  a  eertaiD  briUnncy  wludi  4om  not 

behmg  to  the  former.  The  localities  of 
deavUndite  are  very  numeroos;  bnt  the 
finest  crystals  come  Dom  the  Tyral  and  8l 
Gothard.  Hie  largest  from  Siberia,  where 
they  are  met  upon  the  same  specimeD  with 
large  crystals  of  reddish  felspar  and  moky 
quartz.  The  most  transparent  come  from 
Dauphiny.  This  mineral  is  genenilly  white, 
but  is  also  found  bluish  and  Uue,  and  of  a 
dingy  red.  It  is  sometimes  regularly  Ismi- 
natM,  affording  distinct  deavages  parallel  to 
all  the  planes  of  a  doubly  oblique  prism, 
yielding  by  the  reflective  goniomeier,  in  one 
durection,  alternate  measurements  of  93*  30^, 
and  86"  30';  in  another  of  119*  S(K,  and  60* 
30';  and  in  the  third  of  115"*  and  65».  It 
was  at  first  called  albite  and  sHioeous  febpar. 
Itconsists  of  silica  70.7)  alumina  19-8,  8oda9f 
lime  0. 2,  oxide  of  manganese  0.  X.^^Strmneyer, 

CLIMATE.  The  prevailing  constitution 
of  the  atmosphere,  relative  to  heat,  wind,  and 
moisture,  peculiar  to  any  region.  This  de- 
pends chiefly  on  the  latitude  of  the  place,  its 
elevation  above  the  level  of  the  sea,  and  its 
insular  or  continental  position.  Springs  irhidi 
issue  from  a  considnable  depth,  and  caves 
about  50  feet  under  the  surface,  preserve  an 
uniform  temperature  throtigh  all  the  vicissi- 
tudes of  the  season.  This  is  the  mean  tempe- 
rature of  that  country.  From  a  comparison 
of  observations,  Professer  Mayer  constructed 
the  following  empirical  rule  for  finding  the 
relation  between  the  latitude  and  tlie  mean 
temperature,  in  centesimal  degrees,  at  the  level 
of  the  sea. 

Multiply  the  square  of  the  catime  of  the 
latittide  by  the  constant  number  29,  the  pro^ 
duct  is  tfte  temperature.  The  variation  of 
temperature  for  each  d^;Tee  of  latxiade  is 
hence  denoted  centesimally  with  vcrv  great  pre. 
daion,  by  half  the  sine  of  double  the  laiimde, 

Mcftn  temperatures.  Hcightof  cvrveoT 

Latitude.  Ce  <t.  Fahr.      oongelation  in  feeC 

0«  29<»  842  15207 

5  «^28.78  83  8  15095 

10  "2813  826  14764 

15  2706  80-7  14220 

20  25-61  781  13478 

25  23.82  74-9  12557 

30  2175  711  11-184 

35  1946  67.  10287 

40  1701  62-6              9001 

46  14-50  58-1               7671 

50  11-98  536              6334 

55  9-54  49.2              5034 

60  7-25  450              3818 

65  518  41-3              2722 

70  3.39  381              1778 

75  194  35-5               1016 

80  086  33-6                457 

85  0-22  32-4                117 

90  0-0  320                  00 

The  following  table  represents  the  leiults 
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the  dnetioo  of  Mr.  Fccguson  of  Raith,  at 
Attotiiiali  in  Fife,  about  50  feet  above  the 
krd  of  the  aciS  in  ladtnde  56<>  W.    The 

181& 


huge  and  atmg  bnlba  oi  the  tbciinometen 
were  buried  in  the  ground  at  various  depths, 
while  the  stems  rose  above  the  surface  for  in- 
spection. 

1817. 


January, 

Ifoot 

2feet. 

3  feet. 

4  feet. 

Ifoou 

2  feet. 

3  feet 

4  feet 

33<» 

36.3<» 

40.7'> 

43« 

35.6 

3a7 

40.5 

45.1 

FebruMT, 

33.7 

36 

39.0 

42 

37.0 

40.0 

41.6 

42.7 

March, 

35 

36.7 

3a6 

42.3 

39.4 

40.2 

41.7 

42  5 

April, 
May, 

39.7 

38.4 

41.4 

4^8 

45.0 

42.4 

42.6 

42.6' 

44.0 

4a3 

4a4 

UJd 

46.8 

44.7 

44.6 

44.2 

June, 

61.6 

60.0 

47.1 

45.8 

51.1 

49.4 

476 

478 

July, 

64.0 

62.5 

55.4 

47.7 

55.2 

55.0 

51.4 

49.6 

August, 

60.0 

62.5 

50.6 

49.4 

53.4 

53.9 

52.0 

bO.O 

Septembor, 

61.6 

51.3 

51.8 

6ao 

53.0 

52.7 

52.0 

50.7 

October, 

47.0 

49.3 

49.7 

49.6 

45.7 

49.4 

49.4 

49.8 

November, 

40.8 

43.8 

46.3 

45.6 

41.0 

44.7 

47.0 

47.6 

December. 

35.7 

40.0 

43.0 

4&0 

37.9 

40.8 

44.9 

46.4 

Mean  of 
whole  year. 

43.8 

441 

45.1 

46 

44.9 

45.9 

46.2 

46.6 

Had  the  theimomelerB  been  sunk  deeper,  thev 
would  undoubtedly  have  indicated  47.7t  wht<£ 
m  tlie  mean  tempemture  of  the  place,  as  is 
snown  by  a  copious  spnng. 

The  lake  of  Geneva,  aK  the  depth  of  1000 
fetL,  waa  found  by  Saussuie  to  be  42<> ;  and 
bdow  100  feet  ftom  the  surface  there  is  no 
mentUy  variation  of  temperatuTei  The  lake 
of  Tfaun,  at  370  of  depth,  and  Lucerne  at  640, 
had  both  a  tempenrture  of  41o,  while  the  wa- 
ten  at  the  surface  hidicated  respectively  64o 
and  68^  Fahr.  Barlocci  observed,  that  the 
Lago  Sabatino,  near  Rome,  at  the  depth  of 
490  kel^  waa  only  44^,  whOe  the  thermo- 
meter stood  on  its  sur&oe  at  77**  Mr.  Jar- 
diae  has  made  accurate  observations  on  the 
tanperatuTefl  of  some  of  the  Scottish  lakes,  by 
vhaeh  it  appears,  that  the  temperature  con. 
tinoes  nnifoim  all  the  year  nmnd,  about  20 
&dionis  under  the  surface.  In  like  manner, 
Ike  mine  of  Dannemora  in  Sweden,  which 
vesents  an  immense  excavation,  200  or  300 
■et  deep,  waa  observed  at  a  perk)d  when  the 
working  was  stopped,  to  have  great  blocks  of 
is  lying  at  the  bottom  of  it  The  bottom  of 
the  main  shaft  of  the  silver  mine  of  Kongs- 
bog  in  Norway,  about  300  feet  deep,  is  covered 
with  perpetual  snow.  Hence,  likewise,  in  the 
^cep  cievices  of  ^tna  and  the  Pyrenees,  the 
■iBVf  are  preserved  all  the  year  round.  It  is 
CDly,  however,  in  such  confined  simations  that 
the  lower  strata  of  air  are  thus  peraianently 
eold.  In  a  free  atmoephere,  the  gradation  of 
tmpcrature  ia  revened,  or  the  upper  regions 
are  colder,  in  consequence  of  the  incieissed 
capachv  fov  heat  of  the  air,  by  the  dimmution 
of  the  aauaty.  In  the  milder  climates,  it  will 
be  snfliden^  accurate,  in  moderate  devations, 
toieckon  an  ascent  of  540  feet  for  each  cente- 
timiil  degree,  or  100  yards  for  each  degree  on 
Fihrenhcit*s  scale  of  diminished  temperature. 


Dr.  Francis  Buchanan  found  a  spring  at  Chit, 
long,  in  the  lesser  valley  of  Nepal,  m  Upper 
India,  which  indicated  the  temperature  of  14.7 
centesimal  degrees,  which  is  8.1<»  below  the 
standard  for  iu  parallel  of  latitude,  270  38". 
Whence  8.1  X  540  =  4374  feet,  is  the  ele. 
vation  of  that  valley.  At  ^e  height  of  a  mile 
this  rule  would  give  about  33  feet  too  mudi. 
The  decrements  of  temperature  augment  in  an 
accelerated  progression  as  we  ascend. 

Ben  Nevis,  the  highest  mountain  in  Great 
Britain,  stands  in  latitude  57^  where  the  curve 
of  congelation  reaches  to  4534  feet.  But  the 
altitude  of  the  summit  of  the  mountain  is  no 
more  than  4380  feet;  and  therefore,  during 
two  or  three  weeks  in  July,  the  snow  disap. 
pears.  The  curve  of  congelation  must  evi- 
dentJy  rise  higher  in  summer,  and  sink  lower 
in  winter,  producing  a  zone  of  fluctuating  ice, 
in  wliich  the  glaciers  are  formed. 

In  calculating  the  mean  temperature  of 
countries  at  difibent  distances  from  the  equa- 
tor, the  warmth  has  been  referred  solely  10  the 
sun.  But  Mr.  Bald  has  published,  in  the  first 
number  of  the  Edinburgh  Philosophicifl  Jour, 
nal,  some  facts  apparently  incompatible  with 
the  idea  of  the  interior  temperature  of  the 
earth  beins  dedudble  fVom  the  latitude  of  the 

5 lace,  or  the  mean  temperature  at  the  surface, 
^he  following  table  presents,  at  one  view,  the 
temperature  of  air  and  water,  in  the  deepest 
coal.mines  hi  Great  Britain. 

WTtiUhaven  CoUkry^  county  cf  Cumberland. 

Air  at  the  surface,     .  55*  F. 

A  spring  at  the  surface,  49 

Water  at  the  depth  of  480  feet,  .  60 

Air  at  same  depth,     •         •        *  63 

Air  at  depth  of  600  feet,     •  66 
Dillerenoe  between  water  at  surface 

and  at  480  feet,      •  U 
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Warkiitgion  Colkery,  amtUy  ^Cumkeriami. 
Air  at  the  nir&oe,     •  *^ 

A  spring  8t  the  sarface,  48 

Water  180  feet  down,  60 

Water  604  feet  under  the  level  of  the 
ocean,  and  immediately  beneftth 
the  Irish  Sea,        ...        60 
Diflference  between  i^ter  at  sarface 
and  bottom,  ...        12 

Teem  Co»tery,  county  qfthtrham. 
Air  at  pit  bottom,  444  feet  deep,  (>8 
Water  at  same  depth,  61 

Difference  between  the  mean  tempo, 
rature  of  water  at  sarface  =  49<», 
and  444  feet  down,  12 

Percy  Main  CoOierfj^  county  of  yorlhum- 

herland* 
Air  at  Resurface,     .        •        •        43 
Water  about  900  feet  deeper  than  the 
level  of  the  sea,  and  under  the  bed 
of  the  river  Tyne,  68 

Air  at  the  same  depth,  70 

At  this  depth  Leslie^s  hygromelter  in- 

dicated  dryness  =  83<>. 
Difference  between  mean  temperature 
of  water  at  sur&ce  =  49<»,  and  at 
900  feet  down,       ...        19 

Jarrow  CoUiery^  county  o/Durfum* 
Air  at  surface,  ....  49^ 
Water  882  feet  down,  68 

Air  at  same  depth,  70 

Air  at  pit  bottom,  64 

Difference  between  the  mean  tempera- 
tare  of  water  at  surfaoe  =  49^,  and 
882  feet  down,  ...  19 
The  engine  pit  of  Jarrow  is  the  deep- 
-  est  perpendicular  shaft  in  OrnU 
Britain,  being  900  feet  to  the  foot 
of  the  pumps. 

KiUing»orih  CoUkry,  county  of  Northum* 

berland. 
Air  at  the  surface,  48 

Air  at  bottom  of  pit,  790  feet  down,    61 
Air  at  depth  of  900  feet  from  the 
surfsce,   after  having  traversed  a 
mile  and  a  half  fifom  the  bottom 
of  the  downcast  pit,  •  70 

Water  at  the  most  distant  fordiead  or 
mine,  at  the  great  depth  of  1200 
feet  from  the  surface,  74 

Air  at  the  same  depth,  77 

Difference  betwixt  the  mean  tempe- 
rature of  the  water  at  the  surnce 
=  49*,  and  water  at  the  d^th  of 
1200  fbet,    ....        260 
Distilled  water  bcHls  at  thisdeptfaat  213 
Do.  do.  at  surface,         .        2l0jf 

M.  Humboldt  has  stated,  that  the  temper 
rature  of  the  silver  mine  at  Valendanain  New 
Spain  is  11*  above  the  raeati  tempenture  of 
Jamaica  and  Pondicheiry,  and  that  this  tern. 
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the  same  local  and  geologicaL 
ascribe  the  eztraoMLiiistry  elevatioii  of  lempe. 
rature  observed  by  Mr.  Bald.  He  fozther  re- 
marks, that  the  ddfepcr  we  descend,  the  drier 
we  find  the  strata,  so  that  the  loads  fhrougli 
the  mines  require  to  be  watered,  in  eider  to 
mevent  the  hom.^veni  from  being  annoTed 
by  the  dnst  This  fact  is  adteme  to  thehy- 
potheris  of  the  heat  prooeediog  from  the  che- 
mical  action  of  #ater  on  thestrata  of  eoaL  As 
for  the  pyrites  intarmixed  with  these  stnta,  it 
does  not  seem  to  be  ever  deoompoaed,  wfaikit 
uintitu.  The  perpetual  drculsdan  of  air  fiv 
the  respiration  of  the  mfaesa  must  ptcveat  die 
li^ts  from  having  any  coosiderBble  iniacnoe 
on  the  temperature  of  the  mines. 

The  meteorologicsl  dbservati0aft  nitw  msde 
and  published  wiSi  so  much  accuracy  and  re- 
gularity in  various  parts  of  the  World  vill 
soon,  it  is  hoped,  maJce  us  better  acqaaiated 
with  the  tuious  local  causes  which  modify 
dimates,  than  we  can  metend  to  be  atpRscoL 
The  accomplished  phiioeophical  travdler,  M. 
de  Humboldt^  pnUisbed  an  admirable  lys- 
tematic  view  of  the  mean  temperatiaiM  of  dtf. 
fierent  places,  in  the  third  vmam^  of  the  Me- 
moirs of  the  Society  of  Aaoiial.  Hiapoperii 
eotided.  Of  Isothermal  lines  (Unaa  of  ^ 
same  temperature),  and  the  Diatrilmliea  of 
Heat  over  the  Globe.  ^  By  oamperlug  a  grsit 
number  of  observations  naadebctwesa  dl^and 
48i»N.  lat.,hefoand»tliatatiliehoarefsa». 
set  the  temperature  is  very  nearly  the  mean  of 
diat  at  sunnaeand  two  iMwra  after  noon.  Upon 
the  whole,  however,  he  thinks,  that  tise  two 
observations  of  the  extRme  tempeiatuns  wiU 
give  us  more  correct  rcaulta. 

The  diffennce  which  we  efaoirfe  in  cnlti. 

vated  pUnts  depends  less  upon  mean  teoDtpOi^ 

rature  than  upon  direct  light  and  the  scKcnil^ 

"not linen  If 


of  the  atmosphere ;  but  whestwiU  i 
the  mean  temperature  dcso«kd  to  47.0*. 

Europe  may  be  regarded  as  the  western  pert 
of  a  groU  continent,  and  sab^tict  to  sH  thoee 
influences  which  make  the  wcsfeea  odes  e£  lA 
continents  wsrmer  than  iIm  cartem*  The  eaene 
difference  that  we  observe  on  tlie  two  aides  of 
the  Atlantic  exists  on  the  two  ades  of  the  P»* 
cific.  In  the  north  of  China,  the  extxcBMS  of 
the  seasons  are  much  more  felt  than  in  die 
same  latitudes  in  New  Califoniia,  ned  at  ti» 
mouth  of  the  Columbia.  On  iht  eealeni  aids 
of  N(»th  America,  we  have  the  sameeKticDEies 
as  in  China;  New  Yorit  has  the  soaasier  of 
Rome,  and  the  winter  of  Copenhagen;  Qne^ 
bee  has  the  summer  of  Paria,  and  the  winter 
of  Petersbuigh*  And  in  the  same  way  in 
Pekiii,  which  has  the  mean  temperatiiTe  of 
Britain,  the  heata  of  summer  are  greater  Ifasn 
those  at  Cairo,  and  the  cold  of  winter  as  se¥en 
as  that  at  UpsaL  This  anakMy  betweea  thi 
eastern  coaels  of  Asia  and  or  AiBcriea  enl^ 
ficiently  pnves,  that  the  ioequdities  df  the 
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MMUui  ttepend  npoD  te  praAongatlni  mA  a- 
lAgemcnt  of  the  oontxneDti  towards  die  pole, 
lAd  upGD  ilie  frequency  of  N.  W.  winds,  and 
nM  upon  tbe  proximity  o^  Any  ekrated  tzMto 
oleountry. 

Irdand,  says  Hmnboldt,  presents  one  of  the 
ntost  lemttluMe  cxMBplss  of  the  eombination 
of  Tery  mild  winters  with  cold  sommen;  the 
mean  tempentore  in  Hnnganr  for  die  month 
of  Aiignst  is  71-0* ;  t^iile  in  Ihihlio  it  is  obly 
60.8".  In  BdgiQtt  and  Scotknd,  the  Winteit 
ate  milder  than  at  Milan. 

In  the  article  Climate^  Supplement  to  the 
fin^dopcdia  Britannica,  the  following  simple 
rale,  is  given  for  detcMnhdnff  the  chahgt^of 
temper atuie  piwuced  by  sudden  rarsfadMNi 
or  condensation  of  air.  Multiply  ^  by  the 
d\fbreitce  ieiween  the  density  qfair  and  its 
reciprocal,  the  product  teiUhe  the  difftreneeof 
temjper&iure  on  the  cmalgfnde  teak,  llras, 
if  ttie  demity  be  twice,  or  one  half  S5^  X 
(2— j^)  :=iVtY  <«°^  =  ^'^"^  ^*^*  indicates 
the  diaoge  of  temperature  by  doubling  the 
density  or  rarity  of  air.  Were  it  condensed 
90  times,  then,  bir  this  fomiaU,  we  have 
749*  tn  ttie  eteiallni  of  tettipefatnre,  or  25* 
(tMK-^).  But  M.  Oay  Lnssac  says,  that  a 
dmdensation  of  air  into  one-fifth  of  its  Volnme, 
IS  WHWCtent  W  ^Dltt  tuMUV  I  ft  QtffBC  of  hst 
wbicli  he  states  at  300*  oentinade  =  572* 
fahik  (Journal  of  Sdenee,  toL  tiLjk  1770 
This  csperimentid  result  is  incompatible  with 
Frofeflsor  Leslie*s  formula,  which  gives  only 
llt«6*  lor  die  heat  pioduecd  by  a  eondensi^ 
Qon  into  ooe-nfih* 

It  appeart  very  ptotiable,  th*t  like  dimfttA 
df  dirc^)ean  countries  were  ume  severe  in  an« 
dent  times  than  diey  are  at  present.  Cssiar 
Mys.  that  Ae  vine  could  not  be  cultivated  in 
dttd,  on  accoom  of  its  ^f^tetJOcSLi,  Tht 
irin-de«r,  tiow  found  elilv  in  the  zone  of  Lap- 
knd,  was  then  an  inhabitant  of  the  Pyrenees. 
The  Tiber  was  frequently  ftosen  over,  and 
ttie  ground  about  Rome  covered  with  snow  for 
•efeial  ifeeks  tcgethtr,  which  afatioit  never 
happens  in  our  times.  The  Rhine  and  the 
ttanube,  in  the  reun  of  Augustus,  were  gcn^ 
tally  ftosen  over,  £r  several  monthi  of  wmtef. 
The  barbimahs  who  overran  the  Roman  em- 
pie'a  few  centuries  a^berwacdo^  traaspoKed 
tteir  annies  and  waggons  across  the  ioe  of 


theM  vmn.  The  fispfidvefiient  Chat  is  con^ 
tinuilly  toking  place  hi  the  climate  of  America^ 
proves,  that  me  newer  of  man  tttends  to  phe* 
nomena,  which,  from  themagnitade  and  va* 
tiety  of  their  causes,  seemed  entirely  beyond 
his  Control.  At  Ouiana,  in  South  Atneriea^ 
within  wn  degrees  of  tiie  line,  tfie  infaabitantft 
living  amid  immense  forests,  a  dentdry  ago» 
were  obliged  to  aOeviate  the  severity  df  thit 
cold  by  evening  fires,  fiven  thd  duratioo  of 
the  hdny  season  has  been  shortened  by  the 
dearfng  of  the  country,  and  the  wannth  is  s6 
iocressed,  that  a  fire  now  would  be  dsemedaii 
amK^anoe.  It  thunders  continaally  ih  the 
woods,  rarely  in  the  cultivated  parts. 

DftSnage  of  the  giound,  and  removal  of 
fbreets,  however,  cannot  be  reckoned  smong 
the  louroes  of  the  increaaed  warmth  Of  the 
Italian  winters.  Chemical  writert  have  omit- 
ted to  notut  all  ttttwomkal  cause  of  the  pr». 
gressive  aUMUorfttioh  of  the  ckhnatee  of  thfe 
nor&em  hemispheR.  In  consequence  of  the 
apogee  portion  of  the  terrestrial  orbit  bein| 
contained  between  our  vernal  and  autunnju 
equinoa,  our  summer  half  of  the  year,  Or  tha 
interval  which  dttgnet  beMreih  the  sun^s  at)B». 
ing  the  equator  hi  spring,  and  in  aututadf  la 
about  seven  days  longer  than  out  whiter  half 
yes.  Heoee  aba,  one  Mason  for  the  ittati^ 
cpHness  of  the  southern  hemisphere. 


Isothermal  Bands^  and  DistrUmttdh  qf  Beat 
Over  the  OlOwf* 

^he  tttupentum  ere  ezpteasel  ki  digrsflfe 
of  t'slirenheit^s  thetttoiftetdr;  the  loogitndei 
are  txKmted  from  east  to  west,  fiom  the  firet 
meridian  of  the  observatory  of  tWIft.  The 
mean  temperetitteA  of  toe  seasons  have  bedi 
calculated,  so  that  the  monlks  of  December, 
January,  and  Februaiyy  fona  the  mean  ten^ 
perature  of  the  whiter.  The  asaik  *  is  pre- 
fixed to  those  plecet,  the  mean  temperatttos  of 
whieh  have  been  determined  iHth  the  most 
predsion,  generally  by  a  mean  «f  8000  ob- 
servations.  The  isothermal  eitrres  having  a 
ooneave  sumtnit  hi  Europe,  andtwoonve|( 
summits  in  Ana  and  Eastern  Aneirica,  the 
(dimate  is  doMied  to  wfaieh  the  bdividnel 
]^aees  belong.^ 
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CUNKSTONE.  A  »t«ie  of  aa  imper. 
ftctly  slaty  ttnictuxe,  which  liDss  like  metal 
irhen  itmck  with  a  hammer.  Iti  ootour  h 
gieyofTanousahadca)  it  ii  brittkt  ashaid 
aa  felspar,  and  translaoent  Pn  the  edgea.  It 
oocuiB  in  rffhiTpn^  and  tabular  concretions. 
Sp.  or.  2.67.  I'lUtt  otsily  ^^^  >^  neailj  oo- 
Imirksa  gUsa.  Its  oooatitaenta  are  57*26 
allka,  264^  alttmina,  3.76  lime*  &1  aoda^a.^ 
oodda  of  iion,  0.25  oxide  of  maOjptteie,  aiidS 
of  water.— Aiprot^  This  st^e  generally 
leats  on  basalt.  It  oocars  in  the  Ochil  and 
Pentland  Mils,  the  Baas-ro^  the  islands  of 
Mull,  Lamladi,  and  Islay,  in  Scotland;  the 
BniddsB  hills  in  Montgomeryshire^  and  in 
the  Devis  moontain,  in  the  ooonty  of  Antrim. 
It  ia  found  in  Upper  Luaace  and  Bohemia. 

CLINOM£T£R.  An  instrument  for  mea- 
•ttiing^  dip  of  mineral  strata.  It  waa  origin- 
ally inTtoted  by  R.  Griffith,  Esq.  Professor 
of  Geology  to  the  DaUin  Society,  and  sohse- 
otteotly  modified  bv  Mr.  Jardine  and  Lord 
Webb  deymotr.  te  a  desoiption  and  draw- 
iBg  by  ibe  latter,  in  Ae  thkd  vobnie  of  the 
Geological  Ttansactkos.  Lord  WebVs  in- 
■trument  waa  a  very  perfect  one.  It  was  made 
hf  that  imivalled  attiM,  Mrv  Tsoii^gihtoiu 

CU)tJ]>.    AmaasofTiqpoui^BaeorkM 


opaque,  formad 
fadi^iB  thai 


famad  and  tflttaiiyd  st  oonsidenhle 
I  atoneaphsie^  psebaUy  by  the 
joint  agendeaof  heafc  and  dectoicKj.  The 
frst  auaeasful  atteo^  to  anaufs  the  dirsiri- 
IIbA  fiattia  of  <^dsb  tinder  a  few  geBvtal  modi. 
flcatioiiL  was  made  1^  Lake  Howard,' Esq. 
We  shall  give  hen  a  bnsf  sBCOont  of  his  in- 
gealoMs -daaaifiGatuMk 

The  timple  modifications  are  thus  named 
tfid  defined:  1.  Cimu.  Ftoallsl,  flezuoua, 
or  ffive^ging  llbrea,  extenalble  In  any  or  inidi 
2.  Cmmmim.  Oaanx  or  eaakal 
oppards  ftom  a  Jiodiontal 
bve. '  3.  Strwiiu.  A  widd^  extended,  esn- 
thwooahoiiiootal  shaet»  inaoisang  from  below. 

The  hUermediaU  modifloatinna  which  re- 
quiie  to  be  notieed  are.  4.  CkAro-^mmidHt. 
aBAn  welUdefined  wsndiah  masses,  ia  dose 
horiEontal  aiiaogemenL  6.  Cirfo^raUu, 
HatiBDflri,  or  djghdy  hidined  laaaari,  atte* 
nuated  towards  a  part  or  the  whole  id  their 
drcumftsnce,  bent  downward,  or  undulated, 
aeparate  or  in  gioupa,  cmftsiating  of  small 
douds  having  these  diazact^ 

The  coMfMMfi^  modificatkns  are,  8.  Cti. 
mMh-vtnOiu.  The  drro-stiatus,  blended  with 
iho  cnmulda,  and  eithv  appaaiing  intermixed 
sridi  the  l»qNi  of  the  latter,  or  sopesaddiag  a 
wide-aptetfl  slructuio  to  Us  base. 

7*  CwmUo-ttrro^traiut^  vd  Nvmhut*  The 
rain  doud.  A  dood  or  system  of  doads  from 
which  rain  is  fidliag.  It  is  a  horisontal  sheet, 
above  wWdi  tfie  dnua  4|preads,  while  iSttt  cu- 
mulus enters  it  latsnlly  and  f^om  beneadi. 

ThecirriM  iq»Maii  lo  haire  the  least  dn- 
sity,  the  greateat  elevation,  the  greatest  variety 
of  extent  and  diieetSon,  inl  to  i^ipear  earlicat 


on  serene  weather,  Iwing  indicatfd  bj  a  Aw 
threads  pencilled  on  the  dcy.  Before  atoms 
they  appear  lower  and  denaer,  and  osnaflj  in 
the  qaaiter  opposite  to  that  ftom  vfai^  the 
Btorm  arises.  Steadv  high  winds  are  alao 
preceded  and  attended  by  cima  streaks,  run- 
ning quite  aooaa  the  sky  In  the  dizection  they 
Uowm. 

The  camuba  has  the  deaaeat  stniBtaie,  Is 
fortned  In  the  lower  atmosphofe,  and  tDoia 
along  with  the  current  next  the  eardi.  A  mdl 
iiT^lar  spot  fim  appears,  and  is  as  it  wese 
the  nudeM  on  wUbIi  they  Jnetgaae.  The 
lower  suxftoe  continues  izregulady  plane,  while 
Ihe  upper  rises  into  conical  or  hnaiaphaiid 
heaps ;  wfaldi  may  afterwards  cobdnoe  long 
nearly  of  the  aame  bulk,  or  x^dly  rise  into 
mountains.  They  will  bq;in,  in  fiir  weather, 
to  form  somehoun  after  snnzbe,  anlTe  at  their 
maximum  in  the  hottest  part  of  Ike  afteMsn, 
then  go  on  diminishing  and  totally  di^ene 
about  sunset  Previous  to  rdn,  the  comvius 
Inaeaaea  rapidly,  appean  lower  in  the  atao- 
aphere,  and  with  its  auifiMafiill  of  looaa  ficaea 
or  protuberaocea.  The  formatioii  of  large  en- 
miul  to  leeward  in  a  atxong'wind  Indicates  die 
appvow^  of  a  calm  with  aia.  Whcnthrydo 
not  djasfipeat  or  aobalde  aboat  amiaeC,  bnt 
continue  to  riae^  thunder  is  to  be  expected  in 
fSbt  ni^  The  ttratm  has  a  bmbb  a^gcee  of 
density^  and  is  the  lowest  of  doada,  ila  infedor 
aurfiMx  oQDUionly  reatiaig  on  the  earth  or  wa- 
ter. ThiB  is  properly  the  dood  of  B%bt  ap- 
pearing about  sunaet  It  oomptdienda  all 
thoae  creeping  mists,  which  in  calm  weather 
ascend  in  spreading  sheeti^(Eke  an  iawidaiion 
of  watsX  »im  <1m  bottomof  valleyi,  aadtfae 
kurfiMea  of  lakes  and  rivers.  OntheretumoC 
tfaeann,iheievd  onHaeeofdHa  eland  bcgim 
to  pat  OB  the  HipeanMweof  cvnnkM,  the  whole 
at  the  aame  dme  aqMiating  fiom  the  gioiuid. 
The  cantinaity  is  aextdesmfsd,  and  the  dood 
ascends  and  evi^oratea,  or  pasan  off  with  the 
appearance  of  the  aaaoeot  onnohia.  Thiahas 
loQg  been  eiperimofid  as  a  piqpioatic  of  &ir 
weather. 

llie  drf«#  having  amtfaraed  for  some  time 
iocusasiog  or  atationaryL  iiyn*i\y  peases  cttha* 
to  the  <£ro-cunmlns  or  the  Sno-atratoi,  at 
the  same  time  descending  to  a  lower  statkn  in 
the  atmosphere.  This  modifiratinn  fsans  a 
▼eiy  beautiful  sky ;  Is  frequoit  in  summer,  an 
attfndant  on  warm  and  dry  weadio.  The 
tlmh^trtUmt^  whea  seen  in  the  ^s«»nTr*i  fro- 
quoBtly  gives  the  idea  of  dioala  of  fish.  It 
precedes  wind  and  rain;  ia  aaan  m  the  tatcrvali 
of  atorms;  and  aometimes  alt<wnat«B  widi  the 
dno*camulos  in  (he  same  dood,  vbcn  dv 
difibent  evolutioos  form  a  curious  apeetade. 
A  judgment  may  be  formed  of  the  weatb* 
likdy  to  ensue  bv  observing  whidi  modifica- 
tion pwtila  at  laat  The  oolar  aod  lunar 
haioei^  aa  wdl  aa  thenarhdion  and  pazasdeoe, 
(mock  sun  and  mock  moon>,  pnwnoatics  <tf 
fettl  weather,  are  occasloaad  fay  UUs  dood. 
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Tbc  coraiiliMtnttts  jBiecedes,  »^  tfafi  alnbut 
aceompiDicfl,  niu.    See  Raiv. 

Mr.  Hovaxd  sWes  a  view  of  the  cngin  of 
donds,  which  wiu  be  found  aocompaniad  with 
meny  uaeful  remaiks,  in  the  10th  aad  17th 
▼duxnes  of  the  Philos.  Magaadnew 

CLUB-MOSS.  Lycf^um  cknatum. 
The  minute  leedg  of  this  axe  very  oombuetihto. 
When  a  handful  of  them  if  tinown  acrois  a 
flame^  tiicir  binn  ezploatrely;  and  an  there- 
lore  used  in  theatres  to  imitate  the  ^peacanoe 
of  filming.  By  Buchok's  onalyas  they 
contain  a  fixed  oil,  soluble  in  aloebol,  sngOB^ 
and  modhiginoQf  extract,  bondea  inaolttblt 
matter. 

CliVSSUS.  A  woid  fmneily  oaed  t* 
denote  the  Tipour  produced  by  the  detooatioa 
of  nitie  with  any  inflammable  tubatanoe. 

OOAK.  Coal  is4:faaiTed  in  the  same  man. 

iier  aa  wood  to  convert  it  into  cfaaioooL    An 

oblong  aqoate  hearth  is  prepared  by  heating 

tiie  onth  to  a  Ann  flat  anxikoe,  and  puddling 

It  over  with  day.    On  tUa,  the  pieoea  of  cool 

are  piled  up,  hidining  tewaxd  one  another; 

and  thooe  of  the  lower  strata  are  act  iq|>  on 

dMar  acntcit  angles  ao  as  to  tonch  the  ground 

widi  the  least  surface  poaaiblft     The  piles 

are  usoalfy  fimm  30  to  dO  inchca  hi§^,  from 

9  to  16  feet  bioadL  and  eontain  from  4d  to 

lOf^tMMof  coaL  A  number  of  vents  are  left, 

xeadiing  from  top  to  bottom,  into  which  the 

bozsinff  fuel  is  thrown,  and  they  are  then 

fawnwHatdy  doaed  with  small  nieoea  of  odoI 

beaten  hard  hi.  Thuathekfadledfireisfivosd 

to  creep  along  the  bottom,  and  when  that  of 

an  the  vents  is  united,  it  rises  giadually,  and 

buisis  oat  on  every  side  at  once.    If  the  coal 

contain  pyritea,  the  combustioo  is  allowed  to 

cotttinne  a  considcnble  thne  after  the  diaap. 

pcarance  of  the  smoke,  to  extricate  the  su^^hur, 

part  of  which  wiH  be  fcnrnd  in  floweis  on  the 

sorfree :  If  it  contain  none,  the  fire  is  covered 

■p  aeon  after  the  smoke  dis^pcara,  beginning 

at  the  bottom  and  proceeding  gndnally  to 

the  top.   In  60,  00,  or  70  hoimy  the  fire  ia  in 

general  eompletdv  covered  with  the  aahea  «f 

door  fonnedy  made,  and  in  12  or  14  days  the 

ooaik  may  bejremoved  fbr  use.    In  this  way  a 

ton  of  eoob  commonly  pnducei  fkom  700  to 

1100  pooada  of  coafc. 

1b  this  Way  the  volatile  prodnots  of  the 
eoal,  however,  whidi  might  be  turned  to  good 
aeeoont,  are  lost:  but  some  years  ago  kid 
Bundonald  conceived  and  carried  into  effect  a 
By  butmng  the  coal 
atovea,  with  as  little 
^  air  as  may  be,  at  the  bottom ;  and 
conducting  the  smoke,  through  proper  hori- 
smtal  tunnds,  to  a  capadous  doae  tonnd  100 
yarda  or  more  in  length,  built  of  bride,  sop- 
ported  on  brick  ardus,  ttid  covered  oa  the  top 
by  a  diallow  pond  of  water ;  the  bitnmen  is 
eoodensed  in  the  form  of  tar:  120  tons  of 
cod  yidd  about  3^  of  tar,  dioo^  some 


dan  fhr  laving  them, 
a  a  range  of  18  or  ! 


coals  are  add  to  be  io  bitamisoiM  aato  af. 
ford  ^  of  their  wdgbt.  Part  of  the  tar  i» 
hispittated  into  pitch,  21  bonds  of  which  «r 
made  of  28  of  tar;  and  the  volatile  paitaarMmg 
in  this  process  are  condensed  into  a  vamioh 
used  for  mixing  with  eoloors  for  outdoor 
painting  chiefiy.  A  quantity  of  ammonia  tot 
n  edikcted,  and  uaed  for  making  sal  ammoiiiM^ 
The  cakes  thus  made  are  likowiae  of  auperior 
quality. 

COAL.  This  verjr  important  ^dcr  of 
combiiatihle  mtBends,  is  divided  by  profsim 
Jameson  into  the  following  species  and  fubo 


8peeieB  1.  Bnwn  cod,  already  dcaeribed. 

Spedes2-  BhdKoea],ofwhlch  there  are  fear 
sub»w)ecifla ;  slate  ooaL  fwpnp^  eoal^  foliatfd 
coal,  and  ooaBK  ooaL 

1.  Sl9f€  comL  Its  coioar  is  iotmoediate 
between  vdvetJibck  and  dark  greylBh.hlack. 
It  has  sometimes  a  peacock  tail  taniMh.  It  . 
oeeais  maadve,  and  in  edamnar  and  egg. 
shaped  concretions.  It  has  a  redaona  faiatn. 
Prindpal  fnctsae  alaty  s  eroaafractare,  imper- 
fact  csndioidaL  Haider  than  gypBaa^  bill 
softer  than  ealcareoiia  spar.  Britde.  8p.  gi. 
1.26  to  1.38.  It  bums  longer  than  cannd 
eoal;  oakea  nwae  or  Icaa,  and  leaves  a  slag. 
l%e  oonstitacnls  of  the  slate  coal  of  White- 
haven, by  KLrwan,  are  66.8  cariMO,  with  48.9 
miztuTC  of  asphdt  and  maltha,  in  which  the 
former  predominatea.  This  coal  ia  tend  in 
vast  quantitiea  at  Newoasde$  in  the  cod  for- 
mationwhich  stretchesfrom  Bolton.by  Allonhw 
andWorkhigtoOytoWhitdiaveB.  In  Scotland, 
intheriverdiatrictof  FovthaadClvde;  at€aib- 
noby,  Sanquhar,  and  Kiioonnd,  m  Dnmfrias 
due;  inThttrii^ia,8axoi7,aBdDiaoyolte 
eoontifes  of  Geimany.  It  awnctimeii  paaaaa 
hito  caand  and  idialed  ooaL 

2.  Ctmndc^oL  Cdonr  between  Tdvot  and 
neyiah-hbM^  Maadve.  Reaiooua  luflNb 
Fracture  fiat-condioidal,  or  even.  Fragments 
trapoaoidali  Hardncaa  as  in  the  prscediitg 
anb-qiedes.  Brittle.  Sp.  g^.  1.28  to  1.27. 
It  occure  along  widi  the  prooadin^  It  ie 
iMind  near  Whitehaven,  at  Wigan,  m  Lancv 
ddre;  Braady,inShiopahitt,nearShdWU; 
in  Scotland,  at  Gflmeftsa  and  Riiddrk, 
where  it  ia  called  panat  ooaL  It  has  been 
worired  on  the  lathe  Into  drinking  vcomIs, 
snuff  boiea,  &c 

3.  FoOaiede^aL  Its  cdonr  iavdvet-blaek, 
sometimes  with  arideaeent  tamiah.  Maadve, 
and  in  haneUar  ooBcrotiona.  Bednous  or 
splendent  lustre;  uneven  fracture;  f^jpments 
approaching  to  trapeaddaL  Sofkr  than  oan. 
nd  cod ;  between  brittle  and  secdle.  Eadly 
broken.  Sp.  gr.  1.34  to  1.4.  The  White- 
haven  variety  consists,  by  Kirwan,  of  57  car- 
bon, 41.3  bitumen,  and  1.7  Mhes.  It  occurs  hi 
the  coal  formations  of  this  and  other  countriea. 
It  is  distinguidied  by  its  lamdlar  concretiona, 
splendent  lustre,  and  easy  frangibility. 
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4.  Coartecoal  Colour  dark  greyiflh-black, 
inclining  to  brownish-black.  Massive,  and 
in  granular  concretions.  Glistening  lustre. 
Fracture,  imperfect  scaly.  Fragments,  inde- 
terminate angular.  Hardness  as  above. 
Eanly  frangible.  Sp.  gr.  1.454.  It  occurs  in 
the  German  coal  formations.  To  the  above, 
professor  Jameson  has  added  soot  coal;  wliidi 
has  a  dark  greyish-black  colour ;  is  massive ; 
with  a  dull  semi-metallic  lustre.  Fracture 
uneven;  sometimes  earthy.  Shining  streak ; 
soils ;  is  soft,  light,  and  easily  frangible.  It 
bums  with  a  bituminous  smell,  cakes,  and 
leaves  a  small  quantity  of  ashes.  It  occurs 
along  with  slate^coal  in  West-Lothiau  and  the 
Form  district;  in  Saxony  and  Silesia. 

Spedes  Sd.  Glance-coal,  of  which  the  pro- 
fessor gives  two  sub-species,  piteh-ooal  and 
glaoce^4»al.  1.  Pitch-coal  Colour  velvet- 
black.  Massive,  or  in  plates  and  botroidal 
branches,  with  a  woody  texture.  Splendent 
and  resinous.  Fracture  larse,  perfect  oonchoi- 
dal.  Fragments  sharp-edged  and  indeterminate 
aneular ;  opaque;  soft ;  streak  browti-ooloured. 
Bnttle.  Does  not  soiL  Sp.  gr.  1.3.  It 
.  bums  with  a  greenish  flame.  It  occurs  along 
^ !  with  brown  coal  in  beds,  in  floets,  trap,  and 
S  limestone  rocks,  and  in  bituminous  shale.  It 
\  is  found  in  the  isles  of  Sky  and  Faroe ;  in 
Hesna,  Bavaria,  Bohemia,  and  Stiria.  It  is 
used  for  fuel,  and  for  making  vessels  and 
snuff-boxes.  It  is  called  hiack  amber  in 
Prussia,  and  is  cut  into  rosaries  and  neck- 
laces.  It  is  distinguished  by  its  splendent 
lustre  and  conchoidal  fracture.  It  was  for- 
merly  called  J0<,  from  the  river  Gaga  in  Lesser 
Asia. 

2.'Gianee'Coal;  of  which  we  have  four 
kindsy  conchoidal,  slaty,  columnar,  and  fibrous. 
The  conchoidal  has  an  iron-bladc  colour,  in- 
clining to  brown,  with  sometimes  a  tempered 
steel  tarnish.  Massive  and  vesicular.  Splen- 
dent,  shining  and  imperfect  metallic  lustre. 
Fracture  flat  conchoidal;  fragments  sharp, 
edged.  Hardness  as  above.  Brittle,  and 
easily  frangible.  In  thin  pieces,  it  yields  a 
ringing  sound.  It  bums  without  flame  or 
smen,  and  leaves  a  white-coloured  ash.  Its 
oonstituCTts  aie  96.66  inflammable  matter,  2 
alumina,  and  1.38  silica  and  iron.  It  occurs 
in  beds  in  clay-slate,  grey-wacke,  and  alum- 
slate  ;  but  it  is  more  abundant  in  secondary 
rocks,  as  in  coal  and  trap  fora^iations.  It  oc- 
curs in  beds  in  the  coal  formations  of  Ayrshire, 
near  Cumnock  and  Ejlmamock ;  in  the  coal 
district  of  the  Forth ;  and  in  Stafibrdshire.  It 
appears  to  pass  into  slaty  ^ance-coal. 


Sla^  glance-coal.  Colour  iron-blacL  Mas- 
sive. Lustre  shining,  and  imperfect  metslfic. 
Principal  fracture  sUty ;  coarse  fracture,  im- 
perfect  conchoidal.  Fragments  tispaoidsl. 
Sol^  than  conchoidal  glance- cosL  Easily 
fVangible ;  between  sectik  and  brittle.  Sp.  gr. 
I.fi0.  It  bums  without  flame  or  odour.  It 
consists,  by  Dolomieu,  of  72.05  carbon,  13.19 
silica,  3.29  alumina,  3.47  oxide  of  im,  and 
8  loss.  It  occurs  in  beds  or  Teins  of  diiTeRnt 
rocks.  In  Spain,  in  gneiss ;  in  Switierl^ 
in  mica-date  and  day-slate ;  in  the  trap  rod[ 
of  the  Galton-hill,  Edinburgh ;  in  the  ooal 
fbrmatioiis  of  the  Forth  district.  It  is  feand 
also  in  the  fk)etz  districts  of  Westcrai^  in 
West-Lotfiian,  Dunfermline,  Cumnock,  KU. 
mamock,  and  Arran ;  in  Brecknock,  Caermar- 
thenshire,  and  Pembrokeshire,  in  England; 
and  at  Kflkenny,  Ireland ;  and  abundandy  in 
the  United  States.  In  this  country  it  is  adled 
blind  ooaL 

Columnar  glance-coal.  Colour  velvet- Wad 
andgreyish.'black.  Bfassive,  disseminated,  and 
in  prismatic  concretions.  Lustre  glistening, 
and  imperfect  metallic.  Fracture  conchoidaL 
Fragments  sharp-edged.  Opaque.  Brittle. 
Sp.  gr.  1-4.  It  bums  without  flame  or  smoke. 
It  forms  a  bed  several  feet  thick  in  the  coal. 
field  of  Sanquhar,  in  Dumfries-shire;  at 
Saltcoats,  in  Ayrshire,  it  occurs  in  beds  and 
in  green-stone;  in  basaltic  columnar  rows 
near  Cumnock,  in  Ayrshire. 

Fibrofu  coal.  Colour  dark  creyisb-black. 
Massive,  in  thin  layers,  and  in  fibrous  conar- 
tions.  Lustre  glimmeiing,  or  pearly.  It  soUs 
strongly.  It  is  soft,  passing  into  fiiable. 
It  bums  without  flame;  but  some  varieties 
scarcely  yield  to  the  most  intense  heat  It  is 
met  with  in  the  difierent  coal  fields  of  Great 
Britain.  Its  fibrous  concretions  and  silky 
lustre  distinguish  it  fh>m  all  the  ocber  kinds 
of  coal. 

It  is  not  certain  that  this  mineral  is  wood 
mineralized.  Several  of  the  varieties  may  be 
original  carbonaceous  matter,  crystallixed  in 
fibrous  concretions. — Jameton. 

PsTti.  Charcoal.  Znth. 

100  Kilkenny  coal  contain        97-3     S.7 

Anthracite,        -        -      90.0    100 

Ditto,       -        -        .      72.0    200 

Ditto,        ...      97.25    27 

Coal  of  Notre  Dame  deVaux,      7&5    20 

The  following  table  exhibits  the  results  of 
Mr.  Mushct*s  experiments  on  the  carboniiation 
and  incineration  of  coals  :-^ 
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VobtUe 
matter. 

CharooaL 

Ashes. 

Sp.gr.  of 
coal. 

Spwur.of 
ooak. 

Welsh  furnace  coal. 

8.60 

88.068 

3.432 

1.337 

1. 

Alfreton  do.       do. 

45.50 

62.466 

2.044 

1.236 

less  than  1. 

Butterly  do.      do. 

42.83 

62.882 

4.288 

1.264 

1.1 

Wekh  stone      do. 

aoo 

89.700 

2.300 

1.368 

1.39 

Welsh  slaty      do. 

9.10 

84.175 

6.725 

1.409 

Derbyshire  cannel  do. 

47.00 

48.362 

4.638 

1.278 

Kilkeony  coal. 

4.25 

92.877 

2.873 

1.602 

1.657 

Stone-coal  found  under  basalt, 

16.86 

69.74 

13.600 

KOkenny  slaty  coal, 

13.00 

80.475 

6.525 

1.443 

Scotch  cannel  coal. 

56.67 

30.430 

4.000 

Bonlayooneen  do.            "j 

13.80 

82.960 

3.240 

1.43^ 

-  l.WfH^  *^ 

Corgce  coal                      >  Irish, 

9.10 

87.491 

3.409 

^^CW3v 

.   1.666     / 

Queen's  County,  No.  39.  J 

10.30 

86.560 

3.140  . 

^^M 

,  i.m. 

33.37 

64.697 

11.933/ 
0.50(r 

-   —   .m    -< 

Oak  wood. 

80.00 

19.500 

niT  iX  >^  ^'^  -"1 

It  waa  icmarked  kmg  ago  by  Macquer,  that 
Bine  detonates  with  no  oily  or  inflammable 
matter,  ontfl  such  matter  is  reduced  to  ooal» 
and  then  only  in  proportion  to  the  carbona- 
eeous  matter  it  contains.    Hence  it  occurred 
to  Mr.  Ksrwan,  that  as  coals  appear  in  distil- 
latioD  to  be  for  the  roost  part  merely  com- 
pounds of  carbon  and  bitumen,  it  should  fol- 
low,  that  by  the  decomposition  of  nitre,  the 
quantity  of  carbon  in  a  given  quantl^  of 
every  species  of  coal  may  be  discovered,  and 
the  proportion  of  bitumen  hiferred.  This  cele- 
brated chemist  aoootdingly  projected  on  a  oer- 
tam  portioo  oi  nitre  in  a  state  of  fusion,  sue 
eessive  fragments  of  various  kinds  of  coal,  till 
the  deflagration  ceased.    Coal,  when  in  Jifftf 
powder,  was  thrown  out  of  the  crucible.   The 
experiments  seem  to  have  been  judiciously 
pcrfomwd,  and  the  results  are  therefore  en- 
titled to  as  mndi  ooDfidenee  as  the  method 
peraiits.    Lavdaier  and  Kirwan  state,  that 
about  13  parts  of  dry  wood  cluurooal  dcoom- 
pose  100  of  nitre. 

100  parts     CharcoaL  Bitumui.      Earth.  Sp.  gr. 
Kakennycoal,97-3  0  3.7    1526 

Comp.  cannel,  75.2    21.68  maltha  3.1    1.232 
Svansey,  73.53  23.14  mixt.  3.33  1.357 

Leitrim,  71.43  23.37    do.    5.20  1.351 

Wigsn,  61.73  36.7      do.    1.57  1*268 

Newcastle,       68.00  40  0      do.        —1.271 
Whiidiavai,    67^   41.3  1.7    1.267 

Slaty  cannd,    47.62  32.52  mal.  20.0    1.426 
Asphalt,  31.0   68.0  bitumen  —  1.117 

Udtha  8.0  —  2.07 

100  porta  of  the  best  English   ooal  give, 

of  ooak,  .    63.  by  BIr.  Jars. 

lOO   do.     .         .        .73.  Hiehn. 
IM   do.  Newcastle  da    68.  Dr.  Watson. 

Mr.  Kirwan  aays  be  copied  the  result,  for 
Newcastle  coal,  from  Dr.  Watson. 
The  foliated  or  cubical  coal,  and  slate  ooal. 
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are  chiefly  used  a 
caking  coals,  for  i 
from  its  keeping  open,  i 
gnat  heats  in  a  wind  furnace,  as  in  < 
on  the  great  scale ;  and  glance  coal  is  used  for 
dnring  grain  and  malt.  The  coals  of  South 
Wales  contain  less  volatile  matter  than  either 
the  English  or  the  Scotdi ;  and  hence,  in  equal 
weight,  produce  a  double  quantity  of  cast  iron 
in  smelting  the  ores  of  this  metal  It  is  sup- 
posed that  3  parts  of  good  Newcastle  coals  are 
equivalent,  as  fuel,  to  4  parts  of  good  Scotdi 


Werner  has  ascertained  three  distinct  ooal 
formatwns,  without  including  the  beds  of  ooal 
found  in  sandstone  and  limestone  formations. 
The  first  or  oldest  formation,  he  calls  the  in- 
dependent  coal  formation,  because  the  indi- 
viaual  depositions  of  which  it  is  composed,  are 
independent  of  each  other,  and  are  not  con- 
nected. The  second  is  tliat  which  occurs  in 
the  newest  floets-trap  formation ;  and  the  third 
occurs  in  alluvial  land.  Werner  observes,  that 
a  fourth  formation  might  be  added,  whidi 
would  oomprdiend  peat  and  other  similar  sub- 
stances; so  that  we  would  have  a  beautifrd 
and  uninterrupted  series,  from  the  ohkst  for- 
matun  to  the  peat,  which  is  daily^mrming 
under  the  eye. 

The  independent  formation  oontafais  exclu- 
sively coarse  ooal,  foliated  ooal,  cttmd  coal, 
slate  coal,  alrind  of  pitch  coal,  anddaty  glance 
ooaL  The  latter  was  flrst  found  in  this  forma- 
tion in  Arran,  Dumfries-shlre,  Ayrshire,  and 
at  Westcraigs,  by  Professor  Jsmeson.  The 
formation  in  the  newert  floetz-trap  contains 
distinct  pitch  ooal,  columnar  coal,  and  <&on- 
choidal  glance  coaL  The  alluvial  formation 
oontaina  almost  exclusively  earth  coal  and 
bituminous  wood.  The  flrst  formation,  be- 
sides ooal,  contains  three  rodcs  which  are 
peenliartoit;  these  are  a  conglomerate,  which 
ismoreorlesscoarse-gndned;  a  friable  sand- 
stone,  which  is  always  micaceous ;  and  lastly, 
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dat^clay.  Bat  besides  these,  there  oocai  aUo 
beds  OT  nsracff  ssudstonei,  msrli  liiiicstoDe, 
porphyiitic  stonc^  Utaminous  shale,  day-iioB. 
stone ;  and,  as  discovered  by  Brofessor  Jame- 
son, greenstone,  amygdaloid,  and  graphite. 
The  state-day  is  well  characterized  by  the 
great  variety  of  Tegetable  impressions  of  sudi 
phuits  as  flourish  &  marshes  and  woods.  The 
smaller  phnts  and  reeds  ooeur  in  casts  or  im- 
pressions always  laid  in  the  diiecti<«  of  the 
strata ;  but  the  larger  ajrhoiescent  plants  often 
stand  erect,  and  their  stems  are  filled  with  the 
substance  of  the  superincumbent  strata,  which 
seeau  to  show  tliat  diese  stems  are  in  ,their 
original  position.  The  lesTes  and  stems  re- 
sembk  those  of  palms  and  ferns.  The  central, 
northern,  and  westeni  coal  mines  of  En^and ; 
the  river  coid  districts  of  the  F^th  and  the 
Clyde,  and  the  Ayrshire,  and  in  part  the  Dum- 
fiies-shire  coals,  belong  to  this  formation,  as 
wdl  as  the  coals  in  the  northem  and  westeni 
paitaofFtance. 

Byfar  the  most  valuaUe  and  extensive  beds 
of  coal  whidi  have  been  fimnd  and  wrougU 
aas  hi  Great  Britain.  The  general  Ibim  of 
our  great  iodepcodent  ooaUbeds  is  semi-cir* 
GolsK,  or  scmielliptica],  being  the  scgnocnt  of 
a  great  hasin.  The  strata  have  a  dip  or  de» 
eVinatJon  to  the  horizon  of  from  1  in  5  to  I  in 
90.  They  are  rarely  vertical,  and  seldom  pepb. 
fectly  horizontal  to  any  conBid«able  extent. 
SUpa  and  dislocaiaons  of  tba  strata,  how<ev«r, 
dcnnge  moKe  or  Usa  the  genen4  form  of  the 
basin. 

Those  who  wish  to  understand  tho  awist 
in^iroved  modes  of  working  ooal  mines,  will 
be  amply  gratified  by  consulting,  A  Report  4m 
1heUkuUrC4mlDUtrict^hyBidti$xdQtiSak 
Esq.  Professor  of  Geology,  and  Jtf  iniog  En- 
gineer to  the  DuhUff  Society.  The  author  has 
given  a  most  luminous  view  of  Mr.  Buddie's 
ingenious  ^stem  of  working  and  ventijatiog, 
in  whidi  from  7>8Uis  to  i^lOths  of  the  whole 
ooal  may  he  raised,  instead  of  only  ^  which 
was  the  nroportion  obtauied  in  the  tencr 
modes.  Mx,  oiiflith  has  since  pulilisbad  soBaa 
other  nports,  the  whole  constituting  an  inva. 
luaMe  body  of  mining  infionnatioo. 

COAL  GAS.  Whan  coal  is  subjected  in 
dose  vessels  to  a  red  heat,  it  gives  out  a  vast 
quantity  of  gas,  which  being  collected  mod 
pozified,  incapable  of  afieiding  a  beautiluland 
steadjr  light,  w  its  slow  combustion  through 
small  onficea*  Dc  Clayton  aeems  to  have  beoi 
the  first  nho  perfixmed  thia  expsriiDcnt,  with 
the  view  >af  artificial  illuminatian,  though  its 
application  to  eoonoraical  furposea  was  unac- 
countably neglected  tat  about  ,60  years.  At 
length  Air.  Murdoch  of  the  Soho  Foundry, 
instituted  a  senes  of  judicious  expcdments  on 
the  extricatioD  of  gas  from  ignited  coal ;  and 
succeeded  in  establishing  one  of  xhe  most  ca- 
pital in^nrovements  which  the  arts  o£  Ufe  have 
ever  derived  from  philosophical  research  and 
sagacky. 


In  the  year  1798,  Mr.  Murdoch,  after  se- 
venl  trials  on  a  small  scale  five  years  befqane, 
l»nstructed,  at  the  foundry  of  Messrs.  Bolton 
and  Watt,  an  apparatus  upon  a  large  scale, 
whidi  during  many  successive  nights  was  ap- 
plied po  the  lighting  of  their  principal  builcUng  ; 
and  various  new  mediods  were  practised  of 
witthing  and  purifying  the  gas.  In  the  year 
1805,  the  cotton-niill  of  Messrs.  Philips  and 
I^e,  reckoned  the  most  extensive  in  the  king, 
dom,  was  partly  lighted  by  gas  under  Mr. 
Murdoch's  direction  ;  and  the  light  waa  aaesi 
extendi  over  the  whole  manufactory.  la  the 
same  year,  I  lighted  up  the  large  lecture^room 
of  Anderson's  ustitution  with  coal-gas,  gene, 
rated  In  the  laboratory;  and  continued  the 
illumination  every  evening  through  that  and 
the  succeeding  winter.  Hence  I  was  induced 
to  pay  partieular  attention  to  the  theory  and 
practice  of  its  production  and  use. 

If  coal  be  put  into  a  odd  retort  and  slowly 
exposed  to  heat,  i4a  bkumcn  is  nard^wola. 
tallied  in  the  state  of  coodenaibfe  tar.  lictUs 
^  and  that  of  inferior  illuminating  pownv 
13  produced.  Thia  diatillatory  tamperatana 
may  he  estimated  at  about  600*  or  700«F.  If 
the  retort  be  previomly  brought  to  •  bright 
chei!ry-Bed  heat,  then  the  cosla,  the  inaiant 
after  their  introductioD,  yield  a  oopious  wpply 
of  good  gas,  and  a  moderate  quantity  gf  tarry 
and  wDmowacal  vaponr.  But  when  the  retmt 
is  heated  to  nearly  a  white  incandescence,  tho 
part  of  the  gaa  richest  in  light  is  attenuated 
hkto  one  of  inferior  quality,  as  I  have  shown 
in  detailing  BerthoUet's  experiments  on  Cab* 
9u&Bf  TBD  HYDmooEir.  Apovndofgood 
cannd  coal,  properly  tieatad  in  a  small  app^ 
ratus,  will  yidd  6  cubic  £eet  of  gaa,  eqotvatot 
in  iUumiaating  power  to  a  mmild  candle  aiK 
in  the  pound.    See  Candle. 

On  the  great  aeale,  howeiser,  8§  cubic  ieet 
of  good  gas  ase  all  that  should  be  expected 
fimn  1  pmnd  of  ooaL  A  gaa  jet,  which  con,, 
somes  half  a  cubic  foot  per  hour,  aifivds  • 
steady  light  equal  to  mat  of  the  above 
candle. 

AcoordiBg  to  Mr.  Mnidodi*s  atataoaent, 
praented  to  the  Royal  Society,  SfiOO  oufaic 
&et  of  gaa  wcm  geaeraled  In  Mr.  Lee*s  retoit 
from7cwta9  784lbs.ofcaividcoa1.  Thia 
ia  nearly  3^  cubic  feet  £ir  every  pound  of  ooal, 
and  indicates  judiciotts  management  The 
price  of  the  best  Wina  cannd  k  13^.  per 
cwt  (82t.  ad.  per  ton)  delivered  at  Mr.  Lee"^ 
miM  at  Manohestcr ;  or  about  St,  for  theaaaen 
hundred  wdg^t  About  |^  of  the  ahovequan. 
tity  of  good  common  coal,  at  10«.  per  ton,  ia 
required  far  fiid  to  heat  the  letovta.  Neaiiy 
I  of  the  weight  of  the  coal  remaina  in  the 
retort  in  the  Ibrm  of  coak,  which  ia  aold  on 
the  apot  at  U.  4d.  per  cwt.  The  quantity  «f 
tar  produced  from  each  ton  of  cannd  coal,  is 
from  UtolSalegallona. 

The  economical  •atatsnieat  for  «m  faar  la 
given  by  Mr.  Murdoch  thus:— 
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Cost  of  1 10  toni  of  canod  Gotlf 
Ditto  of  40  tong  of  oommon  ditto, 


Deduct  the  valae  of  70  toni  of  code. 


ao 

145 


The  annual  expenditure  in  ooal,  without 
aUowhig  any  ^ing  for  tar,  ia        -  52 

And  the  interest  of  capital,  and  wear  and 
tear  of  apparatus,        ...    350 

SiaUng  the  total  annual  expense  of  the 
gas  Mparatus  about  -    600 

Tbmt  of  candles  to  give  the  same  light,  2000 
If  the  comparison  had  been  made  upon 
an  aTerage  of  three  hours  per  day, 
ioatead  of  two  hours,  (all  the  year 
round),  then  the  coat  from  gas  would 
be  only         ....    660 

Ditto  candles^  ...  3000 

The  peeoliar  softness  and  deamess  of  this 
lig^i,  with  its  almost  unvarying  intensity, 
aooo  brooffht  it  into  great  fiivour  with  the 
wotk-peopls.    And  its  bdng  free  fifom  the 


inconvenience  and  danger  resDlting  from  the 
sparks  and  frequent  snnfing  of  candles  is  a 
circumstance  of  material  importance,  tending 
to  diminish  the  hazard  of  fire,  and  iessentng 
the  high  insurance  premium  on  cotton.mi]k. 
The  cost  of  the  attendance  upon  candles  would 
be  fully  more  than  upon  the  gas  apparatus; 
and  upon  lamps  greatly  more,  in  audi  an 
establishment  as  Mr.  Lee*s.  The  preceding 
statements  sre  of  standard  authority,  far  above 
the  suspidon  of  empiricism  or  exaggeration, 
from  which  many  subsequent  statemenM  by 
gas  book  compilers  are  by  no  means  exempt: 

At  the  same  manufactory,  Dr.  Henry  has 
latdy  made  some  useful  experiments  on  the 
quality  of  the  gas  disaagaoed  from  the  same 
retort  at  different  periods  of  thedeoompodtion. 
I  liave  united  in  thcfdlowing  table,  the  chief 
part  of  his  results.  He  collected  in  a  bladder 
the  gss,  itissued  from  an  orifice  in  the  pipe, 
between  the  retorts  and  the  tar  pit ;  and  pn* 
rifled  it  afterwards  by  agitation  in  contact  of 
quicklime  and  water.  Ten  cwt  or  1 120  lbs. 
of  cod  were  contained  in  the  retorts. 
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Dr.  Henry  oonedves  that  oas  to  have  the 
gnalest  tUnminatmc  power,  whidi,  in  a  given 
vduno,  conflQmes  me  largest  quantity  of  oxy- 
gn;  and  diat  hence  the  gaa  Mcanodoodls 
flne4hird  better  than  the  gaa  from  common 
eoiL  3600  cnfaic  feet  of  gas  woe  coUeeted 
i^  1120  pounds  of  the  cannd  cod;  and 

'  r  3000  firam  the  same  weight  of  the  CUfton 


:!' 


Fnol  the  preceding  iaUe  we  see  also,  that 
diegM  wlndi  ianes  at  the  third  hour  contains, 
ittilfO  psrts,  of  sulphuretted  hydrogen  and 
CMbeaie  add,  eadi  24,  of  asote  4),  defiant 
gas  Mi,  and  of  other  inflammable  gases  76 
ports. 

A  cable  foot  of  carbonic  add  wdghs  800  gr. 


A  cubic  foot  of  sulphuretted  hydrogen  weighs 
690.  The  first  takes  about  1026  0r.  of  lime 
for  ita  satufBdon;  die  second  ahtfut  1070; 
and  hence  1050,  the  qoantityassifped  by  Dr. 
Henry  for  dther,  is  suflidently  exacL  100 
cubic  feet  of  the  above  impure  gas,  cantaining 
6  cubic  feet  of  these  two  gaaea,  will  sequire  at 
Ic^t  2100  grains  of  lime,  or  about  6  os.  avob- 
dupds  for  thdr  complete  condensation. 

The  proportkm  employed  by  Mr.  Lee  is,  5 
pounds  of  fresh  burned  lime  to  200  cubic  feet 
offlas.  The  lime,afier  bdng  slaked,  is  sifted 
and  mixed  with  a  cuUc  foot  (7.48  wine  gaL^ 
Ions)  of  water.  This  quantity  of  cream  of 
Hme  is  adequate  to  the  ordinary  purification 
of  thegas.    Yet  it  will  stUl  dightly  darken  a 
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cm\,  coated  with  moistened  white  lend.  A 
iecond  exposure  to  lime  makes  it  aheohitdy 
pure. 

Measure*.  Oxygeu.    Carb.ac. 

100  crude  gas,  consume  190     give  108 

100  gas,  once  washed,  175             1 00 

100  do.  twice  washed,  175             100 

What  is  separated  by  the  fimt  washing  is 
probably  vapour  of  bitumen  or  petroleum, 
wbieh  would  injure  the  pipes  by  its  deposi- 
tion, more  than  it  would  profit  by  any  in- 
creased quantity  of  light.  Though  we  thus 
see  that  the  second  washing  in  the  above  ex- 
periment condensed  none  of  the  olefiant  gas, 
it  is  prudent  not  to  use  unnecessary  agitation 
with  a  large  body  of  water. 

The  carbonate  of  lead  precipitated  from  a 
cold  solution  of  the  acetate,  by  carbonate  of 
ammonia,  washed  with  water,  and  mixed  with 
ft  little  of  that  liquid  into  the  consistence  of 
cream,  is  well  adapted  to  the  separation  of 
sulphuretted  hydrogen  from  coal  gas.  The 
carbonic  add  may  then  be  withdrawn  from 
the  residuary  gas,  by  a  little  water  of  potash. 
W'^c  nmut  now  determine  the  azote  present, 
which  is  easily  done  by  firing  a  volume  of  this 
gas  with  tlirlcc  its  volume  of  pure  oxygen. 
Wliat  remains  after  agitation  with  water  of 
pot&ih,  is  a  mixture  of  azote  and  oxygen. 
Kxplode  it  with  hydrogen ;  one-third  of  the 
diminution  of  volume  shows  the  oxygen ;  the 
rest  is  azote.  We  have  now  to  eliminate 
three  quantities,  viz.  the  volume  of  defiant 
gas,  that  of  common  carburetted  hydrogen, 
and  that  of  carbonic  oxide.  Mr.  Faxaday  has 
proved  that  chlorine  acts  pretty  speedily  on 
the  second  species  of  carburetted  nydrcgen, 
and  therefore  it  cannot  be  employed  with  the 
view  of  condensmg  merdy  the  first  species. 
In  contact  with  moisture,  chlorine  acts  also 
rapidly  on  carbonic  oxide,  giving  birth  to  mu- 
riatic and  carbonic  adds.  If  we  be  thoefore 
d^rivud  of  all  known  means  of  chemkai  eli- 
mination, we  shall  find  a  ready  and  sucoessM 
resource  in  the  doctrines  of  specific  gravity. 
In  any  mixture  of  two  solids,  two  liquids,  or 
two  gases,  whose  specific  gravities  are  known, 
it  is  eoMf  to  infer  ftom  the  specific  gravity  of 
the  conoipond  (when  the  mixture  is  effected 
without  ctenge  of  volume)  the  relative  weigjhts 
of  the  two  voDstituents.  Thus  if  we  ftpply  to 
an  alloy  of  gold  and  zinc  the  old  problem  of 
ArcbioMdes,  we  shall  deteimfaie  exacUy  the 
propoduK  of  each  metal  present,  because  the 
volume  of  the  alloy  is  very  nearly  the  sum  of 
the  volumes  of  its  ingredients.  I  have  looff 
applied  this  problem  to  gaseous  mixtures,  and 
found  it  a  very  convenient  means  of  verifica- 
tion 00  many  occasions,  particularly  in  exa- 
mhiing  the  nature  of  the  residuary  air  in  the 
Inngs  of  the  galvaniied  criminal,  of  whit^  an 
account  is  given  in  the  12th  Number  of  the 
Journal  of  Science. 


PaoBLEfti. — In  IWmeasurttttf  mixed  ffttcf^ 
consUting,  for  erampk^  of  okfimtt  ^^w,  r<tr. 
honic  oxide^  and  tubcarhuretied  hydrogen^  in 
unknown  proporttom^  to  determine  the  quau. 
iity-  of  each.    The  first  stc|>  is  to  find  the 

rntity  of  the  two  denser  gases,  which  have 
same  specific  gravity  =  0.97^90. 

Rule.— Multiply  by  100,  the  diffocnc? 
between  the  specific  gravity  of  the  mixture 
and  that  of  the  lighter  gas.  Divide  that  num- 
ber, by  the  sum  of  the  differences  of  the  sp.  gr. 
of  the  mixture*  and  that  of  the  denser  and 
lighter  gas ;  the  quotient  is  the  per'4xitiaffe 
of  the  denser.  See  GregoryU  Mechanic*, 
voL  L  p.  3G4. 

Example.— A  mixture  of  olefiant  gas, 
carbonic  oxide,  and  subcarbnrettcd  hydrogen, 
hasasp.gr.  of  0.638. 

What  is  the  proportion  pfr  cemi,  of  the  first 
two? 

Sp.  gr.  of  subcarK  hydrogen  la  0.555; 
0.088—0.555=0.083.-.  100  X  0.083=83 

ft  iMfl  difference  0.334  „,„  _  ^  . ,, 
2;^  difference  0.083  "^  -  ^'^^^ 

And  ~~  =  20  =  volume  of  the  two  heavier 
gases;  and  therefore  there  arc  80  of  tlie 
lighter  gas.  Hence,  having  fired  the  whole 
widi  oxygen,  wc  must  aUow  IGO  of  oxygen, 
for  saturating  the  80  measures  of  the  subcar- 
burettcd  hydrogen.  Then  let  us  suppose  35 
cubic  inches  more  oxygen  to  have  been  con- 
sumed. We  know  that  the  saturating  power  of 
olefiant  gas,  and  of  carbonic  oxide  with  oxygen, 
is  in  the  ratio  of  3  to  0-5.     Therefore,  the 

quantity  of  olcf.  gas.  =  — ^_^^  =  ri  - 
10  measures. 

Wc  see  now,  that  a  gas  of  sp.  gr.  0.C38 
consists  of 
0-8  measures  subcarb.  hydrogen  =    0-444 
0.1      do.      olefiant  gas  ==    0.OO7 

0.1      do.      carb.  oxide  =    0.097 


0-038 


For  iiirther  details,  see  Gas. 
Dr.  Henry  gives,  at  the  end  of  his  experi- 
mencs,  (ManchiBster  Memoirs,  voL  iii  SMond 
•criesX  iome  hynothedcil  leptcseotBtioDa  of 
the  oonstioitioii  or  coal  gaaes,  in  one  of  which 
heaaaigna,  2  of  carburetted  hydsogen, 
2  of  carbooic  oxide, 
and  15  of  pure  hydrogen,  in  16|  mea- 


With  mixtures  oi  thrm  gaseovs  bodies, 
the  problem  of  diminating  the  proportioQ  at 
the  constituents  by  explosion  with  oxygen, 
becomes  com^ex,  and  several  hypotfeiecica] 
pniportkms  nuy  be  proposed.  Bat  I  can 
hardly  imagine^  that  pure  hydn^sn  should 
be  dnengagied  from  ignited  eoaL  There  i* 
no  vkdation  of  the  doctrine  of  multiple  pen- 
portions,  in  eonoetving  a  componnd  to  cxis*. 
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in  vbldi  three  or  mare  atoms  of  hydrogen 
mj  be  united  with  one  of  cubon.  BerthoL- 
let's  experiments  render  this  view  highly  pro- 
bable. If  the  above  bypothedcal  numbers 
verealteredto  1.6;  3.4;  and  16;  their ac- 
coidancs  with  Dr.  Uemy'e  experiments  would 
be  iiDprovcd.  Now,  this  is  a  considarable  la- 
titude of  adjustment. 

The  jDrinciples  laid  down  at  the  oommence- 
ment  of  das  mide  show,  that  the  more  uni- 
fonnly  the  eoal  undergoes  igneous  decx>mpoei- 
tioo,  die  lidwr  is  the  gas.  The  retorts,  if 
Cjrlindried,  should  not  exceed,  therefore,  12 
or  14  inches  diameter,  and  six  or  seven  feet  in 
length.  Compressed  cylinders,  whoee  length 
is  4|  ftet,  brsadch  2  feet,  and  inside  verUcal 
diimeter  about  10  inches,  have  been  found 
(0  answer  weO  at  Glasgow.  The  cast  iron  of 
vhich  th^  are  composed  must  be  screened 
ima  the  dSrect  impulse  of  the  fire  by  a  case 
oinrdnHXa 

On  the  maximum  quantity  of  gas  procurable 
ftam  ooal.  It  is  dilBeult  to  acquire  salisfiictory 
infonoation  at  lAn^  great  gw  establishmentB. 
£xiggaation  seems  to  be  the  prevailing  foible. 
Mr.  Aocum  gives  the  following  tables,  as  the 
naTTmnm  rnults  of  his  own  experiments, 
iDKle  at  the  Royal  Mint  gas  works:— 

One  chaldron  =  27  cwt  of  ooal  pioduccB, 

Cubic  fleet 
ofgai. 

Sootdieannelooal,  19.89e 

imoahiie  Wigan  cannel,  ld.60« 

YorUme  camnel,  Wakefield,  18.800 

Stdndshire  coal.  Est  vsxiety,  9*748 

B7experim.atl  2d    do.  10.223 

BiiBhieMi  >  3(1    ^'  '    10.866 

gn-wvks,    3  4ch  do.  9-796 

OIoBceMeiduR  eoal.  High  Deiph,  16.58i 

do.                 Low  Bdph,  12.852 

da                Middle  Ddph,  12.096 

Korcutk  coal.  Hartley,           .  16.120 

Cowper's  High  Main,  lfi.876 

Taafield  Moor,  16.920 

Pcmtopa,           •  15.118 

The  ftHoving  varieties  of  coal,  according 
It  Mr.  Aecum,  contain  a  less  qusntity  of  bfr> 
^meo,  and  a  laq^  qantity  of  carbon  llian 
tkepfsEcdii^  They  soften,  swdl,  and  cake 
« the  fixe,  nd  aie  veB  ealcvlated  for  the  pro- 
^octiaBofcsnlgBf— . 

One  clialdnm  produces, 
NevcMt]eooaI,Ri]aBel'sWaU*B.«od,    16^6 
BewicheandCMStor^s 

WaU's.flnd,  16.897 

Hoaton  Mmu,  15.876 

W.096 

9.600 

rMain,  8.848 


tioo  of  a  ictort-cfaaioe  of  one  cwt.  various 
opinions  are  maintamed.  Mr.  Peck8ton*8 
experiments  at  the  Oas-light  and  Coak  Com- 
pany's works,  Westminster  station,  seem  to 
prove,  that  dedded  advantages  attend  the 
continuance  of  the  process  for  ci^t  hours,  in 
preference  to  six,  or  any  shorter  period.  The 
average  product  of  gas,  from  one  chaldron  of 
Newcastle  coals,  at  rix  hours*  charges,  he 
states  at  8300  cuUc  feet,  and  at  thoseof  eight 
hours,  at  10,000.  On  76  retorts  worked  for 
a  week  at  the  latter  rate,  he  gives  a  statement 
to  prove,  that  there  is  a  saving  of  £77*  18s. 
above  the  former  rate  of  working.  Two  men, 
eoe  by  di^»  and  one  by  night,  can  attend  nine 
or  ten  retorts,  at  eight  hour  diarges,  of  100 
pounds  of  ooal  each. 

Seotch  eannel  yields  its  gM  most  readily , 


or  .  •  • 

Newcastle  eoal, 
Gloucester  Low  Delph,     ^  • 
Newcastle,  Brown's  WalPs-end, 
Warwickshire, 


Bleydi* 
EMm 


1-00 
1*M 
108 
M8 
1-65 


CeoeeniBg  the  duraHon  of  the  decomposi- 


Hence,  tha  latter  kmds  afford  good  gas,  long 
after  the  ibrmer  are  exhausted. 

The  Allowing  table,  by  Mr.  Pecfcston,  ex- 
hibits  the  ratio  at  which  the  gas  is  evolved 
fiom  Bewicke  and  Creator's  Wall*s-end, coal, 
when  the  retorts  are  worked  at  eig^t  hours* 
charges:— 

CubiofiBet.    Sum. 
During  the  let  hour  are  ge- 

nerated,  2000 

2d,  1496  3495 

3d,  1387  4882 

4th,  1279  6161 

5th,  UB9  7350 

0th,  991  8341 

7tk,  884  9225 

8th,  776     10000 

We  have  aiseedy  explauied  the  principles 
efpnril^ggasbymilkoflime.  But  previous 
to  Its  agkitfion  with  that  liquid,  it  should  be 
made  to  tnverse  a  series  of  reflrigeralory  pipes 
onbmened  under  oold  water.  A  va«  variety 
of  appttatus,  some  very  inoenious,  but  many 
abaurd,  have  been  contrived  within  these  few 
yean,  for  exposing  gas  to  lime  hi  tHe  liquid  or 
diystate.  Mr.  Aocum  and  Mr.  IMekston  have 
been  at  much  p^  in  deseribmg  several  of 
them.  The  gMuhoUer  is  now  genenlly  pre- 
ferred of  a  cylindrical  shape,  like  fli  immense 
drum,  open  at  bottom;  and  fiat,  or  sUghdy 
oonical  at  top.  The  diameter  is  ftom  83  to 
45  ibet  m  the  large  establishments,  and  the 
height  from  16  to  24.  The  average  capadty 
JTfrom  15*000  to  20*000  cubic  feet  It  ia 
guspeoded  in  a  tank  of  water  by  a  strong  iron 
diain  fixed  to  the  centre  of  its  summit,  which, 
passing  wmnd  a  pulley,  bears  the  counter- 
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weight.  When  totally  immened  in  water,  the 
sheet.iron,  of  which  the  gaa-holder  u  com- 
posedjofics  hydrostatically  about  two-fifteenths 
of  its  weight ;  or  if  equipoised  when  immersed, 
it  becomes  two-fifteenths  hearier  when  in  air, 
minus  the  buoyancy  of  the  included  gas.  The 
mean  up.  gr.  of  weU  purified  coal-gas  by  I>r. 
Henry^s  late  experiments  may  be  coknputed  at 
0676,  to  air  called  1-000;  or  in  round  num. 
bers,  its  density  may  be  reckoned  two-thirds  of 
th  at  of  air.  One  cubic  foot  of  air  weighs  527 
gr.,  one  aibicfoot  of  gas  weighs  351  gr. ;  the 
difference  is  176  gr.  Hence,  40  cubic  feet 
have  a  buoyancy  of  one  pound  avoirdupois. 

The  hydrostatic  compensation  is  obtained 
by  makipg  the  weight  of  that  length  of  the 
suspending  chain  which  is  between  the  top  of 
the  immened  gasometer  and  the  tangential 
point  of  the  pulley-wheel,  equal  to  one-jifteenth 
the  weight  of  the  gasometer  in  pounds,  minus 
its  capacity  in  cubic  feet,  divided  by  twice  40, 
or  80.  Thus,  if  its  weight  be  4  tons,  or  8960 
lbs.,  nnd  its  capacity  15000  cubic  feet,  a  length 
of  diain  equal  to  the  height  of  the  gasometer, 
or  to  its  vertical  play,  should  weigh  597  Ihs., 
without  allowing  for  buoyancy.  In  this  case, 
the  gasometer,  when  out  of  water,  would  have 
the  buoyancy  of  that  liquid,  replaced  by  the 
passage  of  these  597  Ihs*  to  the  opposite  side 
of  the  wheel-pulley,  so  that  twice  that  weight 
=1 194  lbs.  would  then  be  added  to  the  con. 
stant  counterpoise.  When  the  gasometer  again 
sinks,  and  loses  its  weight  by  the  displacement 
of  the  liquid,  successive  links  of  the  chain 
come  over  above  it,  augmenting  its  weight, 
and  diminishing  thatof  Uie  counterpoise  by  a 
twofold  operation,  as  in  taking  a  weight  out  of 
<me  scale,  and  putting  it  in  the  other. 

But  we  must  now  introduce  the  correction 
for  the  buoyancy  of  the  combustible  gas.  In 
ordinary  cases  we  must  regard  it  as  holding  a 
portion  of  petroleum  vapour  diffused  throi:^ 
it,  and  cannot  fairly  estimate  its  sp.  gravity  at 
less  than  0-750 ;  whence  nearly  50  cubic  feet 
have  a  buoyancy  of  one  pound  over  the  same 
bulk  of  atmosplKric  air.  If  we  divide  15000 
by  50,  the  quotient  =  300  is  the  double  of 
what  must  be  deducted  in  pounds  weight  from 
the  hydrostatic  oompenaation.  ThuaM7  — 
150  =  447,  is  the  weight  of  the  above  portion 
of  chain.  When  the  gasometer  attains  its 
greatest  ellvation,  these  447  lb«.  hang  on  the 
opposite  aide  of  the  wheel,  constituting  an  in- 
eroised  eounterpoise  of  twice  447=894,  to 
whidi,  if  we  add  the  total  buoyancy  of  the  in- 
cluded gn  =  300  lbs.  we  have  the  sum  1 194, 
equal  to  the  total  increase  of  the  weight  of  the 
iron  vessd  on  its  suspension  in  air. 

Hie  principles  of  i^  distribution  of  gas  ore 
exhibited  m  the  following  uble  given  by  Mr. 
Peekston.  The  gaa-huder  is  worked  at  a 
pressure  of  one  vertical  inch  of  water,  and 
eadi  aigand  burner  coDsmnes  five  cable  feet 
per  hour. 
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The  following  statement  is  given  by  Mr, 
Accum.  An  axgand  burner,  which  measures 
in  the  upper  rim  half  an  inch  in  diameter  be- 
tween the  holes  from  which  the  gas  issues, 
when  fiimished  with  five  apertures  1.25th  part 
of  an  inch  diameter,  consumes  two  cubic  feet 
of  gas  in  an  hour,  when  the  gas  Bxoe  is  one 
and  a  half  inch  high.  The  illuminating  power 
of  this  burner  is  equal  to  three  tallow  candles 
eight  in  the  pound. 

An  argand  burner  three-fourtiis  of  an  inch 
in  dinneter  as  above,  and  perftnrated  with  holes 
1.30th  of  an  indi  diameter  (what  nnmber  ? 
probably  15)  consumes  three  cubic  feet  of 
gas  in  an  hour,  when  the  flame  is  2i  inches 
high,  giving  the  light  of  four  candles  eight  to 
the  pound.  And  an  argand  burner  8even.eighths 
of  an  inch  diameter  as  above,  perforated  with 
18  holes  l-32d  of  an  inch  diameter,  consumes, 
when  the  flame  is  three  indies  high,  four  cubic 
feet  of  gaa  per  hoar,  producmg  the  li^t  of  ox 
tallow  candles  eight  to  the  pound,  looeased 
lenfftfa  of  flame  makes  imperfect  combustion, 
and  diminished  intensity  of  light  And  if  the 
holes  be  made  larger  than  l-25th  cX  an  inch, 
the  gas  is  incompletely  burnt.  The  hei|^t  of 
the  glass  chfanney  should  never  be  less  than 
five  inches. 

The  aisand  burner,  called  No.  4,  when 
burnt  in  shops  from  sunset  tiU  nine  oVIock, 
is  charged  diree  pounds  a-year.  The  diameter 
of  its  circle  of  holes  is  five.eighths  of  an  inch, 
and  of  each  hole  1.82d  of  an  indi.  It  » 
drilled  with  12  hoka,  5^9da  of  an  inch  fi^ 
the  centre  of  one  to  the  centre  of  another. 
Height  of  this  burner  1|  inches. 

No.  6.  argand  burner.     15  apertures  ^ 
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l-39d  of  an  indi ;  dwkneter  of  their  dicle 
dnee-lburtlii  of  an  indi;  haight  of  burner  two 
iochea:  churge  per  annum  four  gnineaa. 

Aoooiding  to  Mr.  Aeeum,  one  gaa  lamp, 
coD8uinlng4  euUc  feet  of  gaa  in  an  hour,  if 
situated  20  feet  diatant  fiom  the  main  which 
•nppliea  the  gaa,  retimes  a  tube  not  leas  than 
a  quarter  of  an  inch  in  the  boK ;  Sl.lampe,  3  fbet 
distance,  require  a  tube  diree-eighths  of  an 
inch ;  3  hunpa,  SO  feet  distance,  require  a 
tube  three-eighths;  4  lamps,  at40  feet,  one- 
half  inch  bore;  kO  lamps,  at  100  feet  distance, 
require  a  tube  three-fourths  of  an  hidi;  and 
20«  150  feet  distant,  1^  inch  bore. 

We  hare  seen  that  tlie  aTerage  product  in 
London  from  I  nound  of  coal  in  8  hours,  is 
SI  cubic  ibet  in  the  Glasgow  coal  gaa  esta. 
tifiahnient,  whidi  is  conducted  by  engineers 
skilled  in  the  prindplea  of  chemistry  and  me. 
dinnics,  fbUy  4  cuUc  feet  of  gas  are  extncfaed 
from  every  pound  of  coal  of  the  spleot  Vind  in 
4  hour  charges,  from  retorts  containing  eadi 
120  Iba.;  iHiich  ia  about  two-thirda  of  their 
capacity.  The  decompoalng  heat  ia  much  the 
aame  as  that  used  in  London,  but  the  retorts 
are  compressed  cylinders,  a  little  concaye  be- 
low. Hence  in  8  hours,  fully  double  the 
London  quantity  of  gas  is  obtained  from  a 
retort  in  Glasgow. 

An  ingenious  pupil  of  mme,  lately  enu 
ployed  by  a  projected  gas  company  in  Olas^ 
«»w  toTisit  the  principal  factories  of  gas  in 
Ellwand,  made  a  series  of  accurate  experi. 
ments  on  its  illuminating  quality  in  the  difier- 
cnt  town^  For  this  puipose,  he  carried  along 
with  him  a  mould  candte,  six  in  the  pounc^ 
and  a  single-jet  gas»noszle.  By  attaching  this 
to  a  pas-pipe,  and  producing  a  flame  St  de- 
tennmste  length,  (three  inches),  he  could 
then,  by  the  method  of  shadows,  compare  the 
flame  of  the  gaa  with  that  of  his  candle,  and 
ascertain  their  reUtive  proportions  of  Ught. 
He  found  tliatthe  average  illuminating  power 
of  tlie  gas  in  die  English  establishments,  was 
10  that  of  the  Glasgow  company  as  four  to 
five ;  the  worst  being  so  low  as  three  to  fire, 
sod  the  best,  as  five  to  six.  If  we  therefore 
mohiply  this  ratio,  into  the  double  product 
of  gas  obtained  in  tlie  Glasgow  sas-work,  we 
ihiol  have  the  proportion  of  lig^t  generated 
hoe,  and  in  London,  ftom  an  equal.siscd  re- 
tort,  in  an  equal  time,  as  100  to  40.  This 
remit  merits  endie  confidence.  In  the  sequel 
of  the  article  Light,  in  this  Dictionary, 
initructions  wiU  be  given  how  to  calculate 
the  relative  illuninating  powers  of  different 
flames. 

When  Ae  tar  is  passed  through  ignited  iron 
pipes,  it  yields  ftom  10  to  15  cubic  feet  of  gas 
pa  pound.  The  deposit  of  refractory  asphal- 
tam,  however,  is  very  apt  to  obs^ct  the 
pipes;  and  the  light  affinded  is  perhaps  of 
imerior  quality.  Hence  tar  is  decomposed  in 
very  few  establishments 

The  film  of  petroleum,  which  floats  on  the 


water  of  the  gasometer  tank,  and  that  pro-- 
cured  from  tlM  tar  by  distiUatwn,  have  been 
used  instead  of  oil  for  street-lamps.  The 
lamp  fountain  is  kept  on  the  outside  of  the 
glass  lantern^  and  the  flame  is  made  small, 
to  prevent  an  ezplooion  of  the  vaporized 
naphtha. 

1430  lbs.  of  tar  by  boiling  yield  nine  cwt. 
of  good  pitch.  From  a  chaldron  of  Newcastle 
coal  about  200  lbs.  of  amrooniacal  liquor  are 
obtained ;  a  sdlutkin  chiefly  of  the  carbonate 
and  sulphate.  The  strongest  liquor  comes 
from  the  caking  coal.  A  gallon,  or  8^  lbs. 
usually  requirea  for  saturation  from  fifteen  to 
sixteen  ounces  of  oil  of  vitriol,  sp.  gr.  1-84. 
To  obtain  subcarbonate  of  ammonia,  126  lbs. 
of  cakhied  gypsum  in  -fine  powder  are  added 
to  108  gallons  of  the  ammoniacal  liquor.  The 
mixture  is  stirred,  and  the  cask  containing 
it  is  then  closed  for  three  or  four  hours. 
Sixteen  ounces  of  sulphuric  add  are  now 
mixed  in ;  and  the  whole  allowed  to  remain 
at  rest  for  four  or  six  hours.  The  supernatant 
sulphate  of  ammonia  is  next  evaporated  till  it 
crystallize.  One  hundred  weight  of  the  dry 
crystals  is  mixed  with  about  their  weight  of 
diy  chalk  in  powder,  and  sublimed  from  a 
cylindrical  ism  retort  into  a  barrel-shaped 
receiver  of  lead.  A  charge  of  120  lbs.  of  the 
mixture  is  usually  decomposed  in  the  course 
of  twenty-fbur  hours*  One  hundred  weight 
of  dry  sulphate  of  ammonia  is  said  to  produce 
from  sixty  to  sixty-five  pounds  of  solid  sub- 
carbonate  of  ammonia.  If  the  sulphate  of 
ammonia,  miud  with  common  salt,  is  exposed 
to  a  subliming  heat,  sal  ammoniac  is  obtained. 
For  Oil  Gas,  see  Oil. 

COATING,  or  LORICATION.  Cbaptal 
recommends  a  soft  mixture  of  marly  earth,  first 
soaked  in  water,  and  then  kneaded  with  fresh 
horse-dung,  as  a  very  excellent  coating. 

The  valuable  method  used  by  Mr.  WiUis 
of  Wapping  to  secure  or  repair  his  retorts 
used  in  the  distillation  of  phosphorus,  deserves 
to  be  mentioned  here.  The  retorts  are  smeared 
with  a  solution  of  borax,  to  which  some  slaked 
lime  has  been  added,  and  when  dry,  they  are  • 
again  smeared  with  a  thin  paste  of  aUInd 
lime  and  linseed  oiL  This  pasie  being  made 
domewhat  thicker,  is  applied  with  success, 
during  the  distillation,  to  mend  such  retorts  as 
crack  by  the  fire. 

COBALT.  A  brittle,  somewhat  soft,  but 
difficultly  funble  metal,  of  a  reddiihh  grey 
odour,  of  little  lustre,  and  a  sp.  gr.  of  66. 
Its  melting  point  is  said  to  be  13Q9  Wedge, 
wood.  It  is  generally  associated  in  its  ores 
with  nickel,  arsenic,  iron,  and  copper;  and 
the  cobalt  of  commerce  usually  contains  a 
proportion  of  these  metals.  To  separate  them, 
calcine  with  4  part*  of  nitre,  and  wash  away, 
with  hot  water,  the  soluble  arseniate  of  potash. 
Dissolve  the  reuduum  in  dilute  nitric  acid*  and 
immerse  a  plate  of  iron  in  the  solution,  to 
predpitiitc  the  copper.    Filter  tlie  liquid,  and 
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evupoxBte  to  dtynew.  Digest  the  imm  irhh 
water  of  ammonis,  which  will  dlMdve  only 
the  oxides  of  nickel  and  eobalt.  Having  ex«* 
pelled  the  excess  of  alkali  hf  a  gentle  heal 
iroin  the  dear  ammoniaca]  sdlotioii,  add  cau- 
tkMisIy  water  of  potash,  which  will  pvedpfHate 
the  oxide  of  nickel.  Filter  immeduitdj,  and 
boQ  the  liquid,  which  will  throw  down  the 
pure  oxide  of  cobalt.  It  is  reduced  to  the 
metalfic  state  by  ignition  in  contact  widi 
lamp-black  and  oiL  Mr.  Launer  treats  the 
above  aimnoniacal  solution  with  oxalic  add. 
He  then  ledissolves  the  predpitated  oxabtei  of 
nickd  and  eobalt  in  concentrated  water  of 
ammonia,  and  exposes  the  solution  to  the  air. 

^  As  the  annmonla  exhales,  oxalate  of  nickel, 

mixed  with  ammonia,  is  depodted.  Themckel 
is  entirelj  separated  from  Ae  liquid  by  re- 
peated crystallisations.  There  remains  a  com- 
bination of  oxalate  of  cobalt  and  ammonia, 
which  is  easily  reduced  by  duMoal  to  the 
metallic  state.  The  small  quantity  of  cobalt 
vemainfaig  in  the  predpitated  salt  of  nickd,  is 
separated  by  digestion  in  water  of  ammonia. 
Cobalt  is  susceptible  c^  magnetism,  but  in 

'  a  kuwer  degree  than  sted  and  nidtd. 

Oxygen  combines  with  cobalt  in  two  pro- 
portions; forming  the  dark  blue  protoxide, 
and  the  black  deutoxide.  The  first  dissolves 
in  adds  without  dPervescence.  It  is  procured 
by  igniting  gently  in  a  retort  the  oxide  pred* 
pitated  by  potaah  from  the  nitric  ^solution. 
rroust  says,  the  first  oxide  connsts  of  100 
\  metal  -|-  19.8  oxygen ;  and  Rothoff  makes  the 
^  composition  of  the  deutoxide  100  +  30.77. 
If  we  call  the  first  18.(>,  and  the  second  37> 
then  the  prime  equivalent  of  cobalt  will  be 
5.4 ;  and  the  two  oxides  will  condst  of 

5      Cobalt,    5.4       100        84.98 
I     Oxygen,  1.0      las       1&63 


Protox. 


Deutox. 


loaoo 

(      Cobdt,    5.4  100  73 

i     Oxygen,  2.0         37  27 

100 

The  predpitated  oxide  of  cobalt,  washed 
and  gently  heited  in  contact  with  air,  passes 
into  the  state  of  black  peroxide. 

When  cobalt  is  heated  in  chlorine,  it  takes 
fire,  and  forms  the  chloride.  The  iodide, 
phosphuret,  and  sulphuret  of  this  metal,  have 
not  bed  much  examined. 

The  salts  of  cobalt  are  hiteresting  ftom  the 
remarkable  changes  of  colour  widch  they  can 
exhibit 

Their  solution  is  red  in  the  neutrd  state, 
but  green  with  a  dight  excess  of  add ;  the 
alkalis  occasion  a  blue-cokmred  predpitate 
from  the  salts  of  pure  cobalt,  but  reddish, 
brown  when  arsenic  add  is  present;  sulphu- 
retted  hydrogen  produces  no  predpitate,  but 
hydrosuiphurets  throw  down  a  black  powder, 
sduble  in  excess  of  the  predpitant;  tincture 


of  odls  fiives  a  ydtowidi^wfaite  pi^diilale^ 
flsaUe  aoU  thotows  down  the  nd  osalaie; 
Zinc  does  not  predpitate  this  metal* 

The  sidphate  is  Rirmed  by  boiling  snlpburie 
add  on  the  metal,  or  by  dissolving  the  eaudc 
in  the  add.  By  evapoeatien,  the  sdt  nny  be 
ebtabed  In  adcnlar  rfaomb<^dal  pdaDia  of  a 
leddish  colour.  Then  sn  insoinble  in  ako* 
hd,  but  soluble  in  84  parts  of  water.  It 
oonsista,  by  the  andyds  of  Bochols,  dt-^ 

ExperU  Theorjf, 

Add,  26    or  1  prime  5.0        94.4 

Phitaxide,       30         1  da.      &4        81.4 
Water,  44         8  do.      ».  44.S 

100  20l4 

See  Salt. 

The  nitrate  forms  prismatic  red  ddiqacKent 
crystals^  It  is  decomposable  by  gmHe  %• 
aitkm.  The  muriate  is  easUy  fofmed  by  dis- 
solving the  oxide  in  muriatic  add.  The  neo* 
tnd  solution  is  blue  when  concentrated,  and 
red  when  diluted;  but  a  slight  excess  of  *dd 
makes  it  green.  Aeooiding  to  Elapvotli,  a 
solution  of  the  pore  muriate  finms  a  sympa* 
thetic  ink,  whose  traces  become  Uue  when  the 
paper  is  heated;  but  if  the  salt  be  eontammatad 
with  iron,  llie  traees  become  green.  I  find 
that  the  addition  of  a  little  nitimie  of  copper  to 
the  solution  forms  asympadieticink,  whidi  by 
heat  gives  a  ridigreeirish-ydlowooknr.  Wlien 
a  snudl  quantity^muriate  of  soda,  of  magneata^ 
or  of  Ume,  is  added  to  the  ioJc,  its  teaees 
disappear  very  speedily  on  removal  from  the 
fire;  showing  that  &e  vivid  green,  bine,  or 
ydlow  odour,  is  owing  to  the  concentration  of 
the  saline  traces  by  heat,  and  their  diatp- 
pearance,  to  die  rcabsorptton  of  mdsture.  At 
a  red  heat,  the  greater  part  of  the  muriate 
sublimes  in  a  grey-cdoured  diloride.  The 
acetate  forms  a  sympathetic  ink,  whose  traces 
bdng  heated,  become  of  a  duU  bhie  odour. 
The  araenUte  of  odMdt  is  ibond  native  in  a 
fine  red  effloreseenoe,  and  in  crystals.  See 
Ores  of  Cobalt  A  cream-tartmte  of  cobalt 
maybe  obtained  in  large  rliomboidd  crystabi, 
by  adding  the  tartrate  of  potash  to  oobaltic 
solutions,  and  dow  evaporation.  An  amm». 
nia-nitrate  of  oobdt  may  be  formed  in  red 
cubical  crystals,  by  adding  anomoma  m  excess 
to  the  ttitiic  solution,  and  evaporating  at  a  very 
gentle  heat  They  have  an  urinoos  taster  and 
are  peimanent  in  the  air*  Oxide  of  oobdt 
does  not  appear  to  be  cs^pable  of  diasdving 
directly  in  ammonia,  and  a  combination  be- 
tween the  two  substances  can  take  pkce  only 
under  the  two  following  circumstances  i  1* 
Either  the  oxide  of  eobdt  combines  with  an 
add,  and  in  this  state  fonns  a  double  adt 
widi  the  ammonia,  which  is  also  combined 
with  the  same  acid ;  as  for  examf^  in  the 
carbonate  of  oxide  of  cdMdt  and  ammonia; 
nitrate  of  oxide  of  cobdt  and  ammonia,  &c ; 
or  2d,  when  the  proportion  of  add  is  insnlfi- 
dent  to  saturate  both  the  oxide  of  cobdt  and 
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the  ammonia*  If  the  abovg  ammnnixiJ  Ucpiidi 
previously  tatuxated  with  oxygen,  be  torn* 
initted  to  a  zapid  spontaneous  erapontkm,  it 
jrields  a  compound  of  ammonia  witn  nitric  tmd 
cobaltic  acids^  in  brown-coloured,  apparently^ 
four-aided  prisms,  with  square  bases*  Leopold 
Gmelin-    Annalt  of  FhiU  N.  S.  ix.  60* 

^he  red  oxalate  is  soluble  in  an  excess  of 
oxalic  acid,  and  hence  neutral  oxalate  (^potash 
U  the  proper  resgeot  for  precipitating  cobalt. 
The  phosphate  may  be  formed  by  double  de. 
composition*  It  is  an  insoluble  purple  powdei, 
which,  heated  along  with  eight  parts  of  gela- 
tinous alumina,  produces  a  beautiful  blue 
pigment,  a  subetimte  for  ultra-marine.  The 
colonring  power  of  oxide  of  cobalt  on  Titri- 
%aScAA  mixtures  is  greater  perhaps  than  that 
of  any  other  metaL  One  grain  gives  a  Ml 
blue  to  240  grains  of  glass.  Zafike  is  a  mix- 
ture of  flint  powda  and  an  impure  oxide  of 
cobalt,  prepeied  by -calcination  of  the  ores. 
Smalt  and  azure  blue  are  merely  cobaltic  glass 
in  fine  powder.    See  Glass. 

COB  ALUS.  The  demob  of  mines,  which 
obstructed  and  destroyed  the  miners.  The 
choicfa  serrice  of  (Germany  formerly  contained 
a  fonn  of  prayer  for  the  expulsion  oi  the  fiend* 
The  ores  of  the  preceding  metal  being  at  fintt 
mystetipus  and  intcactable^  were  nidmamed 
cobalt. 

CX)CCOLIT£.  A  mineml  of  a  green 
cdlonr  of  various  shades,  which  occurs  mas- 
sive; in  loosely  a^;regated  concretions ;  and 
crystallized  in  six-sided  prisms,  with  two  op- 
poute  acute  lateral  edges,  and  bevelled  on  the 
extremities,  with  the  bevelled  plains  set  on 
the  acute  lateral  edges;  or  in  four-sided 
prisma.  The  crystals  are  generally  rounded 
00  the  angles  and  edges.  The  internal  lustre 
is  vitreous*  Cleavage  double  oblique  an* 
gular.  Fracture  uneven.  Truisluceot  on  the 
edges.  It  scratches  apatite,  but  not  felspar. 
Is  brittle.  Sp.  gr.  3.3.  It  fuses  with  diifi- 
colty  before  the  blowpipe.  Its  constituents 
aie  silica  50,  lime  24,  magnesia  10,  alumina 
1.5,  oxide  of  iron  7,  oxi£  of  manganese  3, 
loss  4.5.     Vauqudxn, 

It  occurs  along  with  granular  limestone, 
garnet,  and  magnetic  ironstone,  in  beds  sub- 
ordinate to  the  trap  formation.  It  is  found  at 
Arcndal  in  Norway,  Nericke  in  Sweden, 
Barkas  in  Finland,  the  Harta,  Lower  Saxony, 
snd  Spain. 

COCCULUS  INDICXJS*  The  fruit  of 
the  maAgpermum  coccultUy  a  shrub  which 
grows  in  sand  amid  rocks  on  the  coasts  of 
Malabar,  and  other  parts  of  the  East  Indies. 
The  fruit  is  blackish,  and  of  the  size  of  a  large 
pea.  It  contains^  Ist^  about  one-half  of  its 
weight  of  a  concrete  fixed  oil ;  2(2,  an  albu- 
minous vegeto-animal  substance ;  3d,  a  pecu- 
liar colouring  matter;  4^  one-fiftieth  of 
j^croloxia  ;  lath,  one*>half  its  weight  of  fibrous 
matter }  (U/»,  bimalate  of  lime  and  potash ;  Jth, 
sulphate  of  potash ;  8//i,  muriate  of  potash ; 


9thy  phonhate  of  Ume;  10^, a  little  iron  and 
silica.  It  k  poisonous;  and  is  frequently 
employed  to  intoxicate  or  poison  fishes.  Thie 
deleterious  ingredient  is  the  Picrotoxia, 
which  see. 

COCHINEAL  was  at  first  supposed  to  be 
«  grain,  which  name  it  still  retains  by  way  of 
eminence  among  dyers,  but  naturalists  soon 
diaeoveted  that  it  was  an  insect.  It  is  farongbt 
to  us  from  Mexico,  where  the  insect  lives  upon 
dififerent  species  of  the  opuntia. 

Fine  cochineal,  which  has  been  well  dried 
and  properly  kept,  ought  to  be  of  a  grey 
colour  inclining  to  purple.  Hie  grey  is 
owing  to  a  pov^er  which  covers  it  naturally, 
a  part  of  which  it  still  retains:  the  purple 
tinge  proceeds  from  the  colour  extracted  by 
the  water  in  which  it  has  been  killed.  Cochi*. 
neal  will  keep  a  long  time  in  a  drv  place. 
Hellot  says,  that  he  tried  some  one  hundred 
and  thirty  years  old,  and  found  it  produce  the 
same  efiect  as  new. 

MM.  Pellctier  and  Caveotou  have  lately 
found  that  the  very  remarkable  coburing 
matter  which  composes  the  principal  part  of 
oodiineal,  is  mixed  with  a  peculiar  animal 
matter,  a  fat  like  common  fat,  and  with  dif. 
ferent  salts.  The  fat  having  been  separated 
by  ether,  and  the  residuum  treated  wiUi  boil- 
ing alcohol,  they  allowed  the  alcohol  to  cool 
as  they  gently  evaporated  it,  and  by  this 
means  they  obtained  the  colouring  matter; 
but  still  mixed  with  a  little  fat  and  animal 
matter.  These  were  separated  from  it  by 
again  dissolving  it  in  cold  alcohol,  which  left 
the  animal  matter  untouched,  and  by  mixing 
the  solution  with  ether ;  and  dius  predpitating 
the  cdouiiug  matter  in  a  state  of  great  purity, 
which  they  have  called  carminium*  It  melts 
at  122^  Fahr.  becomes  pufiy,  and  is  deconu 
posed,  but  does  not  yield  ammonia.  It  is 
very  soluble  in  water,  slighdy  in  alcohol,  and 
not  at  aU  in  ether,  unless  by  the  intermediation 
of  fat.  Adds  change  it  from  crimson,  first  to 
bri^t  red,  and  then  to  yeUow ;  alkalis,  and, 
generally  speakine,  aU  protoxides  turn  it 
violet ;  alumina  takes  it  from  water.  Lake  if 
composed  of  carminium  and  alumina.  Car- 
mine is  a  triple  compound  of  an  animal 
matter,  carminium,  and  an  acid  whidi  enlivens 
tlie  colour.  The  action  of  muriatic  acid  in 
changing  the  crimson  colour  of  codiineal  into 
a  fine  scarlet,  is  similar. 

Dr.  John  calls  the  red  colouring  matter 
cochenilin.    He  says,  the  insect  consists  of, 
CocheDilin,  50.0 

JeUy,  10.5 

Waxy  fat,  100 

Gdadnous  mucus,     14.0 
Shining  matter,  14.0 

Salts,  1.5 

100.0 

COFFEE.     The  seeds  of  the  cofai  arabica 
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an  <wntainfid  in  an  oval  kemd,  cndoaed  in  a 
pulpy  bcny,  somewhat  like  a  clicny.  The 
ripe  fruit  is  allowed  slightly  to  fietment,  by 
whidi  the  palp  is  more  easily  detached  (torn 
the  seeds.  These  are  afterwaids  washed, 
eaiefally  dried  in  the  son,  and  freed  from  ad- 
hering  membianes  by  winnowing.  Besides 
the  peculiar  bitter  principle,  which  we  have 
described  under  the  name  Co/Hn,  eoflbe  con- 
taina  several  other  vegetable  producta.  Ac- 
coiding  to  Cadet,  64  parte  of  raw  oofl^  ooosiat 
of  8  gum,  1  lesm,  1  extractive  and  bitter 
principle,  3.5  gallic  add,  0.14  albumen,  43A 
nbroua  insoluble  matter,  and  6.86  loss.  Her- 
mann  found  in  1920  grams  of 

Levant  Gofiee.        Mart.  Collbe. 
Resin,  74  68 

Extractive,         320  310 

Gum,  130  144 

Fibrous  matter,  1335  1386 

61  12 


1920  1920 

The  nature  of  the  volatile  i^agnnt  prin- 
ciple developed  in  coffee  by  roaatmg,  has  not 
been  ascertained.  Hie  Dutch  in  Surinam 
improve  the  flavour  of  their  coflS»  by  sus- 
|>eDding  bags  of  it,  for  two  years,  in  a  ^ 
atmosphere.    They  never  use  new  oofiee. 

Co^  is  dinretic,  sedative,  and  a  oonrector 
of  opium.  It  should  be  given  aa  medicine 
in  a  atroi^  infusion,  and  is  best  cM.  In 
apaimodic  asthma  it  has  been  particularly 
serviceable ;  and  it  has  been  recommended  in 
gangrene  of  the  extremities  arising  frem  hard 

SeeCAFEiN. 

COHESION,  or  attraction  of  cohesion,  is 
that  power  by  which  the  particles  of  bodiea 
are  held  together.  The  absolute  cohesiMi  of 
solids  ia  measured  by  the  force  necessary  to 
pull  them  asunder.  Heat  is  excited  at  the 
game  tfane  At  die  iron  cable  manufactory 
of  Captain  Brown,  a  cylindrical  bar  of  iron, 
l^  inch  diameter,  was  drawn  asunder  by  a 
force  of  43  tons.  Before  the  rupture,  the 
bar  lengthened  about  five  inches,  and  the 
secdon  of  fracture  was  reduced  nearly  three, 
eighths  of  an  inch.  About  thia  part  a  degree 
of  heat  was  generated,  which,  according  to 
Mr.  Barlow  of  Woolwich,  rendered  it  un- 
pleasant, if  not  in  a  slight  degree  painful,  to 
grasp  the  bar  in  the  hand.  The  same  thing 
is  shown  in  a  greater  degree  in  wire-drawing. 
When  the  force  is  appUed  to  compress  the 
body,  it  becomes  shorter  in  the  direction  of 
the  force,  which  is  called  the  compresnon; 
and  the  area  of  its  section  at  right  angles  to 
the  force,  expands.  The  cohesion,  calatlated 
from  the  transverse  strength,  is  as  near,  or 
perhaps  nearer,  the  real  cohesion,  than  that 
obtained  by  pulling  the  body  asunder.  The 
cohesive  force  of  metals  is  much  increased  by 
wire-dca«ing,  rolling,  and  hammering  them. 


In  the  eUboff«be  triikB  of  ooheaion  diawn  up 
by  Mr.  Thomas  Tiedgold,  and  paUiriied  in 
theSOth  voL  of  TiDoch'sMag^feJne,  diespecifie 
cohesion  of  plate  glaaa  (a  pretty  uoifoEm  body) 
is  denoted  by  unity. 

^  The  following  table  is  the  result  of  exp^ 
riments  by  George  Rennie,  jun.  Esq.  pub- 
lished in  the  first  part  of  the  Fhil.  TxanaBC- 
tions  for  181& 

Mr.  Rennie  fbund  a  cnUcal  indi  of  the 
ftdknring  bodiea  crushed  by  the  IbOowing 
weights:-- 

Acvr. 

Elm, 1884 

Amtficanpine,  190B 

White  deal,  ....        19M 

Englidi  oak,  .  •  .  •  9809 
Ditto  offive  inches  loDR,  dipped  with,  3ft79 
Ditto^  of  four  Indies,  £tto,  •        6147 

A  prism  of  Portland  stone,  two  indiea 

long, 805 

Ditto  statuary  marble^  3816 

(^aigleith  stone,  8686 

Cubes  of  1^  ini^ 

Sp.  gr. 
Chalk,  ...  —       1127 

Brick  of  a  pale  red  colour,  8.085  1265 
Roe-stone,  Qlouoestershire,  —       1449 

Red  brick,  mean  of  two  trials,  8.168  1817 
Yellow  fiioe  baked    Hammer* 

smith  paviorsi  three  timea,  —  2254 
Burnt  ditto,  mean  of  two  trials,  —  3843 
Stourbridge,  or  fine  brick,  —      3864 

Derby  grit,  a  red  friable  sand- 
stone, 2.816    7076 
Derby  grit  f^om  another  quarry,  2.488    9776 
Killaly  white  freestone,  not  stra- 

tified,  8.423  10264 

Portland,  2L428  10284 

Craigldth,  white  fleestooe,  2.452  12346 
Yorkshire  paving,withthestnua,  2X07  12856 
^.^ f....u.-^^  3,507  12856 


1.760  23682 
r 

2.506  13638 
2.506  13632 
2.662  14302 


Ditto,  against  the  strata. 

White    statuary   marble^ 
veined, 

Bramley-Fall   sandstone, 
Leeds,  with  strata. 

Ditto,  against  strata, 

Cornish  granite, 

Dundee  sandstone,  or  breccia, 
two  kinds,  2.530  14918 

A  two  inch  cube  of  Portland,     2.423  14918 

Craiglieth,  with  strata,  2.452  15560 

Devonshire  red  marble,  varie- 
gated, ...  —     16712 

Compact  limestone,  2MA  17354 

Peteriiead  granite,  hard  close- 
grained,         ...  —     18636 

Black  compact  limestone,  Li- 
roerick,  2.598  19924 

Purbeck,  2.509  20610 

Black  Brabant  marble,      •        2.697  20742 

Very  hard  freestone,  2.528  21254 

White  Italian  veined  marble,     2.726  21783 

Aberdeen  granite,  blue  kind,      2.625  24556 
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of  ffdik  iDch  weve 
by  the  foUoving  vd^ts: 

97n 


7318 
10304 


006 
483 


Cast  iron. 
Cast  copper, 
Pine  yellow  bnm^ 
Wrought  eopper, 
Cesttin, 
Cenkad, 

Baisofdi£GBnntinetali,iU  inciiee  long,  and 
a  qnaztor  of  an  indi  ■qniKiVCK  aus^iiided 
by  D^peoy  and  bEoken  by  the  fi»Uairing 
weight! : 
Caat  Jnm,  hoijiontaly  1168 

Dttto^  Tarticel,  ....  1218 
CMt  Heel,  pK^ioody  tilted,    .  8301 

BliMBied  sted,  lednced  by  die  hMnmor,  8SSS 
Shear  Bted  ditto,  7077 

Sweaiih  iron  ditto,  4604 

Eogliah  ken  ditto,  8403 

Heed  gun  mctel,  mean  of  two  trials,  3873 
Wiovght  copper,  reduced  by  hammor,  81 18 
Cast  copper,  ....        1108 

FineydlowbiMi,  1123 


Catttin, 206 

Castkad, 114 

For  the  expeomeDts  en  the  twiit  of  ben  we 
miiet  refer  to  the  peper. 

The  Btiengthe  of  Swedish  end  Eng^  iniD 
do  sot  beer  the  ssme  pioportioii  to  eech  other 
m  these  experiments,  that  thar  do  when  we 
conpere  the  trials  of  Count  Sidingen  with 
those  made  at  Wodwich,  of  iHiich  an  eooount 
waa  given  in  the  Atmab  <tf  PhUotophif,  ?ii. 
380.  From  tfaet  eooDpeiisoo,  the  proportional 
itrengthe  were  as  feUinrB : 

£i#«fairan,  348.38 

Swedish  iron,  640-85 

But  from  Mr.  Rcnnie*s  experiments,  the  pvo» 
portional  strengths  are : 

EngUsh  iran,  348.38 

Swedidi  iron,  448.34 

A  very  material  diflfewnee,  whidh  eu^t  to  be 


A  my  mate 
attended  to. 


A  wire  one-tenth  indi  of  sine  breaks 

Do.  lesd 

Do.  tin 
Do. 
Do. 

Do.  diver 

Dob  iron 

Do.  gold 

A  cylinder  1  hich  iron 

Aceordsng  to  Sickingen,  the  rdative  oohe- 
dve  strengths  of  the  metals  anas  follows : 
Odd,  160066 

Silver,  100771 

Flatina,         282361 
Copper,  SOeoOo 

Soft  iron,       382087 
Uaidiion,     660880 

A  wire  of  iron  0078  or  ^  of  an  indi,  will 
jest  support  640-26  pounds.  Emerson's  num- 
ber for  gold  is  excesnvdy  incorrect.  In  gene- 
nd,  iron  is  about  4  times  stronger  than  oak, 
nd  8  times  stronger  than  deaL 

COHOBATION.  The  continuous  ledis- 
tiUatioD  of  the  same  liquid  from  the  same 


COLCHICUM  AUTUMNALE.  A  me. 
dicinal  plant,  the  vinous  infusion  of  whose 
not  has  been  diewn  by  Sir  £.  Home  to 
possess  qpedfic  powen  of  sBeviating  gout, 
■iMlag  to  those  of  the  empirical  preparation 
cslled  Eau  Medieinale  D'Hutmm,  The  se- 
dimcni  of  the  infusion  ought  to  be  removed 
by  fitraiion,  es  it  occasions  gripes,  sickness, 


iitmg. 

COLCOTH AR.  The  brown-red  oxide  of 
iieo,  whidi  remains  after  the  distillAtion  of 
tiie  add  from  eulphate  of  iron :  it  is  used  for 


The  lidlowing 

Table  contdns  a  view  of 

some  nmner  experimenei,  on  the  oohedve 
strengths  or  tnedties  of  bodies. 

MedienbrodL 

20i 

Emenon. 

^ 

do. 
do. 

380* 

do. 

370 

do. 

450 

do. 

600 

do. 

83320 

Rumibid. 

poUshmg  ^bas  and  other  substances  by  artista, 
who  call  it  crocua,  or  crocus  martis. 

COLD.  The  privatkm  of  heat.  See  Ca- 
loric,  CovexLATiox,    and  Tsmp£&a- 

TURE. 

COLOCYNTHINE.  Cdocynth  tnated 
with  alcohol  yields  the  bitter  substanee  mndi 
purer  than  when  water  is  used.  The  dcohdic 
sdution  evaponted,  yidds  a  very  brittle  sub* 
stance,  of  a  gold  yellow  cdour ;  which  when 
put  into  cdd  water  produces  a  solution,  while 
white  opaque  filaments  remain,  which  ulti- 
matdyfbim  a  soft  semi-transparent  ydlow 
mass  resembling  aome  resins. 

This  substance,  containing  the  bitterness  of 
the  colocynth,  appean  to  be  a  peculiar  prindple. 
It  is  very  sduble  in  doohoU  far  lees  so  in  water, 
but  affi>rds  with  it,  a  sdution  of  extreme  bit- 
temess  and  frothing  on  agitation.  Vauquclin, 
Jinim.de  PharmaeU  (at  \824j  416. 

COLOPHONITE.  a  minend  of  a  black- 
ish or  yellowish-brown,  or  orange-red  colour ; 
of  a  lesino-sdamantine  lustre ;  and  conchoidal 
fracture.  Its  sp.  gr.  is  4.0.  It  consists  of 
silica  36,  duraina  13.6,  lime  29.0,  magnesia 
8.6,  oxide  of  hxm  7.6,  oxide  of  manganese 
4.76,  and  oxide  of  titanium  OJ^.  It  occun 
massive,  in  angulo^granular  concretions,  and 
in  riioniboidd  dodwahedions,  whose  surfaces 
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have  a  melted  appeanoo&  It  if  the  rMinoua 
garnet  of  Hauy  aod  Jameson.  It  is  ibund  in 
magnetic  ironetone  at  Arendal  in  Norwaj. 
Itoecnn  alio  in  Piedmont  and  Geykm. 

COLOPHONY.  Cotophony,  or  blade 
nrin,  ifl  the  rennona  icsidaam  after  4ie  distil. 
htion  of  tlie  light  oil,  and  thick  daik  reddish 
bidnm^  from  tnfpentine. 

GOLOURINa  MATTER.  See  Dtb. 
iiro. 

COLUMBITE.  AntinenilfbandatHad. 
dam  hi  Connectiait*  It  oecma  in  bdmO  amor^ 
phous  masses,  and  in  minute  crystals,  dissemi« 
nated  ia  a  granitic  aggregate*  Colour  greyish- 
black;  opaque;  fracture  imperfectly  con- 
choidaL  Scratches  ^ass,  but  does  not  strike 
fire  with  steel.  Poller  dark  brown :  sp.  gr* 
6*9.  Borax  dissolves  it  very  slowly  at  me 
blowpipe  into  a  pale  yellowish  glan.  The 
finm  of  the  crystal  is  a  compressed  rectangular 
prism,  truncated  on  the  lateral  edges ;  or  a  four* 
sided  pyramid.  The  columbite  is  an  ore  of 
the  Tantalum  of  Bendius,  or  Golumbium  of 
Hatchett     See  Orei  of  TantaUtm. 

GOLUMBIUM.  If  the  oxide  of  colum- 
bium,  described  under  Acid  (Columbic), 
be  mixed  with  ■  charcoal,  and  exposed  to  a 
violent  heat  in  a  charcoal  crucible,  the  metal 
columbium  will  be  obtained.  It  lias  a  dark 
grey  colour;  and  when  newly  abraded,  the 
lustre  nearly  of  iron.  Its  sp.  gr.  when  in  ag- 
(^utinated  particles,  was  found  by  Dr.  W(3. 
laston  to  be  6.61.  These  metallic  grains 
scratch  glass,  and  are  easily  pulverized.  Nei- 
ther nitric,  muriatic,  nor  nitro-muriatic  add, 
produces  any  change  in  this  metal,  though 
digested  on  it  for  several  days.  It  has  been 
alloyed  with  iron  and  tungsten.  See  Acid 
(Columbic). 

COMBINATION;  the  intimate  union 
of  the  particles  of  different  substances  by  che- 
mical  attraction,  so  as  to  fivm  a  compound 
possessed  of  new  and  peculiar  properties.  See 
Attractiok,  Bqitivalent,  and  Gas. 

COMBUSTIBLE.  A  body  which,  in  its 
rapid  union  with  others,  causes  a  disengage- 
ment of  heat  and  light.  To  determine  this 
npidity  of  combination,  or  intensity  of  che- 
mical action,  a  certain  elevation  of  temperature 
is  necessary,  which  differs  for  every  different 
combustible.  This  difference  thrown  into  a 
tabular  form  would  constitute  their  scale  of 
McendibUity,  or  degree  of  accension. 

Stahl  adapted,  and  refined  on  the  vulgar 
belief  of  the  heat  and  light  coming  irom  the 
combustible  itself;  Lavoisier  advanced  the  op- 
posite and  more  limited  doctrine,  that  the  heat 
and  light  proceeded  from  the  oxygenous  gas  in 
air  and  ottier  bodies,  which  he  r^rdod  as  the 
true  pabulum  of  fire.  Stahl*s  opinion  is  perhaps 
more  just  than  Lavoisier's ;  for  many  combus- 
tibles bum  together,  wiihout  the  presence  of 
oxysen,  or  of  any  analogous  fancied  supporters ; 
as  dilorine,  and  the  adjuncts  to  oxygen,  have 
been  unphiloiiopbically  colled.    Sulphur,  hy- 


drogen,  carbon,  and  ttote,  are  as  BUidi  CBtttled 
to  be  styled  mpportcrh  as  oxygen  and  chlo- 
line,  for  potassium  bums  vividly  in  sulphur- 
etted hydrogen,  and  in  prussine,  and  most  of 
Ae  metals  burn  with  sulphur  alone.  Heat 
and  light  are  disengaged,  with  a  change  of 
properties,  and  redprMal  saturation  of  the 
combining  bodies.  All  the  combustible  gases 
are  certainly  capable  of  afibrding  heat,  lo  the 
degree  ot  incandescence,  as  is  shown  by  their 
meduutical  condensation. 

Sound  logic  would  justify  us  in  regarding 
oxygen,  chlorine,  and  iodine,  as  in  reality 
combustible  bodiei,  perhi^  more  so  than  those 
substances  vulgsrly  called  combustible.  Ex- 
periments with  the  condensing  syringe,  and 
the  phenomena  of  the  decomposition  of  eu- 
chlorine^  prove  that  light  ss  well  as  heat  may  be 
liffiiided  by  oxygen  and  chlorine.  If  the  body, 
therefore,  which  emits,  or  can  emit,  light  and 
heat  in  copious  streams,  by  its  action  on  others, 
be  a  combustible,  then  chlorine  and  oxygen 
merit  that  designation  as  much  as  cfaarconl 
and  sulphur.  Asote  is  dedated  by  tbje  ex- 
pounders of  the  Lavoisierian  creed  to  be  a  sim- 
ple incombuttibk.  Yet  its  mechanical  oon- 
densatbn  proves  that  it  can  afibrd,  from  its 
own  resources,  an  incandescent  heat ;  and  widi 
chlorine,  iodine^  and  metallic  oxides — all  in. 
combustibles  on  the  antiphlogistic  notion,  it 
forms  compounds  possessed  of  combustible 
properties,  in  a  pre-eminent  and  a  tremendous 
degree  of  concentration.  It  is  mchincholy  to 
reflect  with  what  easy  credulity  the  fictions  of 
the  Lavoisierian  faith  have  been  received  and 
proTKigated  by  chemical  compilers,  sometimes 
suflicicntly  incredulous  on  subjects  of  rational 
belief.     See  ilte  next  Article. 

The  electric  polarities  unquestionably  show, 
what  no  person  can  wish  to  deny,  that  between 
oxygen,  chlorine,  iodine,  on  one  hand,  and 
hydrogen,  duurcoal,  sulphur,  phosphorus,  and 
the  metals,  on  the  other,  there  exist  striking 
differences.  The  former  are  attracted  by  tlic 
positive  pole,  the  latter  by  the  negative,  in 
voltaic  anangements.  But  still  nothing  de- 
finitive can  be  inferred  from  this  fact ;  b^ause 
in  the  actions  of  what  are  called  combustibles 
on  each  other,  without  the  presence  of  the 
other  class,  we  have  an  exhibition  of  opposite 
electrical  polarities.  Sulphur  and  metallic 
plates,  by  mutual  friction  or  mere  contact, 
produce  electrical  changes,  which  apparently 
prove  that  sulphur  should  be  ranked  aloog 
with  oxygen,  dilorine,  and  adds,  apart  from 
combustibles,  whose  polarities  are  negativei 
Sulphuretted  hydrogen,  in  its  electrical  relations 
to  metals,  ranks  also  with  oxygen  and  acids. 
How  vague  and  falUttious  a  rule  of  daasifica- 
tion  electricsl  polarity  would  affurd,  may  be 
judged  of  from  the  following  imquestionable 
facts:  ^* Among  the  substances  that  combine 
chemically,  all  those,  the  electrical  energies  of 
wh>di  arc  well  known,  exhibit  opposite  states; 
thus  copper  and  zinc,  gold  and  quicksilver, 
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raii4di0iMlrii,ili«  adA  and  alkaline 
MM,  afiM  appodte  inaiaiieM.  Id  tfaa 
▼olcaie  eombinatioD  of  dilated  mtroas  acid, 
Mdc  and  ooppor,  as  k  well  known,  the  vide  of 
the  zinc  expoaed  to  the  add  ii  poBidve.  But 
itt  oombinatioos  of  £ine»  watar«  enddiluted  nitrio 
add,  the  amfaee  expoaed  to  the  add  ia  nega^ 
Hire ;  tfaoogfa  if  the  cfaenucal  action  of  the 
acid  on  the  tine  had  ben  the  canee  of  the 
oflSeet,  it  ought  to  be  the  same  ia  bodi  caaea." 
On  tome  Chemical  Agaiek$  of  Ekctricky^ 
^  Sir  IT.  Davy.    PhiL  Trans.  1807. 

OombostibleB  have  been  arranged  into  aim- 

Ele  and  eompoond.  The  former  oonaiit  of 
ydiogen,  carbon^  boron,  aulphnr^  phoaphoraa« 
and  nitrogen,  besdea  all  the  metali.  The 
latiier  dan  comprdiends  the  hydnireta,  car^ 
bmeta,  aalpfattreta,  pboaphoreti,  metaUicaUoyai 
aaid  organic  pvodncta. 

"When  the  pore  oxides  of  iron,  cobalt,  or 
nidd  are  ledoced  by  hydrogen  gaa,  at  tem- 
peratares  bnt  very  litde  above  that  of  bMUng 
memcnry,  metala  are  obtained,  which,  when 
allowed  to  cool  in  the  hydrogen  gaa,  inflame 
noataneonaly  by  expoMue  to  the  atmoaphere^ 
m£  the  reduction  haa  been  efiboted  at  a  led 
heat,  thia  does  not  take  plaoe. 

When  the  eame  oxides  an  mixed  with  a 
littie  alnmina,  the  metala  obtained,  as  before, 
inflatne  spontaneously  in  the  atmosphere,  even 
llioiigh  the  heat  used  has  been  that  of  redness, 
asid  vet  from  the  quantity  of  oxygen  disen- 
saged,  it  has  been  evident  that  iht  alumine 
ban  not  been  de-oxidized. 

When  a  metal  thus  competent  to  inflame  in 
the  air  is  heated  in  carbonic  acid  gas,  it  losea 
ita  pectdlar  property,  but  resumes  it  on  being 
beaied  once  more  in  bydrogeti  gas,  and  allowed 
tooool  as  before. 

The  hydrogen,  however,  is  not  the  cause  of 
thia  inflammation  t  for  when  oxalate  of  iron 
ia  heated  in  a  veasel  with  a  naitow  neck,  so 
diat  the  add  may  be  decomposed,  and  the 
wfacde  allowed  to  cool,  the  metallic  iron-pow. 
der  obtained  inflames  spontaneously  in  the 
atmocphere.  No  other  metal  but  the  three 
mentioned  have  presented  this  phenomenon* 

With  diese  effects  may  possibly  be  ranged 
that  observed  by  Dr.  Gobel,  as  produced  by 
die  residuvm  left  after  igniting  the  tartrate  of 
had  in  dose  vessels.  Amtakt  da  Mhua^ 
ZIL210. 

COMBUSTION.  The  disengagement  of 
heat  and  light  which  accompanies  chemical 
combination.  It  is  frequently  made  to  be  sy« 
neoymons  with  inflammation^  a  term  which 
mi{^  be  restricted,  however,  to  that  peculiar 
spedes  of  combustion  in  which  gaseous  matter 
is  burned.  Ignition  is  the  Incandescence  of  a 
body,  produced  by  extrinsic  means,  without 
duDge  of  ita  chemical  constitution. 

B«dier  and  Stahl,  feeling  daily  the  neceft. 
nty  of  Are  to  human  existence,  ana  astonished 
with  the  ffictamorpftoiCi  which  this  'power 
leaned  to  cause  charcoal,  sulphur,  and  metals 


to  nodsqiQ^  camt  to  regard  combustion  aa  llie 
aingle  phenomenon  of  chemistry.  Under  this 
impression  Stahl  fiamed  his  chemical  system, 
the  Theoria  Chemke  Dogmatica:^  a  title  che. 
racteristic  of  the  spirit  with  which  it  was  in.  * 
culcaled  by  chonical  prafeasora,  as  the  infalli- 
ble code  of  their  science  for  almost  a  centurv* 
Wlien  the  discoveries  of  Scheele,  Cavendish, 
and  Priestley,  had  fully  demonstrated  the  es- 
sential  part  which  air  pUtved  in  many  instances 
of  combustion,  the  Fiendi  schod  made  a  small 
modification  oif  the  German  hypothesis.  In- 
stead of  supposing,  with  StaU,  that  the  heat 
and  light  were  occaaioned  by  the  emitsion  of 
a  common  inflammable  prindple  from  the 
combustible  itself,  Lavoisier  and  his  assodatea 
dexterously  availed  themselves  of  Black's  hy- 
pothesis of  latent  heat,  and  maintained,  tiiat 
the  heat  and  light  emanated  from  the  oxygen. 
ous  air,  at  the  moment  of  its  union  or  fixation 
with  the  inflammable  basis.  How  thoroughly 
the  chemical  mind  has  been  perverted  by  these 
eonjectuial  notions,  our  systems  of  chemistry 
abundantly  prove. 

Dr.  Robiun,  in  his  preface  to  Black's  Lec- 
tures, after  tracing,  with  perhaps  superfluous 
seal,  the  expanded  ideas  of  Lavoisier  to  the 
nadected  germs  of  Hooke  and  Mayhow,  says, 
^^This  doctrine  concerning  combustion,  the 
great,  the  characteristic  phenomenon  of  che. 
mical  nature,  has  at  last  recdved  almost  uni- 
versal adoption,  though  not  till  after  consider- 
able hedtation  and  oppodtion ;  and  it  has  made 
a  coooplete  revolution  in  chemical  sdence.'* 
The  French  theory  of  chemistry,  as  it  was 
called,  or  hypothesis  of  combustion,  as  it 
should  have  been  named,  was  for  some  time 
classed  in  certainty  with  the  theory  of  gnu 
vitation.  It  is  vanishing  with  the  phantoms 
of  the  day;  but  the  sound  logic,  the  pure 
candour,  the  numerical  predsion  of  inference, 
whidi  characterise  Lavoisier's  Elements,  will 
cause  his  name  to  be  hdd  in  lasting  adminu 
tion. 

It  was  the  rival  lo^c  of  Sir  H.  Davy,  dded 
by  his  unrivalled  feliaty  of  investigation,  which 
first  recalled  chemistry  from  the  labyrinths  of 
fiincy,  to  the  more  arduous  but  far  more  pro^ 
fitable  career  of  reason.  His  researches  on 
combustion  and  flame,  already  rich  in  bless- 
ings to  mankind,  would  alone  plaoe  him  in 
the  first  rank  of  sdentific  genius.  I  shaU 
give  a  somewhat  copious  account  of  them, 
since  by  some  fatality  it  has  happened,  that 
in  our  most  extensive  system,  where  so  many 
pages  are  devoted  to  iae  reveries  of  andcnt 
chemists,  the  splendid  and  useful  truths  made 
known  by  the  great  chemist  of  £ngland  have 
been  almost  overlooked. 

Whenever  the  chemical  forces  which  deter^ 
mine  dther  oomposidon  or  decomposition  are 
energetically  exercised,  the  phenomena  of  com>- 
bustion,  or  incandescence,  with  a  change  of 
properties,  are  displayed.  The  dbtinction, 
therefore,  between  supporters  of  combustion 
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and  combuttiblM,  on  which  some  Iste  mtetra 
are  arranged,  is  fHTolous  and  partial.  Li  fact, 
one  substance  frequently  acts  in  both  capa. 
^^  cities,  being  a  supporter  apparently  at  one 
time,  and  a  combustible  at  another.  But  in 
both  cases  the  heat  and  light  depend  on  the 
same  cause,  and  merdy  indicate  the  energy 
and  rapidity  with  which  redprocal  attractions 
•  are  exerted. 

Thus,  sulphuretted  hydrogen  is  a  oombns- 
tiUe  with  oxygen  and  dilorine ;  a  supporter 
with  potassium.  Sulphur,  with  chlorine  and 
oxygen,  has  been  called  a  combustible  basts ; 
with  metals  it  acts  the  part  of  a  supporter;  for 
incandescence  and  reciprocal  saturation  result. 
In  like  manner,  potassium  unites  so  power. 
ftiUy  with  arsenic  and  tellurium  as  to  produce 
the  phenomena  of  combustion.  Nor  can  we 
ascribe  the  appearances  to  extrusion  of  latent 
heat  in  consequence  of  condensation  of  to- 
lume.  The  protoxide  of  ddorine,  a  body  de. 
Btitute  of  any  combustible  constituent,  at  the 
instant  of  decomposition  evolves  li^t  and 
heat  with  explosive  violence ;  and  its  volume 
becomes  one-Bfih  greater.  Chloride  and  iodide 
of  asote,  compounds  alike  destitute  of  anv  in- 
flammable  matter,  according  to  the  ordinary 
creed,  are  resolved  into  thdr  respective  ele- 
ments  with  tremendous  force  of  inflammation ; 
and  the  first  expands  into  more  than  600  times 
its  bulk.  Now,  by  the  prevailing  hypothesis 
of  latent  caloric,  instead  of  heat  and  light,  a 
prodigious  cold  ought  to  accompany  such  an 
expansion.  The  dilorates  and  nitrates,  in 
Uke  manner,  treated  with  charcoal,  sulphur, 
phosphorus,  or  metals,  deflagrate  or  detonate 
while  the  volume  of  the  combining  substances 
is  greatly  enlarged.  The  same  thing  may  be 
said  of  the  nitrogurets  of  gold  and  silver.  In 
truth,  the  combustion  of  gunpowder,  a  pheno- 
menon too  familiar  to  mankind,  should  have 
been  a  bar  to  the  reception  of  Lavoisier's  hy-> 
pothesis  of  combustion.  The  subterfuges 
which  have  been  adopted  in  order  to  reeondle 
them  do  not  merit  a  detail 

From  the  preceding  facts,  it  is  evident,  1st, 
That  combustion  is  not  necessarily  dependent 
on  the  agency  of  oxygen ;  2d,  That  the  evo- 
lution of  the  heat  is  not  to  be  ascribed  nmply 
to  a  gas  parting  with  its  latent  store  of  that 
ethereal  fluid,  on  its  fixation  or  combustion ; 
and,  3<lly,  ^'-That  no  peculiar  substance  or 
form  of  matter  is  necessary  for  producing  the 
effect,  but  that  it  is  a  general  result  of  the  ac- 
tions  of  any  substances  possessed  of  strong 
chemical  attractions,  or  different  dectrical  re- 
lations, and  that  it  takes  pkce  in  all  cases  in 
which  an  intense  and  violent  motion  can  be 
concdved  to  be  communicated  to  the  coipus- 
des  of  bodies.*' 

All  chemical  phenomena  indeed  may  be 
justly  ascribed  to  motions  among  the  ultimate 
partidcfl  of  matter,  tending  to  change  the  con. 
stituiion  of  tlic  mass. 

It  was  lashionablc  for  a  while  to  attribute 


the  caloric  evolved  in  combottion»  to  a  di-* 
minished  capadty  for  heat  of  the  resultiiig 
substance.  Some  phenomena,  inaccurately 
observed,  gave  rise  to  this  generafinttioo.  On 
this  subject  I  shall  content  myadfwidi  statins 
the  oondusionB  to  whidi  MM.  Dulong  and 
Petit  have  come,  in  consequence  of  their  own 
recent  researdies  on  the  laws  of  heat,  and 
those  of  Berard  and  Ddaroche.  **  We  may 
likewise,*'  say  these  able  diemtsta,  ''*>  deduce 
from  our  researches  another  very  important 
consequence  for  the  general  theory  of  diemical 
action,  diat  the  quantity  of  heat  developed  at 
the  instant  of  the  combination  of  bodies  haa 
no  relation  to  the  capacity  of  the  dements  ; 
and  that,  in  the  greatest  number  of  cases,  this 
loss  of  heat  is  not  followed  by  any  diminution 
in  the  capadty  of  the  compounds  Ibmaed. 
Thus,  for  example,  the  combmation  of  oxy- 
gen and  hydrogen,  or  of  sulphur  and  lead, 
which  produces  so  great  a  quantity  of  beat, 
occasions  no  greater  alteration  in  the  capacity 
of  water,  or  of  sulphuret  of  lead,  tluui  the 
combination  of  oxygen  with  copper,  lead,  sil- 
ver, or  of  sulphur  with  carbon,  produces  in 
the  capaddes  of  the  oxides  of  these  metsis,  or 
of  carburet  of  sulphur."—"  We  conceive,  tiiat 
the  rdations  which  we  have  pointed  oat  be- 
tween the  spedfic  heats  of  simple  bodies,  and 
of  those  of  their  compounds,  prevent  the  pos- 
sibility of  suppodng,  that  the  heat  developed 
in  chemical  actions  owes  its  origin  merel  j  to 
the  heat  produced  by  change  of  state,  or  to 
that  supposed  to  be  combined  with  the  mate^ 
rial  molecules.**  Annalet  de  Chimie  ct  Rhy- 
nque^iL, 

Mr.  Dalton,  in  treating  of  the  constitutioii 
of  dastic  fluids,  lays  it  down  aa  an  axiom, 
that  diminution  of  volume  is  the  criterion  of 
chemical  afiSnity  bdng  exerdsod ;  and  hence 
maintains,  that  the  atmospheric  air  is  a  mere 
mixture.  Thus,  also,  the  extrication  of  heat 
from  chemical  union  has  been  usually  referred 
to  the  condensation  of  volume.  The  following^ 
examples  will  show  the  fallacy  of  such  h3rpo- 
theses.  1 .  Chlorine  and  hydrogen  mixed,  ex. 
plode  by  the  sunbeam,  dectric  spark,  or  in. 
flamed  taper,  with  the  disengagement  of  much 
heat  and  light ;  and  the  volume  of  the  mix- 
ture,  whidi  is  greatly  enlarged  at  the  instant 
of  combination,  suflrers  no  condensation  after, 
wards.  3Iuriatic  add  gas,  having  the  mean 
density  of  its  components,  is  pnMuocd.  2. 
When  one  volume  of  olefiant  gas  and  one  of 
oxvgen  are  detonated  together,  three  and  a 
half  gaseous  volumes  result,  the  greater  part 
of  the  hydrogen  remains  untoudied,  and  a  vo- 
lume  and  a  htdf  of  carbonic  oxide  is  formed, 
with  about  l-lOth  of  carbonic  add.  3.  The 
following  experiments  of  M.  Gay  JLussac  on 
liquid  combinations  are  to  the  same  purpose. 
1.  A  saturated  solution  of  nitrate  of  ammo- 
nia,  at  the  temperature  of  €1<>,  and  of  tlie 
density  1.302,  was  mixed  with  water  in  t)ic 
proportion  of  44.0.^  to  33  7'>.     TIk  tempera^ 
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ture  of  the  mixture  sank  8.S« ;  but  the  dentitf 
at  6l«  was  1.159,  while  the  mean  density  was 
only  1. 161.  2.  On  adding  water  to  the  pre* 
ceding  mixture,  in  the  proportioo  of  33.64  to 
99.28,  the  temperature  aank  3.4»,  while  the 
densi^  continoed  0.003  above  the  mean. 
Other  aaline  aolutions  presented  the  same  le- 
suit,  though  none  to  so  great  a  d^iee. 

That  the  internal  motions  which  aooom- 
pany  the  change  in  the  mode  of  combination, 
independent  of  change  oSform,  occasion  the 
evolution  of  heat  and  light,  is  evident  from 
the  fbllowtng  observations  of  Benelius:— In 
the  year  1811,  when  he  was  occupied  with  ex- 
amining the  combinations  of  antimony,  he  dis- 
covered,  accidentally,  that  several  metalline 
anthnoniates,  when  they  begin  to  grow  red* 
hoi,  exhibit  a  sudden  appearance  of  fire,  and 
then  the  temperature  sgain  sinks  to  that  of 
the  surrounding  combustibles.  He  made  nu- 
nienras  experiments  to  elucidate  the  nature  of 
this  appearance,  and  ascertained  that  the  weight 
of  the  salt  was  not  altered,  and  that  the  ap* 
peaianee  took  place  without  the  presence  oF 
0!X3Pgen.  Before  the  appearance  of  fire,  these 
salts  are  very  easily  decomposed,  but  after- 
wards  they  are  attacked  neither  by  adds  nor 
alkaline  leys— a  proof  that  their  constituents 
are  now  held  together  by  a  stronger  affinity, 
or  that  they  are  more  intimately  combined. 
Since  that  time  he  has  observed  Uiese  appear, 
ances  in  many  other  bodies,  as,  for  example^ 
in  green  oxide  of  chromium,  the  oxides  of  tan- 
talum and  rhodium.     (See  CimoMfUM). 

Mr.  Edmund  Davy  found,  that  when  a 
nentrai  solution  of  platinum  was  precipiuted 
by  hydrosulphoret  of  potash,  and  the  preci- 
pitate dried  in  air  deprived  of  oxygen,  a  Idack . 
compound  was  obti&ed,  whidi  when  heated 
out  of  the  contact  of  air.  gave  out  sulphur, 
and  some  sulphuretted  hydrogen  gas,  wiiile  a 
oombostkm  similar  to  that  in  the  formation 
of  the  metallic  sulphurets  appeared,  and  com- 
mon  sulphuret  of  phitinum  remained  behind. 
When  we  heat  the  oxide  of  rhodium,  obtained 
from  die  soda-muriate,  water  first  comes  over ; 
and  on  incieasmg  the  temperature,  combustion 
takes  place,  oxygen  gas  is  suddenly  disengaged, 
and  «  suboxide  of  rhodium  remains  Miind. 
The  two  last  cases  are  analogous  to  that  of 
the  pcDtoxide  of  chlorine,  the  eucMorine  of  Sir 
H.  Davy.  Oadolinite,  the  silicate  of  yttria, 
was  iiiBt  observed  by  Dr.  WoUaston  to  dis- 
]day  a  simibr  lively  incaadesceoce.  The 
variety  of  this  mineral  with  a  glassy  fracture, 
answers  better  than  the  splintery  variety.  It 
is  to  be  heated  before  the  blowpipe,  to  that 
the  iHiole  piece  becomes  equally  hot.  At  a 
led  heat  it  catches  fire.  The  colour  becomes 
greenish-grey,  and  the  solubility  in  adds  is 
destroyed.  Two  small  pieces  of  gadoUnite, 
one  or  whidi  had  been  heated  to  redness, 
were  put  in  aqua  regia ;  the  fint  was  dissolved 
in  a  few  hours ;  the  second  was  not  attacked 
in  two  months.     Finally,  Sir  H.  Davy  ob- 


served a  simthir  phenomenon  on  heating  hy- 
drate of  zirconia. 

The  verbal  h3rpothesis  of  themioxygen  by 
Brugnatelli,  with  Dr.  Thomson's  supporters,  ^« 
partial  supporters,  and  semicombustion,  need 
not  detain  us  a  moment  from  the  substantial 
fact^  the  noble  truths,  first  revealed  by  Sir 
U.  Davy,  concerning  the  mysterious  process  of 
combustion.  Of  the  researches  which  brought 
them  to  light  it  has  been  said,  without  any 
hyperbole,  that  ^^  if  Bacon  were  to  revisit  the 
earth,  this  is  exactly  such  a  case  as  we  should 
choose  to  place  before  him,  in  order  to  give 
him,  in  a  small  compass,  an  idea  of  the  ad- 
vancement which  philosophy  has  made  since 
the  time  when  he  had  pointed  out  to  her  the 
route  which  she  ought  to  pursue.** 

The  coal  mines  of  England,  alike  essential 
to  the  comfort  of  her  population  and  her  finan- 
dol  resources,  had  become  infested  with  fire- 
damp, or  inflammable  air,  to  such  a  degree  as 
to  render  the  mutilation  and  destruction  of  the 
miners,  by  frequent  and  tremendous  explo- 
sions, subjects  of  symnathy  and  dismay  to  the 
whole  nation.  By  a  late  explosion  in  one  of 
the  Newcastle  collieries,  no  less  than  one  hun- 
dred and  one  persons  perished  in  an  instant ; 
and  the  misery  heaped  on  their  forlorn  families, 
consisting  of  more  than  three  hundred  penons, 
is  inconceivable.  To  subdue  this  gigantic 
power  was  the  task  which  Sir  H.  Davy  as- 
signed  to  himself ;  and  which,  had  his  genius 
been  baffled,  the  kingdom  could  scarcely  hope 
to  see  achieved  by  another.  But  the  stubborn 
forces  €f  nature  can  only  be  conquered,  as 
Lord  Bacon  justly  pointed  out,  by  examining 
them  in  the  nascent  state,  and  subjecting  them 
to  experimental  interrogation,  under  every  di- 
versity  of  circumstance  and  form.  It  was  this 
investigation  which  first  laid  open  the  hither- 
to unseen  and  inaccessible  sanctuary  of  Fire. 
As  some  attempts,  however,  have  been  made, 
to  insinuate  that  Sir  H.  Davy  stole  the  germ 
of  his  discoveries  from  the  late  Mr.  Tennant, 
it  may  be  proper  to  preface  the  account  of  them 
by  the  following  extract  from  ^^  Resolutions  of 
a  Meeting  held  for  considering  the  Facts  rda- 
ting  to  the  Discovery  of  the  Lamp  of  Safety.*' 

«'  Softo  Square,  N(ro.  20.  1817- 
«<  3d — That  Sir  H.  Davy  not  only  disco- 
vered, independently  of  all  others,  and  without 
any  knowledge  of  the  unpublished  experiments 
of  die  late  Mr.  Tennant  on  Flame,  the  prin  ' 
pie  of  the  non-communication  of  exp* 
through  small  apertures,  but  that  he  fa 
the  s(ue  merit  of  having  first  applied  it  to  the 
very  important  purpose  of  a  safety-lamp,  which 
has  evidently  been  nnitated  m  the  latest  lamps 
of  Mr.  Oeoigc  Stephenson. 

(Signed)        Joseph  Banks,  P.  R.  S. 

WilUam  J.  Brande. 

CharkiS  Hatchett. 

William  Hyde  WoUaston. 

Thomas  Young.*' 
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See  the  whole  doeoment  in  Tilloeh^s  Miunucine, 
ToL  60.  p.  387. 

The  phenomena  of  combustion  may  be  con- 
veniently conadered  under  six  heads:  l«f, 
The  temperature  necessary  to  inflame  different 
bodies.  2d,  The  nature  of  flame,  and  the  re- 
lation between  the  light  and  heat  which  com- 
pose it  3d,  The  heat  disengaged  by  different 
combustibles  in  burning.  4M,  The  causes 
which  modify  and  ezthigulBh  combustion,  and 
of  the  safo-lamp.  5M,  Invisible  combustion. 
Olh,  Practical  inferences.       « 

}tt,  0/  the  temperature  neeettary  to  in- 
^ame  different  bodies,  Ut,  A  simple  ezpoi. 
ment  shows  the  sucoesslye  eombasdbiUties  of 
the  different  bodies.  Into  a  long  bottle  with  a 
nanow  neck,  introduce  a  lighted  taper,  and  let 
it  bum  till  it  is  extinguish^  CanfUIly  stop 
die  bottle,  and  introduce  another  lighted  taper. 
It  will  be  extinguished  before  it  reaches  the 
bottom  of  the  neclc.  Then  introduce  a  small 
tube,  containii^  zinc  and  dilute  sulphuric  add 
at  the  aperture  of  whidi  the  hydrogen  is  in- 
flamed.  The  hydrogen  will  be  found  to  bum 
in  whatever  part  of  the  bottle  the  tube  is 
placed.  After  the  hydrogen  is  extinguished,  in- 
troduce  lighted  sulphur.  This  will  bum  for 
some  time ;  and  afler  its  extinction  phospho- 
rus  will  be  as  luminous  as  in  the  air,  and,  if 
heated  in  the  bottle,  will  produce  a  pale  yel- 
low flame  of  considerable  density. 

Phosphoras  is  said  to  take  fire  when  heated 
to  150*  and  sulphur  to  550^.  Hydrogen  in- 
flames with  chlorine  at  a  bwer  temperature 
tlian  with  oxygen.  By  exposing  oxygen  and 
hydrogen,  confined  in  glass  tu^  to  a  very 
dull  red  (about  800  F.)  they  explode.  When 
the  heat  was  about  700  F.  they  combined  ra- 
pidly with  a  species  of  silent  combustion.  A 
mixture  of  common  air  and  hydrogen  was  in- 
troduced into  a  small  copper  tube,  havhig  a 
stopper  not  quite  tight;  the  copper  tube  was 
placed  in  a  charcoal  fire ;  before  It  became  vi^ 
stbly  red-hot  an  explosion  took  place,  and  the 
stopper  was  driven  out  We  see,  therefore, 
that  the  inflammg  temperatnre  is  iiid^iendait 
of  compression  or  rarefaction. 

Hie  ratio  of  the  combustibility  of  the  difler- 
ent  gaseous  matters  is  likewise,  to  a  certain 
extent,  as  the  masses  of  heated  matters  re- 
quired to  inflame  them.  Thus,  an  iron  wire 
l-40th  of  an  inch,  heated  eheiry-ied,  will  not 
Inflame  dlefiant  gas,  but  it  will  inflame  hydro- 
gen gas.  A  wire  of  1.8th,  heated  tothe  same 
degree,  will  inflame  oleflant  gas.  But  a  wire 
j^  of  an  inch  must  be  heated  to  whiteness  to 
inflame  hydrogen,  thon^  at  a  low  red  heat  it 
will  inflame  biphosphuretted  gas.  Yet  wire  of 
l.40th^  heated  even  to  wbiteneM,  will  not  in- 
flame mixtures  of  fire-damp.  Carbonic  oxide 
inflames  in  the  atmosphere  when  brought  into 
contact  with  an  iron  wire  heated  to  dull  red- 
ness ;  whereas  carburetted  hydrogen  is  not  in- 
flammable, unless  the  iion  is  heated  to  white- 
ness, to  as  to  bum  with  sparks. 


These  cifcamstances  wiH  expbaa  why  • 
mesh  of  wire^  somuch  fineror  smaller,  n  re- 
quired to  prevent  the  explonon  from  hjdtogen 
and  oxygen  from  passing ;  and  why  so  coaase 
a  texture  and  wire  are  sufficient  to  pmrent  the 
exploBon  of  tlie  fire-damp,  forttuoatdy  tlie 
least  combustible  ofall  the  inflammable  gases 
known.  The  flame  of  sulphur,  whidi  kin* 
dies  at  so  low  a  temperature^  will  exist  under 
refrigerating  processes,  which  extinguiah  die 
flame  of  hydrogen  and  all  carbutetted  gases. 

Let  the  sms&est  possible  flame  be  nude  by 
a  sm^e  duesd  of  cotton  immmwd  in  oil,  and 
binning  immediately  upon  the  anrface  of  tlie 
oiL  n  will  be  found  to  yield  a  flame  about 
l-30th  of  an  inch  in  diameter.  Let  a  fine 
iron  wire  of -j^  of  an  indi,  made  into  »  ring 
of  1.40th  of  an  inch  diameter,  be  bionght 
over  the  flame.  Though  at  such  m  distaiioe, 
it  will  instantly  extinguish  the  flame,  if  H  be 
cold:  but  if  it  be  htM  above  the  flame,  so  as 
to  be  slightly  heated,  the  flame  may  be  passed 
through  it  without  being  extinguished.  That 
the  e&et  depends  entirdy  on  tSie  power  of  the 
metal  to  abstract  the  hMt  f^  flame  is  shvwn 
by  briogmg  a  ghus  capiUary  ring  of  tlie  *ttme 
diameter  and  size  over  the  flame.  Tfab  being 
a  much  worse  conductor  of  heat,  wffl  not, 
even  when  cold,  extinguish  it  If  its  siae, 
however,  be  made  greater,  and  its  droomfe- 
renoe  smalkr,  it  will  act  like  the  met^Iic 
wire,  and  require  io  be  heated  to  prevent  it 
ft«n  extinguishing  the  flame.  Now  a  flame 
of  sulphur  may  be  made  mndi  smalkr  than 
that  of  hydrogen ;  one  of  hydrogen  may  be 
made  much  smaller  dum  that  of  a  wick  fed 
with  oil ;  and  diat  of  a  wkk  ted  witb  oil 
smaller  than  that  of  csfaurettedhydngen.  A 
ring  of  cool  wire,  which  instsntly  extinguidies 
the  flsme  of  carburetted  hydrogen,  diminishea 
but  slightly  the  sise  of  a  flame  of  snlphur  of 
the  same  dimensions. 

By  the  fidlowii^  sunple  eontrivnoe,  we 
may  determine  the  relative  facility  of  bnming, 
among  difierent  oombnstibleB.  Prepaie  a  ae- 
ries of  metallic  globules  of  differant  sises,  lyy 
farion  at  the  e^  of  iron  wires,  and  light  a 
series  of  very  minute  flames  of  diffevent  bodies 
all  of  one  sue.  If  a  (j^bule  l-90th  of  an  indt 
diameter  be  brought  near  an  oil  flame  of  l-30di 
in  diameter,  it  will  extinguish  it,  when  edd, 
at  the  distance  of  a  diameter.  The  sise  of  the 
sphenile  adequate  to  the  extftnetion  of  the  par- 
Heular  flame  will  be  a  measure  of  its  combus- 
tibility. If  the  elobule  be  heated,  howeveiH 
the  distance  will  diminish  at  which  it  produces 
extinction.  At  a  white  heat,  the  globule,  in 
the  above  instance,  does  not  extinguish  it  by 
sctual  contact,  though  at  a  dull  rod  heat  it 
immediatdy  produces  the  eflbct. 

ad,  0/  the  nature  ofjiame,  and  of  the  re- 
latum  between  the  light  and  the  heat  wAicA 
compote  it.  The  flame  of  combustible  bodies 
may,  in  all  cases,  be  considered  as  the  ooni- 
bustion  of  an  esploeive  mixture  of  inflsm- 
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maUe  gai,  or  vapitur,  with  air.  It  cannot  be 
regarded  as  a  mere  combuation,  at  the  surfiuie 
of  coDtact,  of  the  inflaiQmable  matter.  Tbig 
fact  is  proved  by  holding  a  taper,  or  a  piece 
of  burning  phoapborua,  within  a  large  flame 
made  by  the  combustion  of  aloohoL  The 
flame  of  the  taper,  or  of  the  pboephonu,  will 
appear  in  the  centre  of  the  other  flame,  proy* 
ing  that  there  is  oxygen  even  in  its  interior 
part*  When  a  wiie-gauxe  safe^lamp  is  made 
to  bum  in  a  very  explosive  mixture  of  coal 
^as  and  air,  the  light  is  feeble,  and  of  a  pale 
colour.  Mliereas  the  flame  of  a  current  of 
coal  gas  burnt  in  the  atmosphere,  as  is  wdl 
known  by  the  phenomena  of  the  gas  lights,  is 
extremely  brilliant.  It  becomes,  therefore,  a 
problem  of  some  inteiest,  ^'  Why  the  com. 
buation  of  explosive  mixtures,  under  different 
circumstances,  should  produce  sudi  diffeient 
appearances  ?"  In  reflecting  on  the  circum. 
atances  of  these  two  spedes  of  combustion.  Sir 
H.  Davy  was  led  to  imagine  that  the  cause 
of  the  supenoiity  of  the  light  of  the  stream  of 
coal  gas,  might  be  owing  to  the  decomposition 
of  a  pan  of  the  gas,  towards  the  interior  of  the 
Bjuasy  where  the  air  was  in  the  smallest  quan- 
tity,  and  the  deposition  of  solid  diarcoal, 
which  first  by  its  igtiition^  and  afterwards  by 
its  combutiiou^  increased,  in  a  high  degree, 
the  intensity  of  tlie  light.  The  fallowing  ex- 
pcrimenta  shew,  that  this  is  the  true  solutiaii 
of  the  problem^ 

If  we  hold  a  piece  of  wire-gauae,  of  about 
900  iqpertures  to  the  square  indi,  over.astBeam 
of  ooal  gas  issuing  man  a  small  pipe,  and  if 
we  inflame  the  gas  above  the  wire-gauze  left 
almost  in  contact  with  the  orifice  of  the  pipe, 
it  bums  with  its  usual  bright  light  On 
raising  the  wire-gause  so  as  to  cause  the  gas 
to  be  mixed  wi£  more  air  before  it  inflames, 
the  light  becomes  feebler,  and  at  a  certain  dis- 
tsnce  the  flame  assumes  the  precise  chazacter 
of  that  of  an  explosive  mixture  burning  within 
the  lamp.  But  though  the  light  is  so  feeble 
in  this  case,  the  heat  is  greater  than  when  the 
light  is  much  more  vivl£  A  piece  of  wire  of 
tkUtina,  held  in  this  feeUe  blue  flame,  be- 
comes  Instantly  white.hot 

On  revening  the  experiment,  by  inflaming 
a  stream  of  coal  gas,  and  passing  a  piece  ctf 
wire-gauze  gradually  from  the  summit  of  the 
flame  to  the  orifice  of  the  pipe,  the  result  is 
stiU  more  instructive.  li  is  found  that  the 
apes  of  the  flame,  intercepted  by  the  wire- 
gsuxe*  afibrds  no  solid  chai^oal ;  but  in  pass- 
ing  it  downwards,  solid  charcoal  is  given  off 
in  considerable  quantities,  and  prevented  from 
burning  by  the  cooling  agenqr  of  the  wire- 
gauze.  At  the  bottom  of  &  flame,  where  the 
gas  bmmed  blue,  in  its  immediate  contact 
with  the  atmosphere,  charcoal  ceased  to  be 
deposited  in  visible  quantities. 

The  principle  of  the  increase  of  the  bril- 
liancy  and  density  of  flame,  by  the  production 
and  ignition  of  solid  matter,  appears  to  admit 


of  many  ajqplicaUDns.  Thus*  olefiant  gas  gi  vet 
the  most  brilliant  white  light  of  all  combustible 
gases,  because,  as  we  leam  from  Berthollet*s 
experiments,  related  under  carburetted  hydro- 
gen, at  a  very  high  temperature  it  deposiu  a 
very  large  quantity  of  solid  carbon.  Phos- 
phoms,  which  rises  in  viqpour,  at  common 
temperatures,  and  the  vapour  of  which  com- 
bines with  oxygen  at  those  temperatures,  is 
always  luminous;  for  each  particle  of  add 
formed  must,  there  is  ewy  reason  to  believe, 
be  white-hot.  So  few  of  these  particles,  how« 
ever,  exist  in  a  given  space,  that  they  scarcely 
raise  the  temperature  of  a  solid  body  exposed 
to  them,  though,  as  in  the  rapid  combustion  of 
phosphorus,  where  immense  numbers  are  ex- 
istiDg  in  a  small  spacCf  they  produce  a  most 
intense  heat. 

The  above  principle  readily  explains  tho 
appearances  of  ibe  difierent  parts  of  the  flames 
of  burning  bodies,  and  of  flame  urged  by  the 
blowpipe.  The  point  of  the  inner  blue  flame, 
where  the  heat  is  greatest,  is  the  point  where 
the  whole,  of  the  charcoal  is  burned  in  ita 
gaseous  combinations,  without  previous  depo- 


It  explains  also  the  intensity  of  the  light 
of  those  Jlamex  in  yrldchflx'ed  solid  matter  is 
produced  in  combustion,  such  as  the  flame  of 
pjMsphorus  and  of  zmc  in  oxygen,  &,c  and  of 
potassium  in^  chlorine,  and  the  feebleness  of 
the  light  of  those  flames  in  which  gasooua 
and  volatile  matter  akme  is  produced,  such  as 
those  of  hydrogen  and  of  sulphur  in  oxygen* 
phosphorus  in  cldorine,  &c 

It  offers  means  of  increasmg  the  light  of 
certain  burning  substances,  by  placing  in  their 
flames  even  incombnstihle  substances.  Thu» 
the  intensity  of  the  light  o£  burning  sulphur, 
hydrogen,  carbonic  oxide,  &c  is  wond^fiiUy 
increased  by  throwing  into  them  oxide  of  sine,. 
or  by  placing  in  them  very  fine  amianthus  or 
metallic  gauze. 

It  leads  to  deductions  concerning  the  che- 
mical nature  of  bodies,  and  various  phenomena 
of  their  decomposition.  Thus  ether  bums 
witli  a  flame  wldch  seems  to  indicate  the  pre- 
sence of  olefiant  gas  in  that  substance.  Alco- 
hol bums  with  a  flame  similar  to  that  of  a 
mixture  of  carbonic  oxide  and  hydrogen. 
Hence  the  first  is  probably  a  binary  compound 
of  olefiant  gas  and  water,  and  the  second  of 
carbonic  oxide  and  hydrogen.  When  proto- 
chloride  of  copper  is  introduced  into  the  flaiue 
of  a  candle  or  lamp,  it  affords  a  peculisr  dense 
and  brilliant  red  light,  tinged  with  green  and 
blue  towards  the  e^es,  which  seems  to  depend 
upon  the  chlorine  b&g  separated  from  the  cop- 
per by  the  hydrogen,  and  the  ignition  and  com- 
bustion of  the  solid  copper  and  charcoal. 

Similar  explanations  may  be  given  of  the 
phenomena  presented  by  the  action  of  other 
combinations  of  chlorine  on  flame ;  and  it  is 

C'Mible,  in  many  of  those  cases,  when  the  co- 
of  flame  is  changed  by  the  introduction  of 
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incombustible  oompounda,  that  the  effect  de- 
pends on  the  prodnction,  and  subsequent  igni- 
tion or  combustion,  of  pflaznmable  matter  fnm 
them.  Thus  the  rose  coloured  light  given  to 
flame  by  the  compounds  of  strontium  and  caL 
dum,  and  the  yellow  colour  given  by  those  of 
barium,  and  the  green  by  those  of  boron,  may 
depend  upon  a  temporary  production  of  these 
bases,  by  the  inflammable  matter  of  the  flam 
Dr.  Clarke*B  experimenu  on  the  reduction  of 
barytes,  by  the  hydroxygen  lamp,  is&vourable 
to  this  idea.  Nor  should  any  supposed  inade- 
quacy of  heat  in  ordinary  flame  prevent  us  &om 
adopting  this  conclusion.  Flame,  or  gaseous 
matter,  heated  so  highly  as  to  be  luminous,  pos- 
sesses a  temperature  beyond  the  white  heat  of 
solid  bodies,  as  is  shown  by  the  circumstance, 
that  air  not  luminous  will  communicate  this 
ilegree  of  heat  This  is  proved  by  a  simple 
experiment  Hold  a  fine  wire  of  platinum 
about  l-20th  of  an  inch  from  the  exterior  of  the 
middle  of  the  flame  of  a  spirit-lamp,  and  con- 
ceal the  flame  by  an  opaque  body.  The  wire 
will  become  white-hot  in  a  space  where  there 
is  no  visible  light  The  real  temperature  of 
visible  flame  is  peifaaps  as  high  as  any  we  are 
acquainted  with.  Mr.  Tennant  used  to  illus- 
trate this  position,  bv  fusing  a  small  filament 
of  ^tinum  in  the  flame  of  a  common  candle. 
These  views  will  probably  <4Sa  lUustratioDS 
of  electrical  light  The  voltaic  arc  of  flame 
from  the  great  battery  difien  in  colour  and 
intensity,  according  to  tne  substances  employed 
in  the  circuit,  and  is  infinitely  more  brilliant 
and  dense  widi  charcoal  than  with  any  other 
substance.  May  not  this  depend,  says  Sir  H. 
Davy,  unon  particles  of  the  substances  sepa- 
rated  by  uw  electrical  attEBCtiona?  And  the  par- 


tides  of  chazooal,  being  the  ligfatert  among 
solid  bodies  (as  thdr  prime  equivalent  shows), 
and  the  least  coherent*  would  be  sepaated  io 
the  largest  quantities. 

The  heat  of  flames  may  be  actoally  dimi' 
nished  by  increasing  their  light  (at  least  the 
heat  conmiunicable  to  other  nuitta),  and  ricr 
versa*  The  flame  from  oomhaation,  which 
produces  the  most  intense  heat  amongst  those 
which  have  been  examined,  is  that  of  a  mix- 
ture of  oxygen  and  hydrogen  compressed  in 
Newniann*s  blowpipe  apparatus.  (See  Blow- 
Pirs).  This  flame  is  hardly  visible  in  bright 
day-light,  yet  it  instantly  fuses  the  most  re- 
iractory  bodies ;  and  the  I%ht  ftom  solid  bodies 
ignited  in  it  is  so  vivid  as  to  be  painful  to  the 
eye.  This  application  certainly  originated 
from  Sir  H.  Davy's  discovery,  that  the  explo- 
sion from  oxygen  and  hydrogen  would  not  com- 
municate through  very  small  apertures,  and  be 
himself  first  tried  the  experiment  with  a  fine 
glass  capillary  tube.  The  flame  was  not  vid- 
hie  at  the  end  of  this  tube,  being  overpowered 
by  the  brilliant  star  of  the  glass,  ignited  at  the 
aperture. 
3.  Qfiheheatditengagedhydijfcradcom' 

hustible$  in  the  act  of  burning', 

Lavoisier,  Crawford,  Dalton,  and  Romibnl, 
in  succession,  made  experiments  to  determine 
the  quantity  of  heat  evolved  in  the  combostioa 
of  various  bodies.  The  apparatus  used  by  the 
last  was  peifecdy  simple,  and  perhaps  the  most 
precise  of  the  whole.  The  heat  was  conducted 
by  flattened  pipes  of  metal,  into  the  heart  of  a 
body  of  water,  and  was  measured  by  the  tem- 
perature unparted.  The  following  i«  »  gcnerst 
table  of  results:-- 


SubttanoM  burned,  i  lb. 

i^SSd 

Ice  melted  in  lbs.                       1 

in  lbs. 

Lavoiticr. 

Cntwiotd. 

Dalton. 

Rumford. 

Hydrogen, 

7-5 

295-6 

480 

320 

Carburetted  hydrogen, 

4 

85 

Olefiant  gas. 

350 

88 

Carbonic  oxide, 

0.58 

25 

OKveoil,  • 

3.00 

149 

89 

104 

9407 

Rape  oil,  • 

30 

12410 

Wlx,        .        .        . 

3.0 

133 

97 

104 

126.24 

Tallow,     . 

3.0 

96 

104 

111-58 

Oil  of  turpentine. 

60 

Alcdiol,     .        .        . 

20? 

58 

67-47 

Ether,  sulphuric. 

3 

62 

10703 

Naphtha,  • 

97-83 

Phosphorus, 

133 

100 

60 

Charcoal, 

266 

96.5 

69 

40 

Sulphur,    • 

100 

20 

Camphor, 

70 

Caoutchouc, 

42 

The  discrepancies  in  the  preceding  table  are    ments  oo  the  subject.    Count  Rumfbrd  made 
sttflident  to  show  the  necessity  of  new  experi-    a  series  of  experiments  on  the  heat  given  oat 
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«iftiifig  tbe  combustion  of  different  woods.  He 
foand  that  one  pound  of  wood  by  burning, 
produced  as  mudi  beat  as  would  have  melt«i 
from  about  34  to  54  pounds  of  ice.  Tbe 
aversf^e  quantitj  is  about  40.  MM.  Clement 
and  Desonnes  find  that  woods  give  out  heat  in 
the  ratio  of  their  respective  quantities  of  car- 
bon ;  which  they  state  to  be  equal  to  one  half 
of  their  total  weight.  Hence,  they^assign  43 
pounds  as  the  quantity  of  ice  mdted,  in  bum. 
iDg  one  of  wood,  in  treating  of  acetic  add 
and  carbon,  I  have  already  taken  occasion  to 
state,  that  they  appear  probably  to  overrate 
the  proportion  of  carbon  in  woods. 

Tbe  preceding  table  is  incorrectly  given  in 
several  respects  by  our  systematic  writers ;  Dr. 
Thofnaoo,  for  example,  states  that  1  pound  of 
hydrogen  consumes  only  6  pounds  of  oxygen, 
though  the  saturating  proportion  assign«l  by 
him  is  8  pounds.  The  proportions  of  oxygen 
consumed  by  olive  oil,  phosphorus,  charcoal, 
and  sulphur,  are  all  in  like  manner  erroneous. 

In  voL  i.  p.  184,  of  Dr.  Black*s  Ijcctures, 
we  have  the  ftdlowing  notes.  ^^  100  pounds 
weighf  of  the  best  Newcastle  coal,  when  ap- 
pUcd  by  the  most  judiciously  constructed  fur. 
naoe,  will  convert  about  1-f  wine  hogsheads  of 
water,  into  steam  that  supports  the  pressure  of 
the  atmosphere.'*  1^  hogsheads  of  water 
weish  about  700  pounds.  Hence,  1  part  of 
coal  will  convert  nearly  8  parts  of  water  into 
steam.  Coont  Rumfora  says,  that  the  heat 
generated  in  the  combustion  of  I  pound  of  pit. 
eoal,  would  make  36^  pounds  of  icccold 
water  boiL  But  we  know  that  it  requires  fully 
5^  times  aa  nmch  heat  to  convert  the  boiling 

38.3 
water  into  steam.     Therefore,  --—•  =  62,  is 
5.0 

the  weight  of  water  that  would  be  converted 
into  steam  by  one  pound  of  coal. 

Mr.  Watt  found,  that  it  requires  8  feet  sur. 
face  of  boiler  to  be  exposed  to  fire  to  boil  off 
one  cubic  foot  of  water  per  hour,  and  that  a 
bnshd  or  84  pounds  of  Newcastle  coal  so 
spplicd,  will  boil  off  from  8  to  12  cubic  feet. 
He  rated  the  heat  expended  in  boiling  off  a 
cubic  foot  of  water,  to  be  about  six  times  as 
much  as  would  bring  it  to  a  boiling  heat  from 
the  medium  temperature  (55«)  in  this  climate. 
The  mean  quantity  is  10  cubic  feet,  which 
wei^  825  pounds.  Hence,  I  pound  of  coal 
burnt,  is  equivalent  to  boil  off  in  »team  nearly 
7^  lbs.  of  water,  at  the  temperature  of  56^ 

In  situations  where  wood  was  employed  for 
fuel  to  Mr.  Wattes  engines,  he  aDowed  three 
times  tbe  weight  of  it,  that  he  did  of  New- 
castle  coaL  The  cubical  coal  of  tbe  Glasgow 
coal  district  is  reckoned  to  have  only  }  the 
calorific  power  of  the  Newcastle  coal ;  and  the 
small  omJ  or  culm  requires  to  be  used  in 
double  weight,  to  produce  an  equal  heat  with 
the  krger  pieoeL  A  bushel  of  Newcastle 
coal  is  equivalent  to  a  hundred  we^t  of  the 
O^gow. 


I  shall  now  describe  the  experiments  recently 
made  on  this  subject  by  Sir  H.  Davy,  subser- 
vient to  his  researches  on  the  nature  of  flame. 
A  mercurial  gas-holder,  furnished  with  a  system 
of  8top.cocks,  terminated  in  a  strong  tube  of 
platinum,  having  a  minute  aperture.  Above 
tliLH  was  fixed  a  copper  cup  filled  with  oliye 
oil,  in  which  a  theimometer  was  placed.  The 
oil  was  heated  to  212°,  to  prevent  any  differ- 
ence in  the  communication  of  heat,  by  the 
condensation  of  aqueous  vapour ;  the  pressure 
was  the  same  for  the  different  gases ;  and  they 
were  consumed  as  nearly  as  possible  in  the 
same  time,  and  the  fiame  applied  to  the  same 
point  of  the  copper  cup,  the  bottom  of  which 
was  wiped  after  each  experiment.  The  results 
were  ss  follows :-« 

ciii>i<f9r»«e  Rise  of  therm.   Oxygen    Ratios  of 

ouDSunces.  f,^^  j,,^  ^^  consumed,     heat. 

defiant  gas,  270«  M  9.66  j 

Hydrogen,  238  1.0  26.0 

Sulph.  hydrogen,  232  ao  6.66 

Coal  gas,  236  4.0  6.00 

Carbmiic  oxide,  218  1.0  &00 

The  data  on  which  Sir  H.  calculatea  the 
ratios  of  heat  are  the  elevations  of  temperature 
and  the  quantities  of  oxygen  consumed  con. 
iomdy.  We  see  that  hydrogen  produces  mote 
beat  in  combustion  than  any  of  ita  compounda, 
a  fact  accordant  with  Mr.  Dalton's  results  in 
the  former  table ;  only  Sir  H.  Davy's  ratio  is  f 

more  than  double  that  of  Mr.  Dalton's,  as  to 
hydrogen,  and  carburetted  hydrogen.  On  this 
point,  however.  Sir  H.  with  his  usual  sagacity 
remarks,  that  it  will  be  useless  to  reason  upon 
the  ratios  ss  exact,  for  charcoal  was  deposited 
from  both  the  olefiant  gas  and  coal  gas  during 
the  experiment,  and  much  sulphur  was  depo* 
sited  from  the  sulphuretted  hydrogen.  It  con- 
firms, however,  the  general  condusions,  and 
proves  that  hydrosen  stands  at  the  head  of  the 
scale,  and  carbonic  oxide  at  the  bottom.  It 
might  at  first  view  be  imagined,  that,  according 
to  this  scale,  the  flame  of  carbonic  o;cide  ought 
to  be  extinguished  by  rarefaction  at  the  same 
degree  as  tluit  of  carburetted  hydrogen ;  but  it 
must  be  Remembered,  as  has  hwa  already 
shown,  that  carbonic  oxide  is  much  more  easily 
kindled,  a  more  aecendible  gas. 

4.  Cfthe  eatuet  •which  modify  or  extkiguUh 
combustion  or/lame. 

The  earlier  experimenters  upon  the  Boylean 
vacuum  observed,  that  flame  ceased  in  highly 
raxefied  air;  but  tbe  degree  of  rarefaction  ne- 
cessary for  this  effect  has  been  differently 
stated.  On  this  point  Sir  H.  Davy's  investi- 
gations are  peculiarly  beautiful  and  instructive. 
When  hydrogen  gas,  slowly  produced  from  a 
proper  mixture,  was  infiamed  at  a  fine  orifice 
of  a  glass  tube,  as  in  Priestley's  philosophical 
candle^  so  as  to  make  a  jet  of  fiame  of  about  1 .6th 
of  an  inch  in  height,  and  introduced  under  tha 
receiver  of  an  air-pump,  containing  from  900 
to  300  cubical  oi^ea  m  air,  the  fla^if  enlai^ge^ 
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w  the  Kodvfr  became  exhausted ;  and  when 
the  gauge  indicated  a  pressure  between  4  and 
0  tim^  less  than  that  of  the  atmoq^here,  was 
at  its  maximum  of  size;  it  then  gradually 
diminished  below,  but  buned  above,  till  its 
pressure  was  between  7  and  8  times  leas; 
when  it  beeame  extinguished. 

To  ascertain  whether  the  effect  depended 
upon  the  defidenqr  of  oxygen,  he  used  a  larger 
j^  with  the  same  apparatus,  when  the  flame, 
to  Kis  surprise,  burned  longer ;  even  when  the 
atmosphere  was  rarefied  10  times ;  and  this  in 
repeated  trials.  When  the  larger  jet  was  used, 
the  point  of  the  glass  tube  b^ame  white-hot, 
and  continued  red-hot  till  the  flame  was  extin- 

Siished.  It  immediately  occurred  to  him,  diat 
e  heat  communicated  to  the  gas  by  this  tube 
was  the  cause  that  the  combustion  continued 
longer  in  the  last  trials  when  the  larger  flame 
was  used ;  and  the  following  experiments  con- 
firmed the  condition.  A  piece  of  wire  of 
platinum  was  coiled  round  the  top  of  the  tube, 
so  as  to  reach  into  and  above  the  flame.  The 
jet  of  gas  of  l-6th  of  an  inch  in  height  was 
lighted,  and  the  exhaustion  made.  The  wire  of 
piatfaum  soon  became  white-hot  ip  the  centre  of 
the  flame,  and  a  small  pohit  of  whre  near  the  top 
fuMd.  It  continued  white-hot  till  the  pressure 
was  6  thnes  less.  When  it  was  10  times,  it 
continued  red-hot  at  the  upper  part,  and  as 
lepg  as  it  was  dull  red,  the  gas,  though  oer- 
Uimy  extinguished  below,  continued  to  bum 
in  contact  with  the  hot  wire ;  and  the  com- 
bustion did  not  cease  until  the  pressure  was 
reduced  13  times. 

It  appears  from  this  resulf,  that  the  flame  of 
hydrogen  is  extinguished  in  rarefled  atmo- 
spheres,  only  when  the  heat  it  produces  is  in- 
sttlRoient  to  keep  up  the  combustion  ;  which 
appears  to  be  when  it  is  incapable  of  commu- 
nicating visible  ignition  to  metal ;  and  as  this 
is  the  temperature  required  for  the  inflamma- 
Cion  of  hydrogen  (see  section  1st),  at  common 
pressure,  it  appears  that  its  comhtirtibUHy  is 
neither  diminished  nor  increased  by  rareftction 
from  the  removal  of  pressure. 

According  to  this  view  with  respect  to  by. 
drogen,  it  should  follow,  that  those  amongst 
other  «ombu8<ible  bodies,  whidi  require  less 
heat  for  their  aocension,  ought  to  bum  in  more 
tmrefied  air  than  those  that  require  more  heat ; 
and  those  which  produce  much  heat  in  thehr 
MHnbustioti  ou^t  to  bom,  other  circumstances 
being  the  same,  in  more  rarefied  air,  than  those 
that  produce  little  hc«t  Every  experfaneot 
afnee  made  eonllrms  these  eondusioni.  Thus 
oleflmf  gas,  whidi  approaches  nearly  to  hydro- 
geo,  in  the  tBroperatuie  prodoeed  by  its  com- 
bustioo,  and  which  does  not  leqnire  a  much 
Mgher  temperature  ftr  its  aeoeniion,  when  its 
iMSe  was  made  by  a  jet  of  gas  hom  a  bladder 
wmiMted  with  a  smaB  tube,  fbmished  with 
a  wii«  of  platinum,  under  the  same  cmnim- 
itaaccs  as  hydrogen,  ceased  to  bum  when  tfie 
Fwswire  was  diminished  between  10  and  11 


times.  And  the  flames  of  alediQl  and  of  the 
wax  taper,  which  require  a  greater  consamptios 
of  caloric  for  the  yolatilixatioo  and  decompo- 
sltion  of  their  combustible  matter,  wen  extin- 
guished when  the  pressure  was  5  or  6  times  ks 
without  the  wire  tk  platinum,  and  7  oi  8  timet 
less  when  the  wire  was  kqpt  in  the  flsme. 
Light  carburetted  hydrogen,  which  prodnees, 
as  we  have  seen,  less  heat  in  oombostiaD  dai 
any  of  the  common  combustible  gases,  exeept 
carbonic  oxide,  and  which  requires  a  hidxr 
temperature  for  its  aeoensidn  than  any  other, 
has  its  flame  extinguished,  even  though  the 
tube  was  furnished  with  the  wire  when  the 
pressure  was  below  l-4th. 

The  flame  of  carbonic  oxide,  wfaidi,  fliongh 
it  produces  little  heat  in  cambustion,  b  ■ 
acoendible  as  hydrogen,  burned  when  the  wire 
was  used,  the  pressure  being  l-Oth. 

The  flame  of  sulphuretted  hydiogen,  the 
heat  of  which  is  in  some  measure  osnied  of 
by  the  sulphur  produced  by  its  deoompositioo 
during  its  combustion  in  rare  air,  when  burned 
in  the  same  apparatus  as  the  olefiant  and  othv 
gases,  was  extinguished  when  the  pressuie  wsi 
1.7th. 

Sulphur,  which  requires  a  lower  temperatnR 
for  its  aocension  than  any  common  inflanuns^ 
ble  substance,  except  phosphorus,  burned  with 
a  very  feeble  blue  flame  in  air  rarefied  15 
tunes ;  and  at  this  pressure  the  flame  heated  s 
wire  of  plathoum  to  dull  redness ;  nor  was  it 
cxtingid^ed  till  the  pressure  was  reduced  to 
l-SOdi.  From  the  preceding  experimental 
facts  we  may  infer,  that  tibe  Uper  would  be 
extinguished  at  a  hei^t  of  between  9  and  10 
miles,  hydrogen  between  12  and  13,  and  sul- 
phur between  15  and  18. 

Phosphonis,  as  has  been  shown  by  M.  Van 
Manim,  burns  in  an  atmosphere  rarefied  00 
times.  Sir  H.  Davy  found,  that  phosphuretted 
hydrogen  produced  a  flash  of  light  when  ad- 
mitted  faito  the  best  vacuum  that  could  be 
made  by  an  excellent  pump  of  Naime*s  con- 
struction. 

Chlorine  and  hydrogen  inflame  at  a  much 
lower  temperature  than  oxygen  and  hydrogen. 
Hence,  the  former  mixture  explodes  when  rare- 
fied 24  times;  the  latter  ceases  to  explode 
when  rarefied  18  times.  Heat  extrinsicslly 
applied  carries  on  combustion  when  it  would 
Otherwise  be  extinguished.  Camphor,  in  a 
thick  metallic  tube,  which  disperses  the  heat, 
ceases  to  bum  in  air  rarefied  6  times;  in  s 
glass  tube  which  becomes  ignited,  the  flsme  of 
camphor  exists  under  a  ninefold  rarefaction. 
Contact  with  a  red-hot  iron  makes  naphtha 
riow  with  a  lambent  flame  at  a  rarrfaction  of 
30  times;  diough  without  foreign  heat,  its 
flame  dies  at  an  atmospheric  rarefaction  of  fi* 
If  the  mixture  of  oxygen  and  hydrogen,  ex- 
panded  to  its  non-explosive  tenuity,  be  exposed 
to  the  ignition  of  a  glass  tube,  the  electric 
spark  will  then  cause  an  expfamoo,  at  leMt  in 
the  heated  portion  of  the 
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We  ifaiJl  now  detail  briefly  Oie  effiicbi  of 
Mrefaetkn  by  heat  on  oombastion  and  explo- 
sion. Under  Cai^oaic  we  have  shown^  that 
aiT,  by  being  heated  ftom  32«  to  212*  expands 
S-Sths,  or  8  parts  beoome  11.  Sir  H.  Davy 
jUBtly  estimatea  the  temperatnxe  coirespondiiig 
to  un  increase  of  one  Tolume  of  air  at  212<*, 
into  24  ▼olumes  (which  took  place  when  the 
enclosing  glass  tube  began  to  loflen  with  igni- 
tion),  at  10360  Fahr. 

Sir  U.  introduced  into  a  small  glass  lube, 
OTer  well  boiled  mercuTy,  a  mixture  of  two 
parts  of  hydrogen  and  one  of  oxygen,  and 
heated  the  tube  by  a  spiriulamp,  till  the  vo- 
lume  of  the  gas  was  increased  from  1  to  2.5. 
By  means  of  a  blowpipe  and  another  lamp,  he 
made  the  upper  part  of  the  tube  red-hot,  when 
an  explosion  instantly  took  place.  This  ex- 
periment refutes  the  notions  of  JVC.  de  Grott- 
lius,  on  the  non-explosiveness  of  that  mixture, 
when  expanded  by  beat.  He  introduced  into 
a  bladder  a  mixture  of  oxygen  and  hydrogen, 
and  connected  this  bladder  with  a  thick  glass 
tube  of  about  one-sixth  of  an  inch  in  diameter, 
and  three  feet  long,  cunred  so  that  it  could  be 
gradually  heated  in  a  charcoal  furnace :  tnro 
spirit-lamps  were  placed  under  the  tube,  where 
it  entered  the  charcoal  fire,  and  the  mixture 
was  very  slowly  pa&sed  through.  An  explo. 
sicio  took  place  before  the  tube  was  red-hot. 
This  fine  experient  shows,  that  expansion  by 
fc^at,  Instead  of  diminishing  the  accendibili^ 
of  gases,  enables  them,  on  the  contrary,  to  ex- 
plode apparently  at  a  lower  temperature; 
which  seems  perfectly  reasonable,  as  a  part  of 
the  heat  communicated  by  any  ignited  body 
must  be  lost  in  gradually  raising  the  tempe- 
rature. 

M .  do  Orotthus  has  stated,  that  if  a  glowing 
eo^  be  brought  into  contact  with  a  mixture  of 
oxygen  and  hydrogen,  it  only  rarefies  tfaem, 
hut  does  not  explode  them .  This  depends  on 
die  degree  of  heat  communicated  by  the  coal. 
If  it  is  red  in  day-light,  and  free  from  ashes,  it 
uniformly  explodes  the  mixture.  If  its  red- 
ness be  barely  visible  in  the  shade,  it  will  not 
explode  them,  but  cause  their  slow  eombina. 
tion.  The  general  phenomenon  is  wholly  un- 
connected with  raremction,  as  is  shown  hy  the 
following  circumstance:  When  the  heat  is 
greatest,  and  before  the  invisible  combination 
M  completed,  if  an  iron  wire,  heated  to  white- 
ness, be  placed  upon  the  coal  within  the  ves- 
s^  the  mixture  instantly  explodes. 

Subcarburetted  hydrogen,  or  fire-damp,  as 
has  been  shown,  requires  a  very  strong  heat 
for  its  infiammation.  It  therefore  offered  a 
good  substance  for  an  experiment  on  the  eileet 
of  hi^  degrees  of  rarefaction,  by  heat,  on 
combustion.  One  part  of  this  gas,  and  eight 
of  air,  were  mixed  together,  and  introduced 
into  a  bladder  fumisbed  with  a  capillary  tabe. 
This  tnbe  was  heated  till  it  begian  to  m^ 
The  mixtare  was  then  passed  through  it  into 
the  flame  of  a  sphrit-lamp,  when  it  took  fire, 


and  bumed  with  its  own  peculiar  explosive 
light,  b^ond  the  flame  ci  the  lamp ;  and  when 
wlthdfawo,  though  the  aperture  was  quite 
white*bot,  it  continued  to  bum  vividly. 

Tliat  the  compression  in  one  part  cf  an  ex- 
plosive mixture,  produced  by  the  sudden  ex- 
pansion of  another  part  by  h^t,  or  the  electric 
spark,  is  not  the  cause  of  combustion,  as  has 
been  supposed  by  Mr.  Higgins,  M.  BerthoUet, 
and  others,  appears  to  be  evident  from  what 
has  been  stated,  aitfl  is  rendeced  still  more  so 
by  the  following  facts :  A  mixluse  of  biphot- 
phuretted  hydr<^en  gas  and  oxygen,  whidi 
explode  at  a  heat  a  litde  above  tliat  of  boiling 
water,  was  confined  by  mercury,  and  very  gra- 
dually heated  on  a  sand  bath.  When  ihe 
temperature  of  the  mercury  was  242<>,  the 
mixture  exploded.  A  similar  mixture  wa^ 
placed  in  a  receiver  communicating  with  a 
condensing  syringe,  and  condensed  over  mer- 
cury  till  it  occupied  only  one-fifth  of  its  ori. 
ginal  volume.  No  explosion  took  place*  and  no 
chemical  change  had  occurred ;  for  when  its 
volume  was  restored,  it  was  instantly  exploded 
by  tlie  spirit-lamp. 

It  would  appear  then  that  the  heal  given 
out  by  the  compression  of  ^ases,  is  the  real 
cause  of  the  combustion  which  it  produoes ; 
and  that  at  certain  devations  of  temperature, 
whether  in  rarefied  or  compressed  atmospheres, 
explosion  or  combustion  occurs ;  that  is,  bo- 
dies combine  with  the  production  of  heat  and 
light.  % 

Since  it  appears  tliat  gaseous  matter  ac- 
quires a  double,  triple,  quadmpk,  &c.  bulk, 
by  the  successive  increments  of  480»  F.  2 
X  480%  3  X  480«,  &e.  we  may  gain  ap- 
proximations  to  the  temperature  of  flame,  by 
measuring  the  expansion  of  a  gaseous  mixture 
at  the  instant  of  explosion,  provided  the  re- 
sulting compound  gas  occupy,  after  cooling, 
the  same  bulk  as  we  sum  ti  its  constituents. 
Now  this  is  the  case  with  chlorine  and  hydro, 
gen,  and  with  cyanogen  and  oxygen.  The 
latter  detonated  in  tl^  proportion  of  one  to 
two  in  a  tube  of  about  two-fifths  of  an  inch 
diameter,  displaced  a  quantity  of  water,  which 
demoDstrated  an  expansion  oi  16  times  dieir 
original  bulk.  Hence  15  X  480o  =  7200o 
of  Fahr. ;  and  the  real  tempeimtuie  is  probably 
much  higher,  for  heat  must  be  lost  by  com- 
municatkm  to  the  tube  and  the  water.  The 
heat  of  the  gaseous  carbon  in  combustion  in 
tbis  gas  appears  more  intense  than  that  of 
hydrogen ;  for  it  was  found  that  a  filament  of 
platinum  was  fused  by  a  flame  of  prasslne 
(<7anogen)  in  the  air,  which  was  not  fused  by 
a  similar  flame  of  hydrogen. 

We  have  thus  detailed  the  modifications 
produced  in  combustion  by  rarefaction,  me- 
chaniod  and  calorific.  It  remains  on  tUs 
head  lo  state  the  efiecU  of  the  mixture  of  dif- 
forent  gases,  and  those  of  different  cooling  ori- 
fices, on  flsme. 

In  8ir  H.  I>avy*B  first  paper  on  the  fin. 
A  a2 
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damp  of  coal  mines,  he  mentioned  that  car- 
bonic  acid  had  a  greater  inflaenoe  in  destroy- 
ing the  explosive  power  of  mixtures  of  fiie- 
d«aip  and  air,  than  asote ;  and  he  supposed 
the  cause  to  be  its  greater  densi^  and  capacity 
for  heat,  in  consequence  of  which  it  mi^t 
exert  a  greater  cooling  agency,  and  thus  pre- 
vent the  temperature  of  Uie  mixture  from  be- 
ing raised  to  that  degree  necessary  for  com- 
bustion. He  subsequently  made  a  series  of 
experiments  with  the  view  of  determining  how 
far  this  idea  is  correct,  and  foe  the  puipose  of 
Prevented  by 
OfhydTOgen  8 

Oxygen,  9 

Nitrous  oxide,  1 1 

Subcarburetted  hydrogen,  1 
Sulphuretted  hydrogen,  2 
defiant  gas,  ^ 

Muriatic  add  gas,  2 

Chlorine, 

Silicated  fluoric  gas,  ^ 

Azote,         .... 
Carbonic  add 


aseertainuiff  the  genersl  phenomena  of  the 
effects  of  Uie  ndxture  of  gaseous  substanoes 
upon  explosion  and  combustion. 

He  took  given  volumes  of  a  mixtme  of 
two  parts  of  hydrogen  and  one  part  of  oxygen 
by  measure,  and  diluting  them  with  various 
quantities  of  different  elastic  fluids,  he  asos- 
tained  at  what  degree  of  dilution  the  power  of 
inflammation  by  a  strong  spark  from  a  Leydes 
))hial  was  destroyed.  He  found  that  for  one 
of  the  mixture,  inflammation  was 

Permitted  with        Cooling  power,  air  =  1. 
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0.75  (the  mean) 

2.18(ooalgu) 

1.6 


1.3S 
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The  first  column  of  the  preceding  taUe 
shows,  that  other  causes,  besides  density  and 
capadty  for  heat,  interfere  with  the  pheno- 
mena. Thus  nitrous  oxide,  which  is  nearly 
ooe-third  denser  than  oxygen,  and  which,  ac- 
cording to  Delaroche  and  Benffd,  has  a  greater 
capadty  for  heat,  in  the  ratio  of  1.3503  to 
0.976^  hy  volume,  has  bwer  powers  of  pre- 
venting explosion.  Hydrogen  also,  which  is 
fifteen  times  lighter  than  oxygen,  and  which 
in  equal  volumes  has  a  smaller  capadty  for 
heat,  certainly  has  a  higher  power  of  prevent- 
ing explosion;  and  olefiant  gas  exceeds  all 
other  gaseous  substances,  in  a  much  higher 
ratio  than  could  have  been  expected  from  its 
density  and  capacity. 

I  have  deduced  the  third  column,  from  Sir 
H.  Davy's  experiments,  on  the  relative  times 
in  which  a  thermometer,  heated  to  160%  when 
plunged  into  a  volume  of  21  cubic  indies  of 
the  respective  gases  at  62°,  took  io  cool  down 
to  106**.  Where  an  elastic  fluid  exerts  a  cool- 
ing influence  on  a  solid  surface,  the  effect  must 
depend  prindpally  upon  the  rapidity  with 
which  ito  particles  change  their  places;  but 
where  the  cooling  partidoi  are  mixed  through- 
out  a  mass  with  other  gaseous  partides,  tbsir 
effect  must  depend  prindpally  upon  the  power 
they  possess  of  r^dly  abstracting  heat  from 
the  contiguous  partides ;  and  this  will  depend 
probably  upon  two  causes,  the  simple  abetracu 
ing  power  by  which  they  become  quickly 
heated,  and  their  capadty  for  heat,  whidi  is 
great  in  proportion  as  their  tempentures  are 
Uss  raisea  by  this  abstraction.  The  power  of 
elastic  fluids  to  abstract  heat  from  solids,  ap- 
pears from  the  above  experiments  to  be  in  some 
mverse  ratio  to  their  density ;  and  there  seems 
to  be  something  in  the  constitution  of  the  light 
»  which  enables  them  to  carry  off  heat 


from  solid  surfaces  in  a  different  manner  from 
that  in  which  they  would  abstract  it  in  gaseous 
mixtures,  depending  probably  on  the  mobility 
of  their  parts.  Those  particles  wfaidi  are 
lightest  must  be  ooncdved  most  capable  of 
changing  place,  and  would  therefore  oool  solid 
surfaces  most  rapidly :  in  the  cooling  of  gaseous 
mixtures,  the  mobility  of  the  partides  can  be 
of  little  consequence. 

Whatever  be  the  cause  of  the  different  cool- 
ing powers  of  the  different  elastic  fluids  in  pre- 
ventme  mflammation,  vei^r  simple  experiments 
show  that  they  operate  uniformly  witn  respect 
to  the  diflferent  spedes  of  oombostioD ;  and 
that  those  explosive  mixtures,  or  inflammable 
bodies,  which  require  least  heat  for  their  oom- 
iHistion,  require  larger  quantities  of  the  dif- 
fierent  gases  to  prevent  the  effect,  and  vice 
verta.  Thus  one  of  chlorine  and  one  of  hy- 
drogen still  inflame  when  mixed  with  dgbteen 
times  thdr  bulk  of  oxygen ;  whereas  a  mix- 
ture  of  carburetted  hydrogen  and  oxygen,  in 
the  proper  prqportions  (one  and  two)  for  com- 
bination, have  their  inflammation  prevented 
by  less  than  three  times  their  volume  of  oxy- 
gen. A  wax  taper  was  instantly  extinguished 
in  air  mixed  with  one-tenthof  silicated  fluoric 
acid,  and  in  air  mixed  with  one-sixth  of  mu- 
riatic add  gas;  but  the  flame  of  hydrogen 
burned  readily  in  those  mixtures ;  and  in  mix- 
tures which  extinguished  the  flame  of  hydro- 
gen, the  flame  of  sulphur  burned.  {See  the 
heginnhkg  oftection  Ist). 

In  cases,  however,  in  which  the  heat  re- 
auired  for  chemical  union  is  very  small,  as  in 
me  instance  of  hydrogen  and  chlorine,  a  mix- 
ture which  prevents  inflammatiop  wiO  not 
prevent  combination ;  that  is,  the  gases  will 
combine  without  any  flash.  If  two  volanies 
of  carburetted  hydrogen  be  added  to  a  mix- 
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tan  of  one  of  chlorine  with  one  of  hydxogen, 
mnxiatic  Mid  is  formed  throughout  the  mix- 
ture, and  heet  produced,  es  was  evident  from 
the  expsnsiOD  when  the  spark  passed,  and  the 
rapid  contraction  afterwaras ;  but  the  heat  was 
so  rapidly  carried  off  by  the  quantity  of  car- 
bnretted  hydiogOL,  that  no  flasn  was  visible. 

Experimenu  on  coonbttstion  in  condensed 
air,  to  see  if  the  cooiing  power  was  much 
increased  thereby,  show  that,  as  rarefaction 
4loes  not  diminish  oonsidetably  the  heat  of 
4ame  in  atmospherical  air,  so  neither  does 
condensation  oonsidnahly  mcreaseit;  a  dr. 
«umstanoe  of  great  importance  in  the  consiitu- 
lion  of  our  atmosphere,  which  at  all  heights 
or  depdis,  at  wliieh  man  esn  exist,  still  pre- 
serves the  same  relatloaB  to  combustion. 

It  may  be  eondnded  from  the  general  law, 
that,  at  high  temperatures,  gases  not  con- 
cerned in  combustian  will  have  less  power  of 
preventinff  that  operation,  and  likewise  that 
stesm  and  vapours,  wludi  require  a  consider, 
able  heat  far  their  fannation,  will  have  less 
cfiect  in  praventmg  combustion,  particularly 
of  those  bodiea  requiring  low  temueratures, 
than  gases  at  die  usual  heat  6f  tne  atmo- 
iphenBi  Thus  a  very  huge  quantity  of  stesm 
is  required  to  prevent  sulphur  from  burning. 
A  mixtuie  of  oxygen  and  hydrogen  will  ex- 
plode by  the  ele^c  spark,  though  diluted 
with  five  times  its  vdume  of  steam ;  and  even 
a  mixtuze  of  air  and  carburetted  hydrogen 
gas,  the  leaat  explosive  of  all  mixtures,  re- 
quires  a  third  of  steam  to  prevent  its  explo- 
ftion,  wheseaa  one-fifrh  of  azote  will  produce 
that  effect  These  trials  were  madeover  mercury. 
Heat  was  applied  to  water  over  the  mercury, 
and  37.5  for  100  parts  =  |,  was  regarded  as 
the  correction  for  the  expansion  of  we  gases. 

ITe  Mhali  now  treat  of  the  rgtcU  afcoolutg 
oHfictt  <m  flame.  The  knowledge  of  the  cool, 
ing  power  of  elastiG  media^  in  preventing  the 
exploaion  of  the  fire-damp,  led  the  illustrious 
Snglioh  chemist  to  those  practical  researches 
whidi  terminated  in  his  grand  discovery  of 
the  wire-gauze  safe-lamp.  The  general  in- 
vestigation of  the  relation  and  extent  of  those 
powers,  serves  to  elucidate  the  operation  of 
wire-gauie,  and  other  tissues  or  systems  of 
apertures  permeable  to  light  and  air,  in  inter- 
cepting flame,  and  confirms  the  views  origin- 
ally given  of  this  marvellous  phenomenon. 
We  have  seen  duit  flame  is  gaseous  matter, 
heated  so  highly  as  to  be  luminous,  and  that 
to  a  degree  of  temperature  beyond  the  white 
heat  of  solid  bodies ;  for  air  not  luminous  will 
eommunicate  this  degree  of  heat  When  an 
attempt  is  made  to  pass  fiame  through  a  very 
fine  mesh  of  wire-gause  of  the  common  tem- 
perature, the  gauze  cools  each  portion  of  the 
elastic  matter  that  passes  through  it,  so  as  to 
reduce  iu  temperature  below  diat  drgree  at 
whidi  it  is  luminous.  Thi«  diminution  of 
temperature  b  proportional  to  the  smaUncss 
oTmc  nx»h,  and  to  the  mass  of  the  mctaL 


The  power  of  a  metallic  or  other  tissue  to 
prevent  explosion,  will  depend  upon  the  heat 
required  to  oroduce  the  combustioo,  as  com* 
pwed  with  tnat  acquhvd  by  the  tiuue.  Hence, 
the  flame  oF  the  most  inflsmmable  substances, 
and  of  those  that  produce  most  heat  in  com- 
bustion, will  4>ass  through  a  metallic  tissue, 
that  win  interrupt  the  flame  of  less  inflamma- 
ble substances,  or  those  that  produce  litde 
heat  in  combustion.  Or,  the  tissue  being  the 
same,  and  impermeable  to  all  flames  at  com- 
mon temperatures,  the  flames  of  the  most 
combustible  substances,  and  of  those  which 
produce  most  heat,  will  most  readily  pass 
throng  it  when  it  is  heated,  and  eadi  will 
pass  through  it  at  a  different  degree  of  tem- 
perature. In  short,  all  the  circumstances 
which  apply  to  the  effect  of  cooling  mixtures 
upon  flame  will  apply  to  cooling  perforated 
surfaces.  Thus,  the  flame  of  phoephuretted 
hjrdrogen,  at  common  temperatures,  will  pass 
through  a  tissue  sulficiently  large,  not  to  be 
inunediatelv  choaked  up  by  the  phosphoric 
acid  Ibrmea,  and  the  phosphoras  deposited.  If 
a  tissue,  containing  above  700  apertures  to  the 
square  inch,  be  held  over  the  flame  ef  phos- 
pDorus  or  phosphuretted  hydrogen,  it  does  not 
transmit  Ae  flame  till  it  is  sumciently  heated 
to  enable  the  phosphorus  to  pass  through  it  in 
vapour.*  Phosphuretted  hydrogen  is  decom- 
posed by  flame,  and  acts  exaiSlj  like  phos. 
phorus.  In  like  manner,  a  tissue  of  100 
apermres  to  the  square  indi,  made  of  a  wire 
of  one-sixtieth,  will,  at  common  temperatures, 
intercept  the  flame  of  a  spirit-Jamp,  but  not 
that  of  hydrogen.  But  when  strongly  heated, 
it  no  longer  arrests  the  flame  of  alcohol.  A 
tissue  which  will  not  interrupt  the  flame  of 
hydrogen  when  red-hot  ^11  still  intercept  that 
of  oleflant  gas ;  and  a  heated  tissue,  which 
would  communicate  explosion  from  a  mixture 
of  olcfiant  gas  and  aur  will  stop  an  explosion 
from  a  mixture  of  fire-damp,  or  carburetted  by- 
drogen.  The  latter  gas  requires  a  considerable 
mass  of  heated  metal  to  inflame  it,  or  contact 
withan  extensive  heated  surface.  Aniron-wireof 
l-20th  of  an  inch,  and  eight  inches  long,  red. 
hot,  when  held  perpendicularly  in  a  stream  of 
coal  gas,  did  not  inflame  it ;  nor  did  a  short 
wire  of  one-sixth  of  an  inch  produce  the  effect, 
when  held  horizontally.  But  wire  of  the 
latter  size,  when  six  inches  of  it  were  red-hot, 
and  when  it  was  held  perpendicularly  in  a 
botdc  containing  an  exploaive  mixture,  so  that 
heat  was  communicated  sucoessivdy  to  portions 
of  the  gas,  produced  its  explosion. 

The  scale  of  gaseous  acccnsion,  given  in 
the  first  section,  explains  why  so  fine  a  mesh  of 
wire  is  required  to  hinder  the  explosion  from 
hydrogen  and  oxygen  to  pass;  and  why  so 
coarse  a  texture  and  wire  control  the  explosion 
of  fire-damp.  The  general  doctrme,  indeed, 
of  the  operation  of  wire-gause,  cannot  be  better 
elucidated,  than  in  its  effects  upon  the  flame 
of  sulphur.     When  wire-gause  of  600  or  7<>0 
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apertaret  to  <ht  aqutxe  lnci^  is  hdd  orer  ths 
iande,  fiiineBof  dondeilBed  lulphurimmedktely 
come  through  it,  and  the  flame  is  intetoepted. 
The  fumes  continue  for  some  instants,  but  on 
the  increase  of  the  heat,  they  diminish ;  and 
at  the  moment  when  they  disappear,  which  is 
long  before  the  gauze  becomes,  red-hot,  the 
flame  passf  s ;  the  temperature  at  which  sulphur 
bams  being  that  at  which  it  is  gaseous. 

Where  rapid  currents  of  explosive  mixtures, 
however,  are  made  to  act  upon  wire-gauze,  it 
b  of  course  much  more  rapidly  heated ;  and 
thereforei  the  same  mesh  whidi  arrests  the 
flames  of  explosive  mixtures  at  rest,  will  suffer 
them  to  pass  when  in  rapid  motion.  Bnt^  by 
increasing  the  cooling  surface,  by  diminishing 
the  apertures  in  size,  or  increasing  then*  depth, 
ail  Jlameiy  however  rapid  their  motion^  may 
he  arretted.  Precisely  the  same  law  applies 
to  explosions  acting  in  dose  vessels.  Very 
minute  apertures,  when  they  are  only  few  in 
number,  will  permit  explosions  to  pass,  which 
are  arrested  l^  much  larger  apertures  when 
they  611  a  whole  surface.  A  small  aperture 
was  drilled  at  the  bottom  of  a  wire-gauze  lamp, 
in  the  cylindrical  ring,  which  confines  the 
gauze.  This,  though  less  than  1-1 8th  of  an 
inch  in  diameter,  transmitted  the  flame,  and 
fired  the  external  atmosphere,  in  consequence 
of  the  whole  force  of  the  explosion  of  the 
thin  stratum  of  the  mixture  included  within 
the  cylinder  driving  the  flame  through  the 
aperture.  Had  the  whole  rmg,  however,  been 
composed  of  such  apertures  separated  by  wires, 
it  would  have  been  perfectly  safe. 

•Nothing  can  demonstrate  more  decidedly, 
than  these  simple  facts  and  observations,  that 
the  interruption  of  flame,  by  solid  tlnsues, 
permeable  to  hgbt  and  air,  depends  upon  fio 
recondite  or  mysterious  cause,  but  on  their 
cooling  powers,  simply  considered  as  such. 
When  a  light,  included  in  a  cage  of  wire- 
gauze,  is  introduced  into  an  explosive  atmo- 
sphere  of  flre-damp  at  rest,  the  maximum  of 
heat  is  soon  obtained :  the  radiating  power  of 
the  wire,  and  the  cooling  effect  of  the  atmo- 
sphere, more  efficient  from  the  admixture  of 
inflammable  air,  prevent  it  from  ever  arriving 
at  a  temperature  equal  to  that  of  dull  redness. 
In  rapid  currents  of  explosive  mixtures  of 
fire-damp,  which  heat  common  gauze  to  a 
higher  temperature,  twilled  gauze,  in  which 
the  radiating  surface  is  considerably  greater, 
and  the  circulation  of  air  less,  preserves  an 
equable  temperature.  Indeed,  the  heat  com- 
municated to  the  wire  by  combustion  of  the 
fire-damp  in  wlre^uze  lamps,  is  completely 
in  the  power  of  the  manufacturer.  By 
diminishmg  the  apertures,  and  increasing  the 
mass  of  metal,  or  the  radiating  surface,  it  may 
be  diminished  to  any  extent.  Thick  twilled 
gauie,  made  of  wires  l-40th,  16  to  the  warp, 
and  30  to  the  weft,  riveted  to  the  screw  to 
prevent  the  possibiH^^  of  disphusement,  fbnns 
a  lamp  cage,  which,  mm  its  flexibili^,  can- 


not be  broken,  and  from  its  ititengdiCMimit  Iw 
crushed,  except  by  a  very  vislsnt  bkrtr.  The 
lamp  which  luw  been  found  most  uiiircuieut 
for  the  miner,  is  that  eotoposed  of  a  cylinder 
of  strong  wire-gauze,  fastened  round  liie  fiasae 
by  a  screw,  and  in  which  the  wick  b' trimmed 
by  a  wire  passing  through  a  safe  aperture. 
Such  have  now  been  used  for  many  Tcms, 
in  the  most  dangerous  mines  of  England, 
without  any  accident.  Whatever  exploBive 
disasters  have  happened  since  may  be  impnttd 
to  the  ne^ect,  or  gross  and  eolpable  ins- 
raanagement,  <k  that  infitdlible  protector.  See 
Lakp. 

When  the  fhe-damp  is  inflameil  in  the 
wire-gauze  cylinders,  ooal  dust  tfamurn  into 
the  Ump  boms  with  strong  flariiea  and 
scintillations.  The  miners  were  at  fiittalmiied 
by  an  effect  of  this  kind,  produced  by  tlK 
dost  naturally  raised  during  the  wotkisig  of 
the  coals. 

But  Sir  H.  Davy  showed,  by  dedsive  ex- 
periments, that  explosion  could  never  be 
communicated  by  them  to  the  gas  of  any  miDe. 
He  repeatedly  threw  ooal-dnat,  powdered  roain, 
and  witch-meal,  trough  lamps  bnnii&g  in 
more  explosive  mixtures  than  ever  ooonr  in 
coal  mines ;  and  though  he  kept  theae  sab- 
stances  floatuig  in  the  explosive  atmosphete, 
and  heaped  them  upon  the  top  of  the  lamp 
when  it  was  red-hot,  no  explosion  eould  ever 
be  communicated.  Phosphorus  or  sulphur  are 
the  only  substances  which  can  produce  expk>- 
sion,  by  bemg  appiied  to  the  outside  of  the 
lamp;  and  sulphur,  to  produce  the  eSact, 
must  be  applied  in  large  quantities,  and 
fanned  by  a  current  of  fresh  air.  He  has  even 
blown  repeatedly  fine  ooal  dust  nuxed  with 
minute  quantities  of  the  finest  dust  of  guD^ 
powder,  through  the  lamp  burning  in  explosive 
mixtures,  without  any  conmiunication  of  ox- 
plosion.  The  most  timorous  female  m^ht 
traverse  an  explosive  ooal  mine,  guided  by  the 
light  of  the  double  cyUnder  lamp,  without 
.  filing  the  slightest  apprehension. 

5.  We  have  now  arrived  at  the  moat  carious 
of  an  Sir  H.*s  discoveries  relative  to  fire, 
namely,  invisiMe  combuetioH, 

On  passing  mixtures  of  hydrogen  and 
oxygen  through  tubes  heated  below  redness, 
steam  appeal^  to  be  formed  without  any 
combustion.  This  led  him  to  expose  mix- 
tures of  oxygen  and  hydrogen  to  heat,  in 
tubes,  in  which  they  were  confined  by  fluid 
fusible  metaL  He  found,  that  by  carefully 
applying  a  heat  between  the  boiling  point  of 
mercury,  which  is  not  sufficient  for  the  cflfect, 
and  a  heat  approaching  to  the  greatest  heat 
that  can  be  given  without  making  ^an 
luminous  in  darkness,  the  combination  was 
efleeted  without  any  violence^  and  without  ai^ 
light ;  and  commencing  with  212,  the  volume 
of  st^^  formed  at  the  point  of  combinatian 
appeared  exactly  equal  to  that  of  the  original 
So  that  the  fint  effect^  in  espcrimoits 
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«f  dib  land,  ii  ito  tePMrion,  

coDttictMO*  and  then  the  rcstomtioD  of  the 
IKiinitive  volumei 

When  this  change  is  going  on,  If  the  beat 
be  qniekly  niaed  to  xedoeas,  an  explosion 
takes  plaoa  With  small  quaatities  of  gas, 
the  invisible  combustion  is  completed  in  kn 
than  a  minute.  It  is  probable  that  the  alow 
eombinalian  without  combustion,  long  ago 
obaened  with  lespect  to  hydrogen  and  chlo- 
ritie,  oxygen  and  metals,  wiU  happen  at  certain 
tampcratuns  with  most  substances  that  unite 
by  lieat.  On  trying  chaicoal,  he  found,  that 
at  a  temperotoxe  which  appeared  to  be  a  little 
above  the  boiling  point  of  quicksilver,  it  con- 
verted oxygen  pretty  rapidly  into  carbonic 
add,  without  any  luminous  appearance ;  and 
at  a  dull  red  heat,  the  elemenu  of  olefiantgas 
CTmfriyuMi  in  a  similar  manner  with  oxygen, 
alowly  and  witbout  explosion.  The  effect  of 
the  dow  eombination  of  oxygen  and  hydrog^ 
is  not  connected  with  theb  rarefaction  by  heat, 
for  it  took  place  when  the  gases  were  confined 
in  a  tube  by  f uable  met^  rendered  solid  at 
ita  upper  eurfece}  and^  certainly  as  rapidly, 
and  without  any  appearance  of  light. 

As  the  temperature  of  flame  has  been 
shown  to  be  infinitely  higher  than  that  necesr 
sary  fbr  the  ignition  of  solid  bodies,  it  ap- 
pealed {Hobable,  that  in  these  silent  combi- 
natknia  of  gaseous  bodies,  when  the  increase  of 
temperature  may  not  be  sufficient  to  render 
the  gaseous  matters  themselves  luminous,  yet 
HstiUmight  be  adequate  to  ignite  solid  maw 
tos  exposed  to  them. 

Sir  H.  Davy  had  devieed  several  expen. 
meuti  on  this  subject.  He  had  intended  to 
cxpoM  fine  wires  to  oxygen  and  defiant  ps, 
and  to  oxygen  and  hjdtog^y  during  their 
slow  oombinadon  under  dififiBrentdrcumstances, 
when  he  was  aoddentaUy  led  to  the  knowledge 
of  the  Jbet,  and  at  the  same  time  to  the 
discovery  of  a  new  and  eurious  series  of  phe- 

He  was  making  experiments  on  the  increase 
of  tbe  limits  of  the  combustibility  of  gaseous 
mixtorcs  of  coal  gas  and  air,  by  incr»se  of 
temperature.  For  this  purpose,  a  smaU  wire. 
aauxe  safeJamp,  with  some  fine  wire  of  plati- 
Swn  fixed  above  the  flame,  was  introduced 
iato  a  eombustible  mixture,  containing  the 
maximum  of  coal  gas.  When  the  inflannna- 
doD  bad  taken  place  in  the  wirSi^Buae  cylinder, 
be  threw  in  more  coal  gas,  expecting  that  the 
heat  acquked  by  the  mixed  gas,  in  pa»ing 
through  the  wbe-gauxe,  would  prevent  Ae 
excess  fiom  extinguishing  the  flame.  The 
flame  eontmued  for  two  or  three  seconds  sfter 
the  ooal  gas  was  introduced ;  and  when  it 
was  extinguished,  that  part  of  the  wire  of 
platinum  whidi  had  been  hottest,  remamed 
Lrnited,  and  continued  so  fi)r  many  nunutes. 
When  It  was  removed  into  a  daark  room,  it 
was.  evident  that  th«  was  no  flame  m  the 
cyttadsr. 


It  was  immediately  obvious  tliat  this  was 
the  result  which  he  had  hoped  to  attain  by 
other  methods,  and  the  oxygen  and  coal  gas  in 
contact  with  the  hot  wire  combined  without 
flame,  and  yet  produced  heat  enough  to  pre- 
serve  the  wire  ignited,  and  keep  up  their  own 
secret  cotnbuttion.  The  trutli  of  this  conclusion 
was  proved  by  introducing  a  heated  wire  of 
platinum  into  a  similar  mixture.  It  imme- 
diately became  ignited  nearly  to  whitenfss,  as 
if  it  had  been  in  actual  combustion  itself,  and 
continued  glowing  for  a  long  while.  When 
it  was  exttnguished^  tfte  injiammahUity  of  the 
fHtxture  was  found  to  he  entirely  destroyed, 
A  temperature  much  below  ignition  only  was 
necessary  for  producing  this  curious  phcno* 
menon,  and  the  wire  was  repeatedly  taken  out 
and  cooled  in  the  atmosphere  till  it  ceased  to 
be  visibly  red ;  yet  when  admitted  again,  it 
instantly  became  red-hot. 

The  same  phenomena  were  produced  with 
mixtures  of  olefiant  gas  and  air,  carbonic 
oxide,  prussic  gas,  and  hydrogen ;  and  in  this 
last  case  with  a  rapid  production  of  water. 
The  degree  of  heat  could  be  reguhtted  by  the 
thickness  of  the  wire.  When  of  the  same 
thickness,  the  wire  became  more  ignited  in 
hydrogen  than  in  mixtures  of  olefiant  gas,  and 
more  in  mixtures  of  olefiant  gas  than  in  those 
of  gaseous  oxide  of  carbon. 

Whea  the  wire  was  very  fine,  as  l-80th  of 
an  indi  in  diameter,  iu  heat  increased  in  very 
combustible  mixtures,  so  as  to  explode  them. 
Tlie  same  wire  in  less  combustible  mixture 
continued  merely  bright  red,  or  dull  red,  ac- 
cording to  the  nature  of  the  mixture.  In 
mixtures  not  explosive  by  flame  within  certain 
limits,  these  curious  phenomena  took  place, 
whether  tbe  au:  or  the  inflammable  gas  wss 
in  excess.  The  ssme  circumstances  occurftd 
with  certain  inflammable  vapours.  Those  of 
ether,  alcohol,  oil  of  turpentine,  naphtha,  and 
camphor,  have  been  tried.  There  cannot  be 
a  better  mode  of  illustrating  the  iact,  than  by 
an  experiment  on  the  vapour  of  ether  or  of 
alcohol,  which  any  person  may  make  in  a 
minute.  Let  a  drop  of  ether  be  thrown  into 
a  cold  glass,  or  a  drop  of  alcohol  into  a  warm 
one;  let  a  few  coils  of  wire  of  pUtinum,  of 
the  l-60th  or  1.70th  of  an  inch,  be  heated 
at  a  hot  poker  or  a  candle,  and  let  it  be 
brought  into  the  glass :  In  some  part  of  the 
gkws  it  will  become  glowing,  almost  white-hot, 
and  will  continue  so,  as  long  as  a  sufficient 
quantity  of  vapour  and  of  air  remain  in  the 


When  the  experiment  on  the  slow  com- 
bustion of  ether  is  made  in  tlie  dark,  a  pale 
phosphorescent  light  is  perceived  above  the 
wire,  which  is  of  course  most  distinct  when 
the  wire  ceases  to  be  ignited.  This  appesnnoe 
is  connected  with  the  formation  of  a  peculiar 
acrid  voUtile  substance,  possessed  of  add  pro- 
perties.  See  Acid  (Lampic).  The  above 
experiment  has  been   ingeniously  varied  by 
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ttiddiig  loosely  on  the  wick  of  b  ffririt-lainp 
B  coQ  of  fine  plmtinum  wire,  aboat  y^  of  aa 
inch  in  thickness.  There  should  be  about  1(j 
spiral  turns,  one-half  of  which  should  siuround 
the  wick,  and  the  other  riie  above  it  Having 
lighted  the  lamp  for  an  instant,  on  blowing  it 
out,  the  wire  will  become  brightly  ignited,  and 
will  continue  to  glow  as  long  as  any  alcohol 
leroains.  A  cylinder  of  camphor  may  be  anb^ 
stitnted  for  both  wick  and  spirit.  The  ignition 
is  very  bright,  and  exhales  an  odoriferous 
vapour.  With  oil  of  turpentine,  the  lamp 
bums  invisibly  without  igniting  the  wire;  for 
a  dense  column  of  vapour  is  perceived  to 
ascend  from  the  wire,  diffusing  a  smell  by  many 
thought  agreeable.  By  adding  essential  oils 
in  small*  quantities  to  the  alcohol,  various 
aromas  may  be  made  to  perfume  the  air  of  an 
apartment  But  the  film  of  charcoal  which 
in  this  case  collects  on  the  platina  coil  must 
be  removed  by  ignition  over  another  spirit 
flame,  otherwise  the  efiect  ceases  after  a  cer- 
tain time. 

The  chemical  dianges  in  general  produced 
by  slow  combustion  appear  worthy  of  investi- 
gation.  A  wire  of  platinum  introduced  under 
the  usual  circumstances  into  a  mixture  of 
prassic  gas  (cyanogen)  and  oxygen  in  excess, 
became  ignited  to  whiteness,  and  the  yellow 
vapours  of  nitrous  acid  were  observed  in  the 
mixture.  In  a  mixture  of  olefiant  gas,  non- 
explo4ve  from  the  excess  of  inflammable  gas, 
much  carbonic  oxide  was  formed.  Platinum 
and  palladium,  metals  of  low  conducting 
powers,  and  small  capacities  for  heat,  alone 
succeed  in  producing  the  above  phenomena. 
A  film  of  carbon  or  sulphur  deprives  even 
these  metals  of  this  property.  Thin  lamins 
pf  the  metals,  if  their  form  admitK  of  a  free 
cire*jlation  of  air,  answer  as  well  a»  fine  wires ; 
and  a  large  surface  of  platinum  may  be  made 
red-hot  in  the  vapour  of  ether,  or  in  a  com- 
bustible mixture  of  coal  gas  and  air. 

Sir  H.  Davy  made  an  admirable  practical 
application  of  these  new  facts.  By  hanging 
some  jcoils  of  fine  platinum  wire,  or  a  fine 
aheet  of  platinum  or  palladium,  above  the  wick 
of  the  safe-lamp  in  the  wire-gauuee  cylinder, 
he  has  supplied  the  coal-miner  with  light  in 
mixtures  of  fire-damp  no  longer  explofiive. 
Should  the  flame  be  extinguished  by  the 
quantity  of  fire-damp,  the  glow  of  the  plati. 
num  will  continue  to  guide  him ;    and  bv 

Cing  the  lamp  m  different  pans  of  the  gal- 
,  tlie  relative  briglitness  of  the  wire  will 
show  the  state  of  the  aunosphere  in  these  parts. 
Nor  can  there  be  any  danger  with  respect  to 
respiration  wherever  the  wire  continues  ignited; 
for  even  this  phenomenon  ceases,  when  the 
foul  air  forms  about  §  of  tlie  volume  of  the 
atmosphere. 

Into  a  wire-gauze  safe*  lamp,  a  small  cage 
made  of  fine  wire  of  platinum,  of  1.70tli  of  an 
inch  in  thickness,  was  introduced,  and  fixed 
by  means  of  a  thick  win:  of  platinum,  about  2 


inches  above  the  lighted  wide  Tluii 
was  placed  in  a  large  veoetvcr,  in  i 
means  of  a  gaa-holdo-,  the  air  ooold  be  i 
taminated  to  any  extent  with  ood  gaa.  Aa 
soon  as  there  was  a  slight  admixture  of  cod  gaa, 
the  platinum  became  ignited.  The  igmtjim 
continued  to  increase  till  the  flame  of  the  wick 
was  extinguished,  and  till  the  whole  cylinder 
became  filled  with  flame.  It  then  dhninishtd. 
When  the  quantity  of  coal  gas  was  inraened 
so  88  to  extinguish  the  flame,  the  cage  of  pla- 
tinum, at  the  moment  of  the  extfaictiin,  b^ 
came  white-hot,  presenting  a  most  btilliaiit 
light  By  increasing  the  quantity  of  the  eoal 
gas  still  further,  the  ignition  of  the  platmiun 
became  less  vivid.  When  its  light  was  barely 
sensible,  small  qu8ntitiei4)f  air  were  admiticd, 
and  it  speedily  mcreased.  By  regnlatiiig  tiis 
admission  of  ooal  gas  and  air,  it  again  became 
white-lH>t,  and  soon  after  li^^ited  the  flame  in 
the  cylinder,  which  as  usnid,  by  the  addttka 
of  more  atmospheric  air,  rekindled  the  flame 
of  the  wick. 

This  beautiful  experiment  baa  been  wof 
ofiten  repeated,  and  always  with  the  aaaae 
results.  When  Ae  wire  finr  the  auppoEt  of  the 
cage,  whether  of  platinum,  silver,  or  cofiptry 
was  very  thick,  it  retained  suffident  hc«t  te 
enable  the  fine  platinum  wire  to  rekindle  in  a 
proper  mixture,  half  a  minute  after  its  light 
had  been  entirely  destroyed  by  an  atmoi^hae 
of  pure  ooal  gas.  The  phenomenon  of  the 
ignition  of  the  platinum  takes  place  fieebly  hi 
a  mixture  consisting  of  two  of  air  and  one  ef 
coal  gas;  and  brilUantly  in  a  mixture  oon- 
sisting  of  three  of  air  and  one  of  ooal  gas. 
'The  gieater  the  quantity  of  heat  produced,  the 
greater  may  be  the  quantity  of  the  coal  gas,  ao 
Siat  a  large  tissue  of  wire  made  white-hot  will 
bum  in  a  more  inflammable  mixture  (that  is, 
containing  more  inflammable  gas)  than  one 
made  red-hot  If  a  mixture  of  three  parts  of 
air  and  one  of  fire-damp  be  introduced  into  a 
bottle,  and  inflamed  at  its  pomt  of  contact 
with  the  atmosphere,  it  will  not  explode,  but 
will  bum  like  a  pure  inflammable  aubatanoe. 
If  a  flne  wire  of  platinum,  cmled  at  its  end, 
be  slowly  passed  throu^  the  flame,  it  will 
continue  ignited  in  the  body  of  the  mizCmre, 
and  the  same  gaseous  matter  will  be  found 
to  be  ittftammahk^  and  to  be  a  tvpporter  of 
combustion.  When  a  large  cage  of  wire  of 
platinum  is  introduced  into  a  very  small  safe- 
lamp,  even  explosive  mixtures  of  fire-damp 
are  burned  without  flame ;  and  by  placing  any 
cage  of  platinum  in  the  bottom  of  the  lamp 
round  the  wick,  the  wire  is  prevented  trom 
being  smoked.  Care  should  be  taken,  of 
course,  that  no  filament  of  the  platinum  pro- 
trude through  the  wlre-gause.  It  is  truly 
wonderful,  that  a  slender  tissue  of  platinum, 
which  does  not  cost  one  shilling,  and  which 
i^  imperishable,  should  afford  in  the  dark  aod 
dangerous  recesses  of  a  coal  mine^  amoat  6rtf- 
liant  lighty  peiiectly  safe,  in  atmosphcws  ia 
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wbich  tlie  fhine  of  the  nfety*Ha&p  it  ex- 
tioguiahcd;  and  whidi  glows  in  erery  mixtoie 
of  carbuietted  hydrogen  gas  that  is  leapirable. 
M^hen  the  atmosphere  beromes  again  eiplosive, 
tbe/ofNtf  is  relighted. 

It  is  no  less  surprising,  that  thus  also  we 
can  bum  any  inflammable  vapour,  either  with 
or  without  flame,  at  pleasure,  and  make  a 
slender  wire  oonsume  it,  either  with  a  wliite 
or  red  heat. 

6.  We  shaU  oondiide  the  subject  of  com- 
bustion with  some  practical  inferences. 

The  facts  detailed  on  insensible  combustion, 
explain  why  so  much  more  heat  is  obtained 
ftom  fiiei  when  it  is  burned  quickly,  than 
■lowly;  and  they  show  that  in  all  cases  the 
temperatoie  of  the  acting  bodies  should  be 
kept  as  high  as  possiUte,  not  only  because  the 
general  increment  of  heat  is  greater,  but  like- 
wise  because  those  combinations  are  prevented, 
which,  at  lower  teropenitnres,  take  place  with- 
out any  conskienUe  production  of  heat  Thus 
in  the  a^;and  l*>np,  and  in  the  best  fire-placo, 
the  increase  oi  efiect  does  not  depend  merely 
upon  the  rapid  current  of  air,  but  likewise 
upon  the  heat  preserved  by  the  arrangement 
of  the  materials  of  the  chimney,  and  com* 
muni«ted  to  the  matters  entering  into  inflam- 


These  facts  likewise  explain  the  source  of 
the  gnat  error  into  which  Mr.  Dalton  has 
fallen,  m  estimating  the  heat  given  out  in  the 
eombuation  of  charcoal;  and  they  indicate 
methods  by  whid)  temperature  may  be  in- 
creased, and  the  limits  to  certain  methods. 
Currents  of  flame  can  never  raise  Ae  heat  of 
bodies  exposed  to  them  higher  than  a  certain 
degree,  that  is,  their  own  tempentufe.  But 
by  oompreaiion,  there  can  be  no  doubt,  that 
the  heat  of  flames  from  pure  supporters  and 
eombustible  matter  may  be  greatly  increased, 
probably  in  the  ratio  of  their  compression.  In 
the  blowpipe  of  oxygen  snd  hydrogen,  the 
maximum  of  tempeiature  is  dose  to  &e  aper- 
tore  from  which  the  gases  are  disengaged,  that 
is,  where  their  density  is  greatest  Probably  « 
di^ree  of  terapomture  hr  beyond  any  that 
has  yet  been  attained  may  be  produced  by 
throwing  the  flame  from  comprosed  oxjrgen 
sad  hycuogen  into  the  voUaic  arc,  and  thus 
oombiniDg  the  two  most  powerful  agents  for 
iafrrasing  temperature. 

The  nature  of  the  light,  and  form,  of  flames, 
can  now  be  clearly  understood.  When  in 
flames  pore  gaseous  matter  is  burnt,  the  light 
is  extfcmdy  feeble.  The  density  of  a  common 
flame  is  proportional  to  the  quantity  of  solid 
chaicoal  first  deposited,  and  afterwards  homed. 
The  form  of  the  flame  is  conical,  because  the 
greatest  heat  is  in  the  centre  of  the  explosive 
mixture.  In  loolung  steadfastly  at  flame,  the 
part  where  the  oombustible  matter  is  volatilised 
is  seen,  and  it  appears  dark,  contrasted  with 
the  pan  in  which  it  bedns  to  bum  ;  that  is, 
vhere  it  is  lomixed  with  air  as  to  become  ex* 


plonve  The  heat  diminishes  towards  the  top 
of  the  flame,  because  in  this  part  the  quantity 
of  oxygen  is  least  When  tne  wick  increases 
to  a  considerable  sise,  from  collecting  charcoal, 
it  cools  the  flame  by  radiation,  and  prevents  a 
proper  quantity  of  air  flrom  mixing  with  its 
central  part;  in  consequence,  the  charcoal 
thrown  off  iiom  the  top  of  the  flame  is  only 
redJiot,  and  the  greater  part  of  it  eik^pes 
unconsumed. 

The  intensity  of  the  light  of  flanges  in  th^ 
atmosphere  is  increased  by  condensation,  and 
dlminbhed  by  rarefaction,  apparmtly  in  a 
higlier  ratio  than  their  fteat :  more  particles 
capable  of  emitting  light  exist  in  the  denser 
atmospheres,  and  yet  most  of  these  particles, 
in  becoming  capable  of  emitting  Ught^  absorb 
heat,  which  could  not  be  the  case  in  the  con- 
densation of  a  pure  supporting  medium. 

The  facts  on  rarefaction  of  inflammable 
gases  show,  that  the  luminous  appearances  of 
shooting  stars  and  meteois  cannot  be  owing  to 
any  inflammation  of  elastic  fluids,  but  must 
depend  on  the  ignitkm  of  soUd  bodies.  Dr. 
Halley  calculated  the  height  of  a  meteor  at 
ninety  miles,  and  the  great  American  meteor, 
which  threw  down  showers  of  stones,  was  efr> 
tunated  at  seventeen  miles  high.  The  velocity 
of  motion  of  these  bodies  must  in  all  cases  be 
immensely  great,  and  the  heat  jvoduoed  by  the 
compression  of  the  most  rarefied  air,  fVom  the 
velocity  of  motion,  must  be  probably  sufficient 
to  ignite  the  mass.  AU  the  phenomena  may 
be  explained,  if  Jblling  stars  be  supposed  to  be 
small  solid  bodies  moving  round  the  earth  in. 
very  eccentric  orbits,  which  become  ignited 
only  when  they  pass  with  immense  velocity 
throuf^  the  upper  regions  of  the  atmosphere ; 
and  if  the  meteoric  bodies  which  throw  down 
stones  with  explosions,  be  supposed  to  be 
similar  bodies  wliich  contain  either  combustible 
or  eUntic  matter. 

When  the  common  electrical  or  voltaic  elec- 
trical spark  is  taken  in  rare  au*,  the  light  is 
considerably  diminished,  aa  well  as  the  heat 
Yet  in  a  receiver  that  contained  air  GO  times 
rarer  than  diat  of  the  atmosphere,  a  piece  of 
wire  of  platinum,  placed  by  Sir  H.  Davy  in 
the  centre  of  the  luminous  arc  produced  by  the 
great  voUaic  apparatus  of  the  Royal  Institu* 
tion,  became  white-hot ;  and  that  this  was  not 
owing  to  the  tiectricsl  conducting  powers  of 
the  platinum,  was  proved  by  repeating  the 
expoiment  with  a  filament  of  glass,  which 
instantly  fused  in  the  same  position.  It  is 
evident  from  this,  that  electrical  heat  and  light 
may  appear  in  atmospheres,  in  which  the  flMne 
of  oombustible  bodies  could  not  exbt ;  and  the 
fact  is  interesting  from  iu  possible  application 
in  explaining  the  phenomena  of  the  Aurora 
Borealis  and  Australis. 

Finally,  we  may  establish  it  cu  an  asiom^ 
that  comhMion  is  mot  the  great  phenomenon 
of  diemical  nature  ;  but  an  adventitious  oc- 
eidmtal  accessory  to  chemical  comUmathon^  or 
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^keomporitiomf  ikti  i§,1o1he  imterml  motions 
t(f  the  particles  of  b&diew,  tending'  to  arrange 
&em  in  a  new  ckemieal  conHituiUm, 

Serccal  caaea  of  death,  £roin  spontMieous 
combuBtion  of  the  body,  ore  on  reond.  The 
wppmnnon  Maembk  those  which  would  be 
pvoduced  by  phosphoretted  hydrogen. 

COMPTONITE.  A  new  minend  ftmnd 
in  drasy  cayidefl,  m  ejected  masses,  on  Mount 
Vesuvius.  It  occurs  crystallized,  in  obUqiie 
lbur««ided  prisms,  which  are  usually  truncated 
OD  their  lateral  edges,  so  as  to  form  eight- 
sided  prisms,  teiminated  with  flat  summits. 
The  angles  of  the  oblique  prism  are  probably 
900  ai'  and  880  d'.  Transparent,  or  semi- 
txanaparent.  Gelatinises  with  acids.  It  is 
sometimes  accompanied  with  acicular  Arrik. 
gonite.  It  was  first  brought  to  this  country 
by  Lord  Compton,  in  1818. 

CONCRETIONS  (MORBID).  Solid 
depositee,  formed  by  disease  in  the  soft  parts, 
or  in  the  cavities  of  animal  bodies.  The  former 
are  usually  called  ou^cationf,  as  they  seem 
to  consist  of  calcareous  phosphate.  They  are 
named,  according  to  the  part  in  which  they 
are  deposited,  pineal,  salivary,  pulmonary, 
pancreatic,  hepatic,  prostatic,  gouty.  Depo- 
sites  in  cavities  are  generally  styled  calculi, 
fiom  their  resemblance  to  pebbles.  These  are 
intestinal,  gall-stones  or  biliary,  renal,  and 
urinary.    See  the  respective  articies. 

CONGELATION.  In  addition  to  the 
methods  pointed  out  under  Caloric,  for 
efiecting  artificial  congelation,  we  shall  here 
describe  the  elegant  mode  by  the  air-pump, 
recently  introduced  by  Professor  Leslie. 

The  very  ingenious  Dr.  Cullen  seems  to 
have  been  the  first  who  applied  the  vacuum  of 
an  air-pump  to  quicken  the  evaporation  of 
liquids,  with  a  view  to  the  abstraction  of  heat, 
OK  artificial  oongektion.  In  the  year  1766,  he 
plunged  a  full  phial  of  ether  into  a  tumbler  of 
water,  and  on  placing  it  under  the  receiver, 
and  exhausting  the  air,  the  ether  boQed,  and 
the  suxTOundicg  water  froie. 

In  the  year  I777>  Mr.  Edward  Naime,  a 
very  eminent  Ixmdon  optician,  published  in 
the  Transactions  of  tiie  Royal  Society,  ^<  an 
account  of  soi^ie  experiments  made  with  an 
air-pump."  After  suting,  that  at  a  certain 
point  of  rarefaction  the  moisture  about  the 
pump  furnished  an  atmosphere  of  vapour, 
which  affected  his  comparative  results  with 
the  mercurial  gauge  and  pear  gauge,  he  says, 
"•I  now  put  some  sulphuric  add  into  the 
receiver,  as  a  means  of  trying  to  make  the 
cemaioing  contents  of  the  receiver,  when 
emhausted  as  much  as  possible,  to  consist  of 
permanent  air  only,  unadulterated  with  oa> 
^ur."  He  was  thus  enabled  by  this  arHJlcial 
tbryness  to  exhibit  certain  electrical  phenomena 
to  fffeat  advantage.  The  next  step  which  Mr. 
Naime  took,  was  to  produce  artificial  cold  by 
the  air-pwnp.  ^^  Having  lately  received  from 
my  friend  Dr.  Lind/*  he  says,  <«sone  ether 


prepared  by  the  ingenioaa  Mr.  Wooife,  I  wsi 
very  desirous  to  tty  whether  I  oonJd  produce 
any  considerable  degree  of  cold  by  die  evapo- 
ration of  ether  under  a  receiver  whilst  ex- 
hausdng."     Accordingly    he    succeeded  is 
sinking  a  thermometer,  whoee  bulb  was  from 
time  to  time  dipped   into  the  ether  in  vaevo^ 
103^  below  60*,  the  temperatare  of  the  apsn- 
ment     Mr.   Naime    made    no  attempt^  te 
condense  the  vapour   in   x^cuo  by  dianiosl 
means,  and  thus  to  faroar  its  renewed  foima- 
tion  from  the  liquid  surface  ;  which  I  considet 
to  be  the  essence  of  Professor  Leslie's  cawtal 
improvement  on  Cullen's   plan   of  artiiidal 
refrigeration.     After  Naime's  removing  the 
vapour  of  water  by  sulphuric  acid  to  piodoce 
artificial  dryness^  there  was  indeed  but  a  »Iight 
step  to  the  production  of  artificial  coU,  by  the 
ve^  same  arrangement;   hat  still  this  step 
does  not  appear  to  have  been  attempted  by 
any  person  from  the  year  1777  *o  18*0,  whm 
Professor  Leslie  wai  naturally  led  to  make  it, 
by  the  train  of  his  researches  on  evaporatioii 
and  hygrometry. 

The  extreme  rapidity  cf  evapofatieo  in 
vacuo  may  be  inferred  from  I>r.  RobisflB** 
position,  that  all  liquids  boil  in  it,  at  a  tem- 
perature ]20«  io  1250  lower  than  Uieirvsoa/ 
boiling  point  in  the  atmosphere.  Could  we 
find  a  liquid  or  solid  substance  which  would 
rapidly  imbibe  alcohol,  ether,  or  sulphureC  of 
carbon,  we  would  probably  be  able  to  effect 
reductions  of  temperature  prodigiously  gi««ttt 
than  any  hitherto  reached.  M'ater,  howevff, 
has  no  doubt  one  advantage,  in  the  superior 
latent  heat  of  its  vapour,  which  must  com- 
pensate in  a  considerable  degree  for  its  infcriflf 
rapidity  of  vaporization.  -,_- 

In  the  month  of  June  1810,  Professor 
Leslie  having  Introduced  a  surface  of  sulphuric 
add  under  the  receiver  of  an  air-pump,  and 
also  a  watch-glass  filled  witii  water,  he  found, 
tiuit  after  a  few  atrokes  of  the  pump,  the  water 
was  converted  into  a  solid  cake  of  ice,  which 
being  left  in  tiierarefied  medium,  continued  to 
evaporate,  and  after  the  interval  of  about  an 
hour  totally  disappeared.  When  the  air  ha* 
been  rarefied  250  times,  the  utmost  that  under 
such  circumstances  can  perhaps  be  eiftettdi 
the  surfcce  of  evaporation  is  cooled  down  1W» 
Fahrenheit  in  winter,  and  would  pmbsMy, 
from  more  copious  evaporation  and  conden- 
sation, sink  near  200*  in  summer.  If  the  air 
be  rarefied  only  SO  tiroes,  a  depression  of  80", 
or  even  100<»,  will  be  produced. 

We  are  thus  enabled  by  this  elegant  com- 
bination, to  freese  a  mass  of  water  in  the 
hottest  weather,  and  to  keep  it  fioseo,  till  it 
padually  wastes  away,  by  a  oootinued  bat 
mvisible  process  of  evaporation.  The  enly 
thing  required  is,  that  the  surface  of  the  sdd 
should  approach  tolerably  near  to  that  of  the 
water,  and  should  have  a  greater  extent;  for 
otherwise  the  moisture  would  exhale  mete 
eopioudy  (hui  it  oould  be  transferred  10^ 
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■lambcil,  «d  eaomfpmHy  the  drynew  of  On 
iaas6ed  uifldhim  would  become  rrauoed,  and 
its  evaponting  encsgy  esaentiaUy  impaized. 
The  add  ihould  be  poured  to  the  depth  of 
pcrfaftps  half  an  inch,  m  a  broad  flat  dish, 
which  ia  covered  by  a  lecdTer  of  a  form  nearly 
hemispherical;  the  water  exposed  to  oocgebu 
tion  may  be  contained  in  a  shallow  cap,  id>oot 
half  the  width  of  the  dish,  and  having  its  riro 
supported  by  a  narrow  porcelain  ring,  upheld 
above  the  surface  of  the  add  by  three  slender 
feet.  It  is  of  consequence  that  the  water 
sbould  be  insulated  as  much  as  possible,  or 
abould  present  only  a  humid  surface  to  the 
contact  of  the  surrounding  medium  ;  for  the 
dry  aides  of  the  cup  might  receive,  by  radiation 
from  the  eztemal  alx,  such  accessions  of  heat, 
as  greatly  to  diminish,  if  not  to  counteract,  the 
xe^gemting  effects  of  evaporation.  This  in« 
convenience  is  in  a  great  measure  obviated,  by 
fatvesting  the  cup  with  an  outer  case,  at  the 
intoval  of  about  half  an  inch.  If  both  the 
cap  and  its  case  consist  of  glass,  the  process  of 
congelation  is  viewed  most  completely;  yet 
vboi  they  are  formed  of  a  bright  metal,  the 
effect  appears,  on  the  whole,  more  striking. 
But  the  preferable  mode,  and  that  which  pre^ 
vents  any  waste  of  the  powers  of  refrigeration, 
is  to  expose  the  water  in  a  saucer  m  porous 
earthen  ware.  At  the  instant  of  congelation, 
a  beautiful  network  of  icy  spicuhe  pervades 
the  liquid  mass. 

The  disposition  of  the  water  to  fill  the  re- 
ceivev  with  vapour,  will  seldom  permit  even 
a  good  air-pump  to  produce  greater  rarefaction 
than  that  indicated  by  3-lOths  of  an  inch  of 
mereniy,  beneath  the  barometrical  height,  at 
the  time.  But  every  practical  object  may  be 
obtaiDcd  by  more  moderate  rarefactions,  and  a 
considerabte  surface  of  add.  The  process 
goes  on  more  slowly,  but  the  ice  is  very  solid, 
especially  if  the  water  have  been  previously 
pureed  of  its  air  by  distillation,  or  boiling  for 
a  considerable  time.  If  we  use  a  receiver, 
with  a  sliding  wire  passing  down  ftom  its  top 
through  a  collar  of  leathers,  and  attach  to  it  a 
disc  of  g^ass ;  on  applying  this  to  the  surface 
of  the  water  cup,  we  may  instantly  suspend 
the  process  of  congelation ;  and  raising  the  disc 
as  suddenly,  permit  the  advancement  of  the 
pnioesa. 

In  exhibiting  the  different  modifications  of 
this  system  of  oongebtion  to  my  pupils,  J. 
have  been  accustomed  for  many  years  to  re- 
commend the  emplojrment  of  a  series  of  cast- 
iron  plates,  attachable  by  screws  and  stopcocks 
to  the  air-^pomp.  Each  iron  disc  has  a  re- 
ceiver adapted  to  it.  I'hus  we  may,  with  one 
air-pump,  successively  put  any  number  of 
fnaiag  processes  m  action.  A  casuiron  drum 
of  considerable  dimensions  being  filled  with 
itcam,  by  heating  a  small  quantity  of  water  in 
it,  will  sufficiently  expel  the  air  for  produdng 
the  requisite  vacuum.  Whm  it  is  cooled  by 
affuHOD  of  water,  eoe  of  the  above  tiansftncr 


flatet  being  attwhed  to  the  stiip-oodt  en  its 
upper  surface,  would  easily  enable  nsi  without 
any  air-pump,  to  effect  oongdation  by  meam 
of  sulphuric  add,  in  the  attenuated  atmosphere. 
Suppose  the  capadty  of  the  receiver  to  be 
l-0Oth  of  the  iron  cylinder ;  an  aeriform  ran* 
faction  to  this  degree  would  be  effected  in  a 
moment  by  a  turn  of  the  stop-cock ;  and  on  its 
being  returned,  the  moisture  bdow  would  be 
cut  off,  and  the  add  would  speedily  condense 
the  small  quantity  of  vapour  which  had 
ascended. 

This  cheap  and  powerful  plan  was  publicly 
recommended  by  me  upwards  of  16  years  ago, 
when  I  had  a  glass  modd  of  it  made  for  dass 
illustmtion. 

The  combined  powers  of  rarefaction,  vapo- 
rization, and  absorption,  are  capable  of  efiecting 
the  congelation  of  quicksilver.  If  this  metal, 
contained  in  a  hoUow  pear-shaped  piece  of  ice, 
be  suspended  by  cross  threads  near  a  broad 
surface  of  sulphuric  add,  under  a  recdver ;  on 
urging  tlie  rarefaction,  it  wiQ  become  frozen, 
and  may  be  kept  in  the  solid  state  for  several 
hours.  Or  otherwise,  having  introduced  mer- 
cury into  the  large  bulb  of  a  thermometer,  and 
attached  the  stem  to  the  sliding  rod  of  the 
receiver,  place  this  over  the  sulphuric  add  and 
water  cup  on  the  air  pump  plate.  Af^  the 
air  has  been  rarefied  about  dO  tiroes,  let  the 
bulb  be  dipped  repeatedly  into  the  very  cold 
but  unfrozen  water,  and  again  drawn  up  about 
an  inch.  In  this  way  it  wUl  become  incrusted 
with  successive  coats  of  ice,  to  the  twentieth 
of  an  inch  thick.  The  cup  of  water  bdng 
now  withdrawn  from  the  recover,  the  pendent 
icide  cut  away  from  the  bulb,  and  the  surface 
of  the  ice  smoothed  with  a  warm  finger,  the 
recdver  is  again  to  be  replaced,  and  the  bulb 
being  let  down  within  halif  an  inch  of  the  add, 
the  exhaustion  must  be  pushed  to  the  utmost 
When  the  syphon-gauge  errives  at  the  tenth  of 
an  inch,  the  icy  crust  opens  with  fissures,  and 
the  mercury  having  gradually  descended  in  the 
tube,  till  it  reach  its  point  of  congelation,  or 
39°  below  soo,  sinks  by  a  sudden  contraction 
almost  into  die  cavity  of  the  bulb.  The 
apparatus  behig  now  removed,  and  the  ball 
speedily  broken,  the  metal  iq>pear8  a  solid 
shinmg  nuus,  that  will  bear  the  stroke  of  a 
hammer.  A  sdll  greater  degpree  of  cold  may 
be  produced,  by  applying  the  same  process  to 
cool  the  atmosphere  which  sunonnds  the 
receiver. 

When  the  add  has  acquired  one-tenth  of 
water,  ito  refrigerating  power  is  diminished 
only  one-hundredth.  When  the  Quantity  of 
moisture  is  equal  to  one-fourth  of  me  concen- 
trated add,  uie  power  of  generating  cold  is 
reduced  by  a  twentieth ;  and  when  the  dilution 
is  one-hau,  the  cooling  powers  become  one- 
half  or  probably  less.  Sulphonc  add  is  hence 
ciqpable  of  efiectuag  the  congelation  of  more 
than  twenty  times  its  wdght  of  water,  befbre 
it  has  imbibed  nearly  its  own  bulk  of  that 
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liquid,  or  hat  lost  about  oce-eighth  of  lis 
lenigerating  power.  The  acid  should  then  be 
removed^  ana  reconcentrated  by  heat. 

The  danger  of  using  a  oorrosiVe  acid  in 
uniddlful  hands  may  be  obviated  by  using 
oatmeal,  desiccated  nearly  to  brownness  before 
a  kitchen-fire,  and  allowed  to  cool  in  close 
Tessela.  With  a  body  of  thiis  a  foot  in  dla- 
meter,  and  an  inch  deep,  Professor  Leslie 
fioze  a  pound  and  a  quarter  of  water,  con- 
tained in  a  hemispherical  porous  cup.  M  uriate 
of  lime  in  ignited  porous  pieces  may  also  be 
employed  as  an  absorbent.  £ven  mouldering 
trap  or  whinstone  baa  been  used  for  experi- 
mental  illustration  widi  success. 

By  the  joint  operation  of  radiation  and 
evaporation  from  the  surface  of  water,  the 
natives  of  India  are  enabled  to  procure  a  supply 
of  iofr^  when  the  temperature  of  the  air  is  many 
degrees  above  the  freezing  point.  Not  far 
from  Calcutta,  in  Uargt  open  plains,  three  or 
four  excavations  are  made  in  tlie  ground,  about 
30  feet  square,  and  2  feet  deep,  the  bottom  of 
which  is  covered  to  the  thickness  of  nearly  a 
foot  with  sugar  canes,  or  dried  stalks  of  Indian 
com.  On  this  bed  are  placed  rows  of  small 
unglased  earthen  pans,  about  an  inch  and  a 
ouarter  deep,  and  somewhat  {xirous.  In  the 
ausk  of  the  evening,  during  the  months  of 
December,  January,  and  February,  they  are 
filled  with  soft  water,  previously  boDed  and 
sttfieied  to  cool.  M^hen  the  weather  is  very 
fine  and  dear,  a  great  part  of  the  water  be- 
comes  fiozen  during  the  night  The  pans  are 
regularly  visited  at  sunrise,  and  tfieir  contents 
emptied  into  baskets  which  retain  the  ice. 
These  are  now  carried  to  a  conservatory  made 
by  sinking  a  pit  14  or  15  feet  deep,  lined  with 
straw  under  a  layer  of  coarse  blanketing. 
The  small  sheets  of  ice  are  thrown  down  into 
the  cavity,  and  rammed  into  a  solid  mass. 
The  moudi  of  the  pit  is  then  closed  up  with 
straw  and  blankets,  and  sheltered  by  a  thatched 
roof. 

For  some  additioiud  fiuts  on  this  interesting 
subject,  see  the  sequel  of  the  article  Dew. 

CONOLOMERITE.  A  compound  mi- 
neral  mass  in  which  angular  fragments  of 
rocks  are  imbedded.  The  Italian  term  breeHa 
has  the  same  meaning.  In  pudding^tone, 
the  imbedded  fragments  are  round,  bearing 
the  marks  of  having  been  poli!«hed  by  attrition. 

CONITE.  An  ash  or  greenish-grey  co- 
loured mineral,  which  becomes  brown  on  ex- 
nre  to  the  air.  It  is  massive  or  stalactitic, 
]11  internally,  and  has  a  small-grained 
uneven  fhusture.  It  is  brittle :  sp.  gr.  2.85. 
It  dissolves  in  nitric  acid,  with  slight  effer- 
vescence, and  blackens  without  fusing  before 
the  blowpipe.  Its  constituents  are  67*5  car. 
bonate  of  magnesia,  28  carbonate  of  lime,  3.6 
oxide  of  iron,  and  1  water  It  is  found  in 
the  Meissner  trap  hill  in  Hessia,  in  Saxony, 
and  Iceland.  Dr.  MarcuUoch  has  given  the 
name   CotiUe  to  a  pulverulent  mineral,  as 


fusible  as  glass  into  a  tnnspflTCiit  bead,  wJueb 
he  found  in  Mull  and  Olenfwg,  in  the  tnp 
hills  of  Kilpatrick,  and  the  Isle  of  Sky. 

COPAL,  improperly  called  gaun  cofol,  is 
a  hard,  shining,  transparent,  dtzoo-ooJoored, 
odoriferous,  concrete  juice  of  an  American 
tree ;  but  which  has  neither  the  solubility  in 
water  conomon  to  gums,  nor  the  solubilitj  in 
alcohol  common  to  resins,  at  least  in  any  con- 
siderable degree.  By  these  properties  it  re- 
sembles amber.  It  may  be  dissolved  by  di- 
gestion  in  linseed  oil,  rendered  drying  by 
quicklime,  with  a  heat  very  little  leas  than 
sufficient  to  boil  or  decompose  the  oil.  This 
solution,  diluted  with  oil  of  turpentine,  forms 
a  beautiful  transparent  varnish,  which,  wlien 
properly  applied,  and  slowly  dried,  ia  very 
hard  and  very  durable  This  varnish  is  ap- 
plied to  snuff-boxes,  tea-boaids,  and  other 
utensUs.  It  piescrvss  and  gives  lustre  io 
paintings,  and  greatly  restores  the  decayed 
colours  of  old  pictures,  by  fiUing  up  the 
cracks^,  and  rendering  the  surfaces  capable  of 
reflecting  light  more  uniformly. 

Mr.  Sheldrake  has  found,  that  camphor  has 
a  powerful  action  on  copal ;  for  if  powdered 
copal  be  triturated  with  a  little  camphor,  it 
softens,  and  becomes  a  coherent  mass;  snd 
camphor  added  either  to  alcohol  or  oil  of  tur- 
pentine renders  it  a  solvent  of  oopaL  Half 
an  ounce  of  camphor  is  sufficient  for  a  qiuu-t 
of  oil  of  turpentine,  which  should  be  of  the 
best  quality ;  and  the  copal,  about  the  qusn- 
tity  of  a  large  walnut,  should  be  broken  into 
very  small  pieces,  but  not  reduced  to  a  fine 
powder.  The  mixture  should  be  set  on  a 
lire  so  brisk  as  to  make  the  mixture  b(ril  al- 
most immediately;  and  the  \essel  Mr.  S.  re- 
commends  to  be  of  tin* or  other  metal^  strong, 
shaped  like  a  wine- bottle  with  a  long  neck, 
and  capable  of  holding  two  quarts.  The 
mouth  should  be  stopped  with  a  cork,  in 
which  a  notch  is  cot  to  prevent  the  yessel 
from  bun«ting.  It  is  probably  owing  to  the 
quantity  of  camphor  it  contains,  that  oil  of 
lavender  is  a  solvent  of  copaL  Camphor  and 
alcohol  dis!M)lve  copal  still  more  readily  than 
camphor  and  oil  of  turpentine. 

Lewis  had  observed,  that  solution  of  am- 
monia enabled  oil  of  turpentine  to  dissolve 
copal ;  but  it  requires  such  nice  management 
of  the  fire  that  it  seldom  succeeds  completely. 

In  the  51  St  volume  of  Tilloch's  Magazine, 
Mr.  Cornelius  Variey  states,  that  a  goml  var- 
nish may  be  made  by  pouring  upon  the  purest 
lumps  of  copal,  reduced  to  a  fine  mass  in  a 
mortar,  colourless  spirits  of  turpentine,  to 
about  one-third  higher  than  the  oopaL,  and 
triturating  the  mixture  occasionally  in  the 
course  of  the  day.  Next  morning  it  may  be 
poured  off  into  a  bottle  for  use.  Successive 
portions  of  oil  of  turpentine  may  thus  be 
worked  with  the  same  copsl  mass.'  Campho- 
rated oil  of  turpentine,  and  oil  of  spike  la- 
vender, are  also  Tocommendcd  as  separate  sol- 
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▼ents  without  triUiTation.  The  latter,  however, 
though  very  good  for  dnwingB  or  priots,  win 
not  do  for  varnishing  pictures,  u  it  dissolves 
the  paint  undemea^,  and  runs  down  while 
drying. 

COPPER  is  a  metal  of  a  peculiar  reddish, 
brown  colour ;  hard,  sonorous,  very  malleable, 
and  ductile ;  of  considerable  tenacity,  and  of 
a  specific  gravity  from  8.6  to  8.9.  At  a  de- 
gree  of  heat  far  below  ignition,  the  surface  of 
a  piece  of  polished  copper  becomes  covered 
with  various  ranges  of  prismatic  colours,  the 
red  of  each  order  being  nearest  the  end  which 
has  been  most  heated  ;  an  effect  which  must 
doubtless  be  attributed  to  oxidation, the  stratum 
of  oxide  being  thickest  where  the  heat  is  great- 
est,  and  growmg  gradually  thinner  and  thinner 
towards  the  colder  part  A  greater  degree  of 
heat  oxidizes  it  more  rapidly,  so  that  it  con- 
tracts thin  powdery  scales  on  its  surface,  which 
may  be  eswily  rubbed  off;  the  flame  of  the 
fuel  becoming  at  the  same  time  of  a  beautiful 
bluish-green  colour.  In  a  heat,  nearly  the 
same  as  is  necessary  to  melt  gold  or  silver, 
it  melts,  and  exhibits  a  bluish-green  flame; 
by  a  violent  heat  it  boils,  and  is  voUtilizcd 
pardy  in  the  metallic  state. 

Copper  rusts  in  the  air ;  but  the  corroded 
part  is  very  thin,  and  preserves  the  metal  be- 
neath from  farther  corrosion. 

We  have  two  oxides  of  copper.  The  black, 
procurable  by  heat,  or  by  drying  the  hydrated 
oxide  precipitated  by  potash  from  the  nitrate. 
It  eoDsists  of  8  copper  -f-  2  oxygen.  It  is  a 
deutoxide.  The  protoxide  is  obtained  by 
digesting  a  solution  of  muriate  of  copper  with 
copper  turnings,  in  a  close  phiaL  The  colour 
pasMs  from  ^ireen  to  dark  brown,  and  grey 
oystalline'grains  are  deposited.  The  solution 
of  these  yidds,  by  potash,  a  precipitate  of  an 
orange  colour,  which  is  the  protoxide.  It  con- 
fists  of  8  copper  +  1  oxygen.  Protoxide  of 
copper  has  been  lately  found  by  BIr.  Mushet, 
in  a  mass  of  copper,  which  had  been  exposed 
to  heat  for  a  considerable  time,  in  one  of  the 
melting  furnaces  of  the  mint  under  his  super- 
inteDdenoe. 

fr,  in  filings,  or  thin  lamine,  intro- 
mto  chlorine,  unites  with  flame  into  the 
efaferide,  of  which  there  are  two  varieties ;  the 
protochloride,  a  fixed  yellow  substance,  and 
the  deutochkride,  a  yeUowish-brown  pulveru- 
knt  sublimate.  1.  The  crystalUne  grains  de- 
posited from  the  above  muriatic  solution  are 
proiocMoride.  The  protochloride  is  oonve- 
nioidy  made  by  heating  together  two  parts  of 
coDoaive  sublimate,  and  one  of  copper  filings. 
An  amber-eoloored  translucent  substance,  fint 
discovend  by  Boyle,  who  called  it  resin  of 
copper,  is  obtained.  It  is  fusible  at  a  heat 
just  bcJow  redness ;  and  in  a  dose  vessd,  or 
a  vessel  with  a  narrow  orifice,  is  not  decom- 
posed or  sublimed  by  a  strong  red  heat  But 
if  air  be  admitted,  it  is  dissipated  in  dense 
vfaite  frunes.    It  is  insoluble  in  water.'    It 


efiervesces  in  nitric  add.  It  dissolves  silenUy 
in  muriatic  add,  from  which  it  may  be  pre- 
dpitated  by  water.  By  slow  cooling  of  the 
fiised  mass  Br.  John  Davy  obtained  it  crys- 
tallized, apparently  in  small  plates,  semi- 
transparent,  and  of  a  light  yellow  colour.  It 
consists,  by  the  same  ingepious  chemist,  of 
Chlorine,  36  or  1  prime  =4.5  36 
Copper,        64       or  1  prime      &0        64 

106  12.5      100 

2.  Deuiochloride  is  best  made  by  slowly 
evaporating  to  dryness,  at  a  temperature  not 
much  above  400^  Fahr.  the  deliquescent  mu- 
riate of  copper.  It  is  a  yellow  powder.  By 
absorption  of  moisture  from  the  air,  it  passes 
from  yellow  to  white,  and  then  green,  repro- 
dudng  common  muriate.  Heat  converts  it 
into  protochloride,  with  the  disengagement  of 
chlorine.  Dr.  Davy  ascertained  the  chemical 
constitution  €^  both  these  compounds,  by  se- 
paraiing  the  copper  with  iron,  and  the  chlorine 
by  nitrate  of  silver.  The  deutochloride  con- 
sists of 

C'hlorine,  63         2  primes  9  63 

Copper,     47         1    do.     8  47 

100  17         100 

The  U)dide  of  copper  is  formed  by  dropping 
aqueous  hydriodate  of  potash  mto  a  solution 
of  any  cupreous  salt  It  is  an  insoluble  dark 
brown  powder. 

Phoifhuret  of  copper  a  made  by  project- 
ing phosphoros  into  red-hot  copper.  It  is  of 
a  white  colour,  harder  than  iron,  pretty  fudble, 
but  not  ductile.  Its  sp.  gr.  is  7*  18«  It  crys. 
tallizes  in  four-sided  prisms.  Proust,  its  dis- 
coverer, says  it  consists  of  20  phosphorus  -f 
80  copper.  Phosphorus  +  2  X  8.0  copper, 
form  the  equivalent  proportions  bv  theory. 
Heat  burns  out  the  phosphorus,  and  scorifies 
the  copper. 

Suiphuret  of  copper  is  formed  by  mixing 
together  dg^t  parts  of  copper  filings,  and  two 
of  sulphur,  and  exposins  the  mixture  to  a 
gentle  heat  Whenever  the  sulphur  is  raised 
a  little  above  its  mdting  temperature,  oom- 
bustion  suddenly  pervades  the  whole  man 
with  explosive  violence. 

Ignition,  with  redprocal  saturation,  con- 
stitutes a  true  combustion,  of  which  every  cha- 
racter is  here.  And  since  the  experiment 
succeeds  perfectiy  well  in  vacuo,  or  in  azota, 
we  are  entitied  to  consider  sulphur  as  a  true 
supporter  of  combustion,  if  this  name  be  re- 
tained is  diemistry ;  a  name  indicating  what 
no  person  can  prove,  that  one  of  the  combining 
bodies  is  a  mere  supporter,  and  the  other  a 
mere  combustible.  Combustion  is,  on  the 
contrary,  shown  by  this  beautiful  experiment 
to .  be  independent  of  those  bodies  vulgarly 
reckoned  supporters.  Indeed,  sulphur  bean 
to  copper  the  same  dectrical  relation  that 
oxygen  and  eUtfrine  bear  to  this  metaL  Hence 
snl^ui  is  at  onoe  a  supporter  and  a  oom- 
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tNMtible,  ID  the  fullest  lense;  a  fact  fatal  te 
this  technical  distinction,  lince  one  body  cannot 
be  poeseued  of  opposite  qualities. 

When  a  due  of  cop;^,  with  an  insulated 
handle,  is  made  to  touch  a  disc  of  sulphur, 
powerful  electrical  changes  ensue ;  and  at  a 
higher  temperature  we  see,  that  the  reciprocal 
•attractive  forces,  or  the  corpuscular  movements 
which  accompany  energetic  affinity,  exdte  the 
phenomena  of  combustion.  To  say  that  one 
of  the  combining  bodies  contains  a  latent  ma. 
gasine  of  heat  and  light,  to  feed  the  flame  of 
Uie  other  body,  is  an  hypothesis  altogether 
destitute  of  proof,  which  should  therefore  have 
no  place  in  one  of  the  exact  sciences,  far  less 
be  made  the  ground- work  of  a  chemical  system. 

Sulphuret  of  copper  consists,  according  to 
Benelius,  of  very  nearly  8  copper  -f  2  sulphur. 
We  may  regard  it  as  containing  a  prime  of 
each  constituent. 

Sulphuric  acid,  when  concentrated  and 
boiling,  dissolves  copper.  If  water  be  added 
to  this,  it  forms  a  blue  solution  of  copper, 
which,  by  evaporation,  affords  blue  crystels, 
that  require  about  four  times  their  weight  of 
water  to  dissolve  them. 

The  solutions  of  copper  in  sulphuric  add 
are  slightly  caustic.  Magnesia,  lime,  and 
the  fixed  alkalis,  predpitate  die  metal  from 
them  in  the  form  of  oxide.  Volatile  alkali 
•precipitates  all  the  solution  of  copper,  but 
redissolves  the  oxide,  and  produces  a  deep 
blue  colour.  There  sre  certain  mineral  waters 
in  Hungary,  Sweden,  Irebtfid,  and  in  various 
parts  of  England,  whidi  contain  sulphate  of 
eopper,  and  from  which  it  is  precipitated  by 
the  addition  of  pieces  of  old  iron. 

Nitric  acid  dissolves  copper  with  great  ra- 
pidity, and  di<en;^aorPS  a  Lu^e  quantity  of  ni. 
trous  gafl.  Part  of  the  metal  falls  down  in 
the  form  of  an  oxide ;  and  the  filorated  or  de- 
canted solution,  which  is  of  a  much  deeper 
blue  colour  than  the  sulphuric  solution,  affords 
crystals  by  slow  evaporation.  This  salt  is 
deliquescent,  very  sohible  in  water,  but  most 
plentifully  when  the  fluid  is  heated.  Its  so- 
lution, exposed  to  the  ur  in  shallow  vessels, 
depei's  an  oxide  of  a  green  colour.  Lime 
precipitat  js  the  metal  of  a  pale  blue,  fixed  al- 
kalis of  a  Wuish- white.  Volatile  alkali  throws 
down  bluish  flocks,  which  are  quickly  redis- 
flolved,  and  produce  a  lively  blue  colour  in 
die  fluid. 

The  saline  combinations  of  copper  were 
formerly  called  satr»  veneris^  because  Venus 
was  the  my  thologioal  name  of  copper.  They 
have  the  following  general  chametcrs :  1 .  They 
«re  mostly  soluble  in  water,  and  their  solutions 
have  a  green  or  blue  colour,  or  acquire  one  of 
these  ooiouTS  on  exposure  to  air.  2.  Am- 
monia added  to  the  solutions,  produces  a  deep 
blue  colour.  3.  Ferroprussiate  of  potash  gives 
a  reddish-brown  predpitate,  with  cupreous 
■alts.  4»  Ghdlic  add  gives  a  brown  piecipitata 
6.  Hy4roralphuTCt  of  potash  f^vn  a  black 


predpitate.  S.  A  plate  of  from  innnened  is 
these  solnttons  thiova  down  metallic  copper, 
and  very  vapidly  if  diere  be  a  slight  excess  of 
acid.  The  protoxide  of  copper  can  be  com. 
bined  with  the  adds  only  by  very  particular 
management  All  die  oKUnary  salts  of  oopptr 
have  the  peroxide  for  a  baae. 

Acetate  of  copper.  The  jtrint  agency  of  air 
and  acetic  acid  is  necessary  to  the  prodoctsn 
of  the  cupreous  acetates.  By  exposing  copper 
plates  to  the  vapours  of  Tinegar,  the  bhiisb. 
peen  verdigru  is  formed,  which  by  sdatioD 
m  vinegar  constitutes  acetate  of  copper.  Thk 
salt  crystallizes  in  fbar..aided  tnmcated  pm> 
midfl.  Its  colour  is  a  fine  bluish-green.  It« 
sp.  gr.  is  1.7s.  It  has  an  austere  metallie 
taste ;  and  swallowed^,  proves  a  violent  pouon. 
Boiling  water  dissolves  one-fifth  of  the  salt, 
of  which  it  deposits  the  greater  part  on  eoal. 
ing.  It  is  soluble  also  in  alcohol.  It  efflo- 
resces by  exposare  to  air.  By  heat,  in  a  retmt, 
it  yields  acetic  add,  and  pyro-acedc  spirit 
Sulphuretted  hydrogen  throws  down  the  cop- 
per from  solutions  of  this  salt,  in  the  state  of 
sulphuret  I  had  occasion  to  analyze  this  sab 
about  two  years  ago,  and  found  it  to  consist 
by  experiment  of 

Acetic  acid,  52.0  2  atoms  13.26  51.96 
Perox.  ofcop.  39.6  1  do.  10.00  39.:^ 
Water,  a4     1   do.        2.35       ^82 

100.0  25.61    lOOiN) 

More  lately,  I  have  prepared  a  crystaliiaed 

bin-aoetate,  which  I  found  to  be  anhydRNis. 
Mr.  Vauquclin  gives  for  the  composidoB 

of  the  crystallized  acetate  of  copper. 

Acetic  acid       .        2  atoms,  12.75     51 
Oxide  of  copper       1  10  00    40 

Water        .      .      3  2.25      9 

100 

Verdigris  is  a  mixture  of  the  crystallized 
acetate  of  copper  and  a  subooeute.  A  portion 
of  the  latter  was  extracted  by  wasWng  pul- 
verized verdigris  rapidly,  with  successive  smsB 
portions  of  cold  water,  to  avoid  decomposi- 
tion.    This,  when  dried,  wm  anrfywd,  fm 
the  oxide,  by  ignition  after  nitric  add;  and 
for  the  acid  by  converting  carbonate  of  potssh 
into  aceute.     Its  constituents  were  touna  to 
be  nearly  60.5  oxide,  and  33.5  add.  .^"5" 
a  solution  of  crystallized  acetate  is  boiled  tw 
savue  Uuie  it  is  decomposed,  a  little  *cctic  aeia 
escapes,  much  black  oxide  of  copper  falls  ^^f» 
and  when  the  decomposition  ceases,  whicn  it 
always  ultimatdy  do<i,  another  acetate  of  cop- 
per is  found  in  the  solution.     This  decompo- 
sition takes  place  in  close  vesaelf««  ^^^^ 
acetic  add  is  allowed  to  escape.  One  h"''**: 
parts  of  the  crystalliaed  acetate  deposit  aboni 
14.05  of  oxide,  leaving  in  sohition  2535  p^ 
combined  with  twice  its  weight  o£ac^c  mOO. 

Henoe  there  are  three  combinations  of  BC^ 
acid  and  oxide  of  ooppnr  oooftatning,  the  w», 
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fULb ;  die  Koond,  44.44 ;  and  thetUid,  33.34 
of  OKide.  If  1  part  of  ▼•rdigria  be  mized  widi 
500  of  distilled  water,  and  left  «t  a  tempera- 
tare  of  60*  or  70»  F.  it  gradually  becomea 
yellow,  then  brown,  and  in  seren  or  eight  days 
DO  green  portions  are  to  be  obsenred.  When 
filtered,  peroxide  is  obtained ;  100  parts  of  ver- 
digris were  found  thus  to  leave  aboat  23  parts 
of  oxide  of  cq>per.  It  is  only  the  subacetate 
of  the  verdigris  which  undergoes  this  change. 
This  subacetate  is  insduble  in  water,  but  de. 
comparable  in  that  fluid  into  a  peroxide  and 
an  acetate.  The  other  two  salts  are  the  neutral 
acetate,  resolvable  by  boiling  in  water  into 
peroxide  and  superaoetate ;  and  this  superace- 
tate.     Memoire*  de  Muteum^  x.  295. 

The  subacetate  of  Proust,  obtained  by  dis- 
solving verdigris  in  water,  is  said  to  eonsist  of 
add  and  water,  37 
Oxide,  63. 

The  proportion  of  40  acid  -^  00  oxide  is 
that  of  1  atom  of  each,  to  use  the  hypothetical 
tenn.  Now  Proust's  experiments  seem  to 
leave  uncertainty  to  the  amount  of  that  difier. 
ence.  This  salt  should  be  called  probabfy  the 
mceiaU,  Proust's  insoluble  part  of  verdigris 
will  become  the  subacetate.  This  constitutes 
44  per  cent.,  and  the  other  66.  But  the  pro^ 
portiona  will  fluctuate ;  and  an  intermixture 
of  earbonate  may  be  expected  occasionally. 

Araeniate  of  copper  presents  us  with  many 
sub-species  which  an  found  native.  Thearae- 
niate  may  be  formed  artificially  by  digesting 
anenie  add  on  copper,  or  by  adding  aneniate 
of  potash  to  a  copieous  saline  solution. 

1.  Obtuse  octohedral  arteniate^  consisting 
of  two  ibur-dded  pyramids,  applied  base  to 
base,  oi  a  deep  sky-blue  or  grass  green  colour. 
Their  sp.  gr.  is  2.68.  They  consist,  acoord- 
ing  to  Chenevix,  of  14.3  add  +  ^  brown 
oude  +85.7  water.  2.  HexcAedral  arteniate 
ii  found  in  fine  six-oded  laminaa,  divisible  into 
thin  scales.  Its  odour  is  a  deep  emerald- 
green  ;  and  its  sp.  gr.  2.648.  It  consists,  by 
Vanquelin,  of  43  add  +  39  oxide  +  18  water. 
When  arseniate  of  ammonia  is  poured  into 
nitrate  of  copper,  this  variety  predpitates  in 
iroall  blue  crystal!.  3.  ActOe  octahedral  arse- 
matey  corapeaed  ot  two  four-sided  pyramids, 
q>ptled  base  to  base,  and  sometimes  in  rhom- 
boidal  prisms,  with  dihedral  summits.  It 
consisto  of  29  add  -f-  60  oxide  -f-  21  water. 
The  last  ingndient  is  sometimes  wanting. 
4.  Trihedral  arsemaU  occurs  also  in  othor 
forms.  Colour  blubh-green.  It  consists,  by 
Chenevix,  of  30  add  +  64  oxide  -f  16  water. 
6.  Superarseniate*  On  evaporating  the  super- 
natant solution  in  the  second  variety  artificially 
made,  and  adding  alcohol,  M.  Chenevix  ob- 
tained  a  predpitace  in  small  blue  rhomboidal 
crystals.  They  were  composed  of  40.1  add 
-(-  36.6  oxide  +  24.4  wafer.  The  followmg 
is  a  geaenl  table  of  the  compodtioa  of  these 


Add. 

Oxide. 

Water. 

1. 

1.00 

3.70 

2.60 

2. 

1.00 

2.76 

1.00 

3. 

1.00 

1.72 

0.70 

4. 

1.00 

1.80 

a63 

6. 

1.00 

a66 

0.60 

Arseniate  of  copper ^  caHed  Sdiede*s  green, 
is  prepared,  by  the  old  prescription  of  mixing 
a  solution  of  2  parts  of  sulphate  of  copper  in 
44  of  water,  with  a  solution  of  2  parts  of  pot- 
ash  of  commerce,  |uid  1  of  pulverised  areenious 
acid,  also  in  44  of  water.  Both  solutions 
bdng  warm,  the  first  is  to  be  grsdually  poured 
hito  the  second.  The  grass-green  insoluble 
precipitate  is  to  be  wdl  washed  with  water. 

Carbowste  of  copper.  Of  this  compound 
then  are  three  native  varieties,  the  green,  the 
blue,  and  the  anhydrous.  Aooording  to  Mr. 
R.  Philips,  the  following  is  the  order  of  their 
eompodtion  t 

1st.  2d.  3d. 

Carbonic  add,  2.76        11.00        2L76 

Deutox.  copper,       10.00        30.00      10.00 
Water,  1.126        2.26        0.00 

Wdghts  of  primes,  13.876      43.26      12.75 

The  artificial  carbonate^  obtained  by  Proust 
on  adding  an  alkaline  carbonate  to  a  solution 
of  the  nitrate  of  copper,  is  the  same  with  the 
second  kind. 

Chlorate  of  copper  is  a  deflagratiflg  deli- 
quescent green  salt. 

Flmate  of  copper  is  in  small  Uoe-coloured 
crystsls. 

Hydriodate  of  a^fper  is  a  greyish-white 
powder. 

Protomnriate  of  copper  has  already  been 
described  in  treating  of  the  chlorides. 

Ventomuriate  of  copper^  formed  by  dis- 
solving the  deutoxMe  in  muriatic  add,  or  by 
heating  muriatic  aeid  «n  copper  filings,  yid^ 
by  evaporation  ciystals  of  a  gnfi8.green  colour^ 
in  the  form  of  rectangular  paxandcvpipeds. 
Their  sp.  g^.  is  1 .68.  They  are  caustic,  veiy 
deliquescent,  and  of  course  very  soluble  in 
water.  According  to  Beradiva,  it  consists  of 
Acid,  40.2 

Deutoxide,      59.8 

100.0. 

The  SfnmoniO'nitrate  evaporated,  yidds  a 
fulminating  copper.  Crystals  of  nitrate,  mixed 
with  phosphorus,  and  struck  with  a  hammer, 
detonate.  When  pulverized,  then  sligfady 
moistened,  and  suddenly  wrapt  up  firm  in 
tin -foil,  the  nitrate  produces  an  explosive  com- 
bustion. The  nitrate  seems  to  consist  of  a 
prime  of  add  -f-  a  prime  of  deutoxide,  besides 
water  of  crystallization. 

Svbnitrt^e  of  copper  is  the  blue  precipitate, 
occasioned  by  adding  a  little  potash  to  the 
neutral  nitric  solution. 

Nitrite  of  copper  is  formed  by  mixing  id- 
ttite  of  lead  with  sulphate  of  copper. 


COP 


368 


COP 


The  tmlfktiA,  or  blue  ntriol  of  oommercr, 
is  B  httnljihiff.    Its  sp.  gr.  it  2.2.     It  con- 

Add,  31.38  8  primes,  10.0  32.0 
Oxide,  32.32  1  do.  10.0  32.0 
Water,       3&30     10    do.      11.25    36.0 


100.00  31.25  100.0 

A  mixed  solutioD  of  this  sulphate  and  sal 
ammoniac  forms  an  inic,  whose  traces  are  in- 
visible in  the  cold,  but  become  yelloir  when 
heated ;  and  vanish  again  as  the  paper  oooifl. 

A.  neutral  sulphate  of  copper  may  be  formed 
by  saturating  the  excess  of  add  with  oxide  of 
copper.  It  dystallizes  in  four<.8ided  pyramids, 
separated  by  quadrangular  prisms. 

M.  Proust  formed  a  subsulphate  by  adding 
a  little  pure  potash  to  a  solution  of  the  last 
Bslt.    A  green*coloured  precipitate  &Us. 

Prototulphite  of  copper  is  formed  by  pass- 
ing a  current  of  sulphurous  acid  gas  through 
the  deutoxide  of  copper  diffused  in  water.  It 
is  deprived  of  a  part  of  its  oxygeut  nnd  com- 
bines with  the  add.  The  sulphate,  simul- 
taneously produced,  dissolves  in  the  water; 
while  the  sulphite  forms  small  red  crystals, 
from  which  merely  long  ebullitioD  in  water 
expebtheadd. 

StUpMU  of  poUuh  and  copper  is  made  by 
adding  the  sulphite  of  potau  to  nitrate  of 
copper.  A  yeDow  flooeuknt  prec^tate,  con- 
sisting of  minute  crystals,  falls. 

Ammoma-^lphaie  of  copper  is  the  salt 
fSormed  by  adding  water  of  ammonia  to  solu- 
tion of  the  bisttlphate.  It  consists,  according 
to  Berxelius,  of  1  prime  of  the  cupreous,  and 
r  1  of  the  ammoniacal  sulphate,  combined  to- 
gether; or  20.0  +  7-13  +  14.625  of  water. 

Snbttdphaie  of  ammonia  and  copper  is 
fijrmed  by  adding  alcohol  to  the  solution  of 
the  preceding  salt,  which  predpitates  the  sub- 
suljMiate.  It  is  the  cuprum  ammoniacum  of 
the  pharmacopoeia.  According  to  Beiseiius, 
it  consists  of 

Add,  32.23  or  nearly  2  primes, 

Beutox.  ofeoppff,  34.00  1    do. 

Ammonia,  26.40  4    do. 

Water,  7*35  2    da 

100.00 

Sulphate  ofpotath  and  copper  is  formed  by 
digesting  bisulpbate  of  potash  on  the  deutoxide 
or  carbonate  in  copper.  Its  crystals  are  green, 
ish-coloured,  flat  psrallelopipedons.  It  seems 
to  consist  of  2  primes  of  sulphate  of  potash 
+  1  prime  of  bisulpbate  of  copper  -}-  12  of 
water. 

The  following  adds,  antimooic,  antimo- 
niouB,  boradc,  chromic,  molybdic,  phosphoric, 
tungstic,  form  insoluble  salts  with  deutoxide 
of  copper.  The  first  two  are  green,  the  third 
is  brown,  the  fourth  and  fifth  green,  and  the 
sixth  white.  The  benaoate  is  in  green  crystals, 
sparingly  soluble.    The  oxalate  is  also  greei^. 


The  bincncalates  of  fxrtaah  and  soda,  viA  asi^ 
of  copper,  give  triple  saltai,  in  green  needle 
form  crystals.    There  are  also  ammoDis^x. 
alates  in  difi[aent  vaiieties.  Tartrateof  copper 
forms  dark  bhiish-gieen  cryatalf.    OnmMi- 
trate  of  copper  is  a  bluiah-greeo  powder,  oxd'. 
monly  callol  Brunawicir  green.     M.  Vosfisrt 
has  observed  that  cfaroniate  of  copper,  pie. 
pared  by  predpitatiDg  sulphate  of  copper  bj 
chromate  of  potash,  and  which  is  of  a  reddidi- 
brown  colour,  is  soluble  in  dilute  wa»  flf 
ammonia,  produdng  a  clear  aolution  of  a  boo- 
tiful  and  dieep  green  colour.     When  the  nfai- 
tion  is  evaporated,  the  leddish  dmxnste  of 
copper  appears  as  the  ammonia  flies  cSL  Tltf 
readiest  way  of  preparmg  thia  penmaent  sod 
beautiful  colour,  is  to  add  solution  of  chsoattte 
of  potash  to  ammoniacal  sulphate  of  copper. 
Joum,  de  Pharmacie  for  1824,  p.  607-    Sec 
Salt. 

To  obtain  pine  copper  for  ezpeiimcnta,  vr 
predpitate  it  in  the  meteUic  states  by  bb* 
mening  a  plate  of  iron  in  a  soIatiaD  of  i^ 
deutomuriate.  The  pulverulent  copper  taai 
be  washed  with  dilate  muriatic  add. 

In  the  wet  way,  Brunswick  gk  FrieilaD^ 
green  is  prepared  by  pouring  a  satnated  so- 
lution of  muriate  of  ***»«"^TiTm  over  ooppa 
filings  or  shreds  in  a  close  vessel,  keeping  tbe 
mixture  in  a  warm  place,  and'adding  more cf 
the  solution  from  time  to  time,  till  three  psrtt 
of  muriate  and  two  of  copper  have  been  uaed. 
After  standing  a  fow  weeks,  the  pignxnt  is  t» 
be  separated  from  the  unoxidised  copper,  bf 
washing  through  a  sieve;  and  then  it  is  to  be 
well  washed,  and  dried  slowly  in  the  shsde. 
This  green  is  almost  always  adultenued  wiA 
ceruse. 

This  metal  combines  very  readily  with  gold, 
silver,  and  mercury.  It  unites  imper&edy 
with  iron  in  the  way  of  fusion.  Tin  combines 
with  copper,  at  a  temperatuxe  much  lower  than 
is  necessary  to  fuse  the  copper  alone.  Ontbia 
is  grounded  the  method  of  tinning  copper  ves- 
seb.  For  this  purpose,  they  are  first  scraped 
or  scoured;  after  which  they  are  robbed  with 
sal  ammoniae.  They  sie  then  heated,  and 
sprinkled  with  powdered  resin,  whidi  defends 
*the  desn  surfoce  of  the  copper  from  acquifing 
the  slight  film  of  oxide  that  would  prevent  the 
adhesion  of  the  tin  to  its  sur&oe.  The  melted 
tin  is  then  poured  in,  and  spread  about  M 
extremdy  small  quandty  adheres  to  the  oop* 
per,  which  may  perhaps  be  supposed  iunffi- 
dent  to  prevent  Uie  noxious  efiiscts  of  the  cop- 
per as  perfoctlv  as  might  be  wished. 

When  tin  is  melt^  with  coppee,  it  oom> 
poses  the  compound  csUed  bconie.  In  ^ 
metal  the  specific  gravity  is  slways  gicsttf 
than  would  be  deduced  by  computadoo  froa 
the  quantities  and  specific  gravidesof  jlseoai- 
ponentparts.  The  uses  of  this  hard,  sonoiooi» 
and  durable  composition,  in  the  fabncatioB  of 
cannon,  bells,  statues,  and  other  «rtid«s,  a» 
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osoally  made  of  copper  ond  tin  only,  but  htm 
odier  admiztarcB,  eontlsting  of  Ind,  zinc,  or 
•raoik,  aoooidiDg  to  the  motiref  of  profit,  or 
odiar  indacements  of  the  artist.  Bat  the  at- 
tcntian  of  the  philoaopher  is  more  particularly 
directed  to  the  inixti»e  of  copper  and  tin,  on 
aoooont  of  its  being  the  substance  of  which 
the  speeiihims  of  reflecting  telesoopes  are  madcw 
See  Spkcvlvm.  The  aodents  made  cuU 
tiDg  instiumnits  of  this  alloy.  A  dagger  ana- 
lyzed by  Mr.  Hiehn  conaisted  of  aStt  copper, 
and  1«^  tin. 

Capper  nnites  trith  bismuth,  and  forms  a 
nddiah-white  alloy.  With  aiaenic  it  forms  a 
white  brittle  oompoond,  called  tombac  With 
liDC  H  fttma  the  compound  called  brass,  and 
diatfaigQiahed  by  various  other  names,  acooid. 
ing  to  the  propclitina  of  the  two  ingredients. 
It  is  not  easy  to  unite  these  two  metals  in  eon- 
sidenfale  praportioBa  by  Itaaloo,  because  the 
sine  is  burnt  or  Tolatiliaed  at  a  heat  inftrior 
to  tliat  wfcldi  is  required  to  mdt  copper;  but 
Ihey  wnite  very  wdl  in  the  way  of  cementa- 
tion. In  the  braao  woriis,  copper  is  granulated 
by  pouring  it  tfaeDugb  a  plate  of  iien,  per. 
ferated  witti  small  holes  and  luted  with  day, 
>  a  q^uaAtw  of  water  about  four  ftet  de^, 
1  eontinually  renewed:  to  prevent  die  dan- 
BOO  SKplosionsof  diis  metal,  it  is  neoesssry 
to  pour  but  a  small  quantity  at  a  time.  There 
are  various  methods  of  combining  this  granu- 
lated  oopper,  or  other  small  pieces  of  ctwper, 
with  the  vapour  of  sine.  Cahunine,  which  is 
an  ore  of  shic,  is  pounded,  oaldned,  andmized 
with  the  divided  copper,  together  with  a  por. 
tknofcharooaL  These  behig  exposed  to  the 
heat  of  a  wind  Inaiaoe,  the  linc  becomes  re- 
vived,  riaes  in  vapour,  and  combines  with  die 
copper,  wlridi  it  converts  into  brass.  The  heat 
■nst  be  oootinued  ftr  a  greater  or  less  num- 
ber of  honia,  aeoardhi|  to  the  thickness  of  the 
piecEa  of  eo|pper,  and  other  circumstances ) 
and  at  the  end  of  the  process,  the  heat  being 
snddenly  raised,  causes  the  brass  to  mdt,  and 
occupy  the  lower  part  of  the  crudble.  The 
most  adcDtlfie  method  of  maUng  brass  seems 
to  be  that  mentioned  by  Cramer.  The  pow- 
dered  odandne,  bdng  mixed  widi  an  equal 
quanti^  of  dMomoal  and  a  portion  of  clay,  b 
to  be  ranuned  into  a  mdtmg  vcasd,  and  a 
quantity  of  copper,  amounting  to  two-thirds 
of  tlie  weight  cf  calamine,  must  be  placed  on 
die  top,  and  covered  with  chareoaL  By  this 
the  volatile  afaic  ascends,  and 


and  i 


eonvcrts  the  copper  Into  brass,  which  flows 
hito  the  rammed  day ;  consequently,  if  the 
calamine  contain  Uad^  or  any  other  metal,  it 
win  not  enter  into  brass,  the  line  alone  being 
aased  by  the  heat 

A  flne  kind  of  brass,  whidi  is  suspooed  to 
be  made  b^  cementation  of  copper  plates  with 
'^^ — ' — ,  IS  hammered  out  into  leaves  in  €kr. 


BBOy;  and  is  sold  very  cheap  in  this  country, 
oof  Dutdi  gold  or  Dutch  mstaL 


under  tbei 


It  is  about  Ave  tftmes  as  thick  as  gold  leaf;  that 
is  to  say,  it  Is  about  one  sixty.dionsandth  of  an 
inch  thick. 

Copper  unites  leadQy  with  antimonv,  and 
affords  a  compound  of  a  beautiful  violet  co- 
lour. It  does  not  readily  unite  with  manga- 
nese. With  tungsten  it  fonns  a  dark  brown 
spongy  alloy,  which  is  somewhat  ductile.  See 
Ores  or  Coppek. 

Verdigris,  and  other  preparations  of  copper, 
act  as  virulent  poisons,  when  introduced  in 
very  small  quantities  into  the  stomachs  of 
animals.  A  few  grdns  are  sufBdent  for  this 
effttt.  Death  is  commonly  preceded  by  very 
dedded  nervous  disorden,  such  as  convulsive 
movements,  tetanus,  general  insensibility,  or 
a  palsy  of  the  lower  extremities.  This  event 
happens  frequendy  so  soon,  that  it  could  not 
be  occasioned  by  inflammation  or  erosion  of 
the  jFTiffwr  via  ;  and  indeed,  where  these  parts 
are  apparently  sound,  it  is  probable  that  the 
poison  is  absorbed^  and,  through  the  circula- 
tion, acts  on  the  brain  and  nerves.  The  cu- 
preous preparations  are  no  doubt  very  acrid, 
and  If  death  do  not  follow  thdr  hnmediatft 
hnpresabn  on  the  sentient  system,  they  will 
cotdniy  inflame  the  intestinal  canal.  The 
symptoms  produced  by  a  dangerous  dose  of 
copper  are  exactly  similar  to  those  which  are 
enumerated  under  srjcnic,  only  the  taste  of 
copper  is  strongly  felt  The  only  chemical 
antidote  to  cupreous  solutions,  whose  opera. 
tkm  is  wdl  understood,  is  water  strongly  im- 
piegnated  with  sulphuretted  hydrogen.  The 
alkaline  hydrosulphurets  are  acrid,  and  ought 
not  to  be  presoribed. 

But  we  possess,  in  Bogar,  an  antidote  to  this 
poison,  of  undoubted  efficacy,  though  its  mode 
of  action  be  obscure.  M.  Duval  introduced* 
into  the  stomach  of  a  dog,  by  means  of  a  ca- 
outdumc  tube,  a  solution  in  acetic  add,  of 
four  French  drachms  of  oxide  of  copper.  Some 
minutes  afterwards,  he  injected  into  it  four 
ounces  of  strong  syrup.  He  repeated  this  in- 
jection every  half-hour,  and  employed  alto, 
gether  19  ounces  of  syrup.  The  animal  ex- 
pCEienced  some  tremblings  and  convulsive 
movements.  But  the  last  injecdon  was  fol- 
lowed by  a  perfect  calm.  The  animal  fell 
asleep,  «id  awakened  free  feom  any  ailment. 

Orffla  relates  several  cases  of  individuals 
who  had  by  acddeut  or  intention  swdlowed 
poisonous  doses  of  acetate  of  copper,  and  who, 
recovered  by  getting  large  doses  of  sugar.  He 
unUbrmly  found,  that  a  dose  of  verdigris, 
whkh  would  kill  a  dog  in  the  course  of  an 
hour  or  two,  joidit  be  swallowed  with  im. 
pnnity,  provided  tt  was  mixed  widi  a  consider^ 
able  quand^  of  sugar. 

If  we  boil  for  hidf  an  hour,  in  a  flask,  an 
ounce  of  white  sugar,  an  ounce  of  water,  and 
10  grains  of  verdigris,  we  obtain  a  green  liquid, 
which  is  not  a»cted  by  the  nicest  tests  of 
copper,  audi  as  fenoprussiate  of  potash,  am. 
and  the  faydroinlphQfsts.     An  Inao- 
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labfe  pern  evbauiM  of  oomt  matim  u  ilifl 
bottom  of  the  flask.    Vogd  ■talet,  thattogar 
boiled  with  sulphate  of  copper  pndpitatet 
metaUic copper;  and  with  aceiate,  pmtozidfr 
€OPPKRA8.    Sal^iateofhnoii. 
CORALS  aeem  to  oondat  of  earbonate  of 
*        lime  and  animal  matter,  in  equal  propor- 
V       tlens. 

/  CORK  is  the  bark  of  a  tree  of  the  oak 

kind^  werj  commoo  in  Spain  and  the  other 
•onthem  paru  of  Europa 

By  the  action  of  the  nitrk  add  it  was  found 
to  be  addified.    See  Acid  (Subeeic). 

Cock  baa  been  recently  analysed  by  Qbcu 
TTcnl  by  digestion,  first  in  water  and  then  in 


aromatic  prineiple,  and  a  little  acetic  acid* 
The  watery  extract  contained  a  ycUow  and  a 
red  oolouiing  matter,  an  nndetermined  acid, 
gallic  acid,  an  astringent  sabstanoe,  a  snhstance 
aontainiDg  asote,  a  substance  sohible  in  water 
and  inaoluhle  in  alcohol,  gallate  of  inn,  lime, 
and  treoes  of  magnesia.  20  parts  of  cork 
treated  in  this  way  left  17*16  of  insefadrie 
matter.  The  undisoolvedTesidae  being  treated 
a  sufficient  nnmber  of  times  with  alcohol, 
Ifieided  a  ▼ariety  of  bodies^  but  which  seem 
Bsdndble  to  three;  namely,  ccrm,  resin,  and 
anoa.  The  ligneous  portion  •df  the  cork  atill 
tpeighed  14  parts,  whidi  are  calltd  mier. 

CORK  (FOSSIL).    SeeAsBSSTOS. 

CORROSIVE  SUBLIMATE.  Sen 
Mbrcubt. 

CORUNDUM.  According  to  PraleaBor 
Jamesoni  this  mineral  genos  contains  3  apn. 
des,  Tix.  octahedral  corundom,  fhotkboidak 
oonindnm,  and  prumaHe  corundum. 

1.  Oetehedrai  is  subdivided  into  3  snb* 
spedes,  Tix.  automalite,  oeylanite,  and  spind« 

2.  Bhomboidal  corundum  contains  4  sub. 
species,  vis.  salamstone,  sapphire,  emery,  and 
oomndum,  or  adamantine  spar. 

3.  Pritmatk,  or  chryaobeiyL  See  the  ao. 
veral  aob-spedes,  under  their  titles  in  tfaa 
Dictionary. 

COTTON.  This  vegetable  fibre  is  eoiuble 
in  strong  alknline  leys.  It  has  a  strong  afi. 
nity  for  some  earths,  particularly  alumina, 
Kveral  metallic  oxides,  and  tannin.  Nitric 
add,  aided  by  heat,  couTerU  eottm  hito  oxal&e 
add. 

My  amdysia  giTcs  for  the  idtimate  onatip 
tnents  of  cotton,  carbon,  43.11;  hydiegca, 
6.06;  oxygen,  62.83;  or  nearly 
Corbsn      11  atoms  »26  42-85 

Hydrogen  8  1.00  &30 

Oxygen     10  10-00  61.65 

10.25        100.00 

9000  gndns  of  dean  eottoD  wool,  in  the  soft 
fieeee,  fimned  by  the  cylinder  cants,  bciqg 
earefoUy  burned  in  a  dlter  basin,  yisUod  en 
an  aremge  of  <  tdds,  10  grains  of  Ui^t  new 
Mhsa^whidi  is  n  trifle  nndffl  per  «ot.   One 


bnadnd  pMts  tf  th«  «iMB«C4 
my  mearcbes,  to  fan  coBapened  of 

1.  SotaV^nmimk 
Carbonate  of  potash  44.8 
Muriate  of  potash  0-9 
Sulphate  of  potash  8*3 

2.  losoinUoBMMei^ 
Phosphate  of  linan  •  •  M 
CariMDateoflime  •  lO-O 
Phosphate  of  ma^staia  8*4 
Peroxide  of  iron  84> 
Alumina  (a  tome) 

Loss  .         .  .         &0 

MOO 

J^ani.  qfSekmoB^  xid.  28* 

OOUCU.  'Thehe^ofBMMthideyabsttt 
18  indna  deep  on  the  niaH4kMr. 

COU2ERAN1TB.  Th«  Bodnenlsccsil 
in  rectangular  prisma.  Cekmr  ftom  gnf » 
Mack  to  indigo  bine.  Opaiyna,  butintbdr 
portions  tran^aicnt  and  brilhant  6eraiam 
by  apatite.  Noiaflbatnd  by  the  UowniM.  tt 
ia  found  m  limestone,  in  the  steep  dcflki* 
Saleix,  celled  ^  daa  Cooaetaifr" 

CREAM.  The  oUy  pari  of  wSk,  i^ 
risss  to  the  soxfiue  of  ttat  liquid,  mixed  «n 
a  littk  end  and  temw.  Whffi  chained, 
bttttsr  is  obtained.  Heat  aspan^  ^  ^ 
part,  but  laiurea  its  flavour. 

CREAM   OF   TARTAR.     8ea  AfiU> 

CRICBTONITB.  ThioBrnwalooninii 
very  small  crjfstala,  in  the  fbnn  of  acB(o<hsi»- 
boids.  It  is  perfectly  black4  opaqno,  aadd 
a  shining  lustre;  cnoa  fracture,  can^dsi, 
and  very  shining.  It  actatdMV  fli^  of  bm 
but  is  not  Tory  hard.  It  ocean  accewpanyiBg 
anatase,  and  on  rock  aystal  in  Danphioy. 

CROCUS  (SAFFRON^  TheyeBowor 
sdRon.«almind  oxides  of  ibb«  and  «pp« 
wem  fonneriy  calkd  onens  martv  n  «»• 
cna  veneris.  Thatrf  imn  iiotitt«H«d  c». 
CBS  sm^dy^byfliBWBdLaminnBlBlwhnnos 

CROCU8  METALLORUH.    fiea  Ajt- 
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CROSS4(TON£. 

midai  leolisn    Its  < 

pr*ffiTTg  Into  smoke-geey, ^., 

but  nsually  ciystaJHiaed.  Primitive  ^niHj 
double  fbur-ssM  pynmid,  of  \W^  '^ 
Bfi^der.  Its  prindpid acoondaiy  «ffn>*[^ 
a  broad  mctangulsr  flnoMided  prisgi  <"^ 
aontdy  acuminased  on  the  cxtrnnidBS  w»b  « 
planea,  which  age  act  on  the  latmsledgfjq 
pieoeding  flgme,  m  which  the  edges  An^ 


,  the  meering  of  the 
that  rest  on  the  broader  Intenl  V-^ 
tmneamd;  twinoyaMkef  ^^''^^'^^^ 

vflROCDOfl  CftCO  OOIO4  fl&  SIlCD  A  MOWa^v^  ^m^^^ 

isfeBB*^** 


the 


aogks.    ThaoipBtalsareBotltfOi-   ^^ 


CBT 
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»«fli» 


phoMtotaWfi* 
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.tvwn  Titnoas  and  parly.  Of  the  deMrag«» 
^  folu  are  oblique,  and  1  panllel  to  the  azia. 
Yiactafe  parfeet  condioidaL  TraBaluoeDt  and 
•onicimnaparent.  Haider  than  floor  apar,  bat 
not  ao  hard  aaapatttc  EaaiLy  frangible.  8p. 
It  liuea  vith  intumaaoanoe  and 
t  into  a  ccdoarlaaa  pan.  Its 
eonatitoiaita  are  49  ailica,  16  alumina,  18  ba» 
jrytca,  and  16  water,  by  Klapnith.  It  baa 
liidiflrto  been  ^Hind  ooly  in  nunend  veioa  and 
Mate  balla.  It  oeeua  at  Andraaabiirg,  in  the 
Marts;  at  Kongibcig,  in  Nonray;  at  Ober. 
«tein;  Staontian,  in  ArgylUure;  and  abo 
near  Old  Kilpatrick,  in  Scotland.    Jameion, 

CRA6SAMfiNTUM,orGRUOJa.  The 
«ioC,  or  onagiibrtpd  part  of  blood. 

CROTON  ELEUTUERIA.    Caacarilla 


The  following  ia  TrammKUnrf 'a  ana- 
lysia  of  thia  anbatanoe,  diaracteriaed  by  tta 
4aiiitling  the  amdl  of  musk  when  buned. 
^udiage  and  bitter  prindple  864  porta,  resin 
688,  volatile  matter  72,  water  48,  woody  fibtea 
ailS4 ;  in  4696  parte. 

CRUCIBLEa    See  Labobatoet. 

CRUSTS,  the  bony  coreringa  of  ceafaa, 
lobeten,  dbc.  Mr.  UatcfaettliMind  them  to  be 
couipoeed  of  a  cartiiaginoiia  anbatanoe,  like 
iwagnlatiid  albmaen,  carbonate  of  lime,  and 
pwphate  of  lime.  The  great  exeen  of  the 
— eond  above  the  thisd  ingredient  diatingoiahes 
tfaem  from  bonea;  wliile  the  quantity  of  the 
tliiid  diatingvithea  them  from  ahclls.  £gg- 
abellaaiid  iiuul  aheUa  belong  to  cniata  in  com- 
poaition ;  bat  the  animal  matter  ia  in  amaUer 
quantity.  By  MerauGtiillot,  100  paru  of 
lobatsr  craat  oonsiat  of  60  carbonate  of  lima, 
14  phoephme  of  lime»  and  26  cartilaginoua 
matter.  100  of  hen*a  agg-ahella  consist  of 
99j6  aatbaoaite  of  lime,  5.7  phoephate  of  Hme, 
dJ7  animal  matter. 

CRYOLITE.  A  mincnd  which  ooeon 
nninated,  and  in  thidc  lamellar 
Ita  eolonn  are  white  and  yeU 
lowialubroiwn.  liuatre  vitieotu,  inclining  to 
psatly.  Cleavage  fomfold,  in  whiofa  the  folia 
aae  parallal  with  an  equiangular  four^aided 
waaLaid,  Fractnre  uneven.  Tranaluoent. 
liardar  akan  gypaonu  Eoafly  frangible.  Sp. 
fr.  M6o  It  beeomea  mom  traasluceBt  in 
wator.  It  melta  in  the  heat  of  a  candle.  Be. 
tee  the  blowpipe,  it  beeoooea  first  very  liquid, 
and  then  aaaumea  a  slaggy  appearance.  It 
J  by  Klaprolh,  of  34  alumina,  86  soda, 

d.40  finorftc  add  and  water.  It  ia  therefore 
•  aada^flualB  of  alumina.  If  we  ttgEoA  it  aa 
of  de&dte   proportiana,  we  nuiy 
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Vau^pHUD'a  aiMdyiia  ef  the  atme  minnal 
givea  47  Mid  and  water,  32  soda,  and  21 
idumina.  Thia  curious  and  rare  mineial  hat 
hitherto  been  found  only  in  West  Greenland^ 
at  the  arm  of  the  sea  named  Arkaut,  30  leagnea 
from  the  colony  of  Juliana  Hope.  It  oocuxi 
in  gneiss.  Mr.  Allan  of  Edinburgh  had  the 
merit  of  recognizing  a  large  quantity  of  thia 
mineral,  in  a  neglected  heap  bioui^t  into 
Leith  from  a  captured  Daniah  vesseL  It  had 
been  collected  in  Greenland  by  that  indefiuiga- 
ble  mineralogist  M.  Gieseke. 

CRYOPHORUS.  Thefroaubeaierorcar. 
ricff^  cold,  an  elegant  instrument  invented  by 
Dr.  WoUaatoo,  to  demonstrate  the  relation 
between  evaporation  at  low  temperatures,  and 
Uie  production  of  cold.  If  32  grains  of  water, 
says  this  profound  philosopher,  were  taken  at 
the  temperature  of  62',  and  if  one  grain  of 
this  were  oonvetted  into  vapour  by  absorbing 
960^,  then  the  whole  quantity  woukl  lose 
9600 

-^  =  30^,  and  thiu  be  reduced  to  the  tem- 
perature of  32«.  If  from  the  31  grains  which 
atill  remain  in  the  state  of  water,  four  graina 
more  were  converted  into  vapour  by  absorbing 
960^,  then  the  remaining  27  grains  must  have 
lost  ^  of  960^  =  ]42«,  which  is  rather  more 
than  Ruffieient'  to  convert  the  whole  into  ice. 
In  an  experiment  conducted  upon  a  small 
scale,  the  proportional  quantity  evaporated  did 
not  differ  much  from  this  estimate. 

If  it  be  also  true  that  water,  in  assuming 
the  ganeous  state,  even  at  a  low  temperature, 
expands  to  1800  times  iu  former  bulk,  then 
in  attempting  to  freeie  the  small  quantity  of 
water  above  mentioned,  it  would  be  requisite 
to  have  a  dry  vacuum  with  the  capacity  of 
«  X  1800  =  8000  grsina  of  water.  But  let 
a  glass  tube  be  taken,  having  its  internal 
diameter  about  -^  of  an  inch,  with  a  bsU  at 
each  extremity  of  about  one  inch  diameter, 
and  let  the  tube  be  bent  to  a  right  ang^e  at 
the  distance  of  half  an  faich  ftom  each  ball. 
One  of  these  balls  should  be  somewhat  le^s 
Aan  half  fVill  of  water,  and  the  remaining 
cavity  ahould  be  aa  perfect  a  vacuum  as  can 
readily  be  obtained;  which  is  effected  by 
making  the  water  boil  briskly  in  the  one  ball, 
before  sealing  up  the  capillary  opening  left  in 
the  other.  If  the  empty  ball  be  immersed  in 
a  fteeisng  mixture  of  snow  and  salt,  the  water 
in  the  (^er  ball,  though  at  the  distance  of 
two  or  three  feet,  will  be  frozen  solid  in  the 
course  of  a  very  few  minutes.  The  vapour 
contained  in  the  empty  ball  is  condensed  by 
the  eomroon  operation  of  cold,  and  the  vacuum 
produced  by  diia  condensatkm  gives  oppor- 
tnnity  for  a  fteah  quantity  to  arise  from  the 
opposite  ball,  wi^  proportional  reduction  of 
itti  temperatnTe. 

CRYSTAL.  When  fluid  substances  are 
snflfered  to  pass  with  adequate  slowness  to  the 
aoiid  state,  the  attractive  fovcca  frequently  ar- 
nnge  dwir  ultimato  particlaa  so  as  to  fonn 
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regular  polylwdtal  %UM  or  geometiieil  Mlids, 
U  whieh  che  name  of  crystals  hat  been  ffiven. 
Most  of  the  solids  vhich  compose  the  mineral 
crast  of  the  earth  are  found  in  the  cvystallized 
state.  Thus  granite  consists  of  crystals  of 
quarts,  felspar,  and  mica.  Even  mountain 
masses  like  day-slate  have  a  regular  tabulated 
Conn.  Perfect  mobility  among  the  corpuscles 
^  is  essential  to  crystalUzation.  The  chemist 
produces  it  either  by  igneous  fusion,  or  by 
solution  in  a  liquid.  When  the  temperature 
is  slowly  lowered  in  the  former  case,  or  the 
Uqnid  slowly  abstracted  by  evaporation  in  the 
latter,  the  attractive  forces  resume  ^  ascend- 
cDcy,  and  arrange  the  particles  in  symmetrical 
forms.  Men  approximation  of  the  particles, 
however,  is  not  alone  sufficient  for  crystallizft. 
'  tion.    A  hot  saturated  saline  solution,  when 

acreened  from  sU  agitation,  will  contract  by 
cooling  into  a  volume  much  smaller  that  what 
it  occupies  in  the  solid  state,  without  crystal, 
lixing.  Hence  the  molecules  must  not  only 
be  brought  within  a  certain  limit  of  each  other, 
lor  their  concreting  into  crystals;  but  they 
must  also  change  the  dkection  of  their  poles 
ftom  the  fluid  collocation  to  their  position  in 
Ihe  solid  states 

This  reversion  of  the  poles  may  be  e^cted, 
1st,  By  contact  of  any  part  of  the  fluid  with  a 
point  of  a  solid,  of  similar  composition,  previ- 
4Nisly  formed.  2d,  Vibmtory  motions  com- 
municated, either  from  the  atmosphere  or  any 
other  moving  body,  by  deranging,  however 
slightly,  the  fluid  polar  direction,  will  instantly 
detenuine  the  solid  polar  arrangement,  when 
the  balance  had  been  rendered  nearly  even  by 
previous  removal  of  the  interstitial  fluid.  On 
this  nrinciple  we  explain  the  i^ular  flgures 
which  particles  of  dust  or  iron  assume,  when 
they  are  ^aced  on  a  vibrating  plane,  in  the 
adghbourfaood  of  electrlKd  or  magnetized 
bodies.  3d.  Negative  or  resinous  voltaic  elec- 
tricity instantly  determines  the  crystalline  ar- 
rangement, while  positive  voltaic  electricity 
ooonteracu  it  On  this  subject  I  beg  to  refer 
the  reader  to  an  experimental  paper  whidli  I 
published  in  the  fourth  vohime  of  the  Journal 
of  Science,  p.  106.  Light  also  favours  crys- 
tallization, as  is  exemplified  with  camphor 
dissolved  in  spirits,  which  oyrtallixes  in  bright 
and  redisaolves  in  gloomy  weather. 

It  might  be  imagined,  that  the  same  body 
would  always  concrete  in  the  same,  or  at  least 
in  A  similar  crystalline  form.  This  position 
is  true,  in  genend,  for  the  salts  crystallized  in 
the  laboratory ;  and  on  this  uniformity  of 
figure,  one  of  the  principal  criteria  between 
different  ^ts  depends.  But  even  these  forms 
are  liable  to  many  modifications,  from  causes 
apparently  slight ;  and  in  nature,  we  find  fro. 
quently  the  same  chemical  substance  crystal- 
lized in  forms  apparently  very  dissimilar. 
Thus,  carbonate  of  lime  assumes  the  lonn  of 
a  rhomboid,  of  a  regular  hexahedral  prism,  of 
•  iolid  icTAniiiated  by  12  scalene  angles,  or  of 


a  dodecabedvoii  with  puntayial  fMei,  Aa 
Bisulphuiet  of  boo  or  niartiarpyiites  pnduca 
sometimes  cubes  and  sometimes  teguJar  octo. 
hedrons,  at  one  time  dodecahedrons  with  peo- 
tagonal  faces,  at  another  iooaahedrona  widi  tri. 
angular  faces,  &c. 

While  one  and  the  same  sahatanoe  knds  it. 
self  to  so  many  transfomoations,  we  meet  with 
very  different  substances,  which  present  sbie. 
lutely  the  same  fonn.  Thus  fluate  of  lime^ 
muriate  of  soda,  sulphuret  of  iron,  snlphnnt 
of  lead,  &C.  crystallize  in  cubes,  under  ce- 
tain  circumstances;  and  in  other  cases,  die 
same  minerals,  aa  well  aa  sulphate  of  alomios 
and  the  diamond,  assume  the  fiotm  of  a  re- 
gular octohedron* 

Bome  de  Tlsle  first  icferved  the  study  of 
crystallization  to  principlea  conformable  to  ob- 
servation.     He  arranged  together,  as  £tf  tf 
possible,  crystals  of  the  aaxne  nature.   Among     | 
the  different  forms  relative  to  each  spedes,  be 
chose  one  as  the  anost  proper,  from  its  tim. 
plicity,  to  be  regarded  as  the  primitive  fbim; 
and  by  supposing  it   truncated  in  different 
ways,  he  deduced  the  other  forms  ftom  it,  and     j 
detennined  a  gradation,  a  series  of  tnmsitiaiB 
between  this  same  form  and  that  of  polyhe- 
drons, which  seemed  to  be  still  farther  removed     j 
£R>mit.    To  the  descripiiaDS  and  figures  whidi 
he  gave  of  the  crystalline  fbcms,  he  added  die 
results  of  the  mechanical  measurement  a(  that     j 
principal  angles,  and  showed  that  these  angki 
Wi.re  constant  in  each  variety. 

The  iUustriooa  Bergmann,  by  cndeavooring 
to  penetrate  to  the  mechanism  of  the  struc- 
ture of  ciystals,  considered  the  different  fonni 
relative  to  one  and  the  same  substance  si 
produced  by  a  superposition  of  planes,  some, 
tfanea  constant  and  sometimes  variably  and 
decreasing  around  one  and  the  same  pri- 
mitive form.  He  applied  this  primary  idea 
to  a  small  number  of  crystalline  forma,  and 
verified  it  with  respect  to  a  variety  of  ttkare- 
oua  spar  thy  fractures,  i^ch  enabled  him  to 
ascertain  the  position  of  the  nucleus,  <*  ^** 
primitive  form,  and  the  suoeessive  order  of  thi 
lamina  covering  this  nudens.  BergmsM, 
however,  stopp^  here,  and  did  not  trouWe 
himself  eitiier  with  determining  die  lavs  of 
sttuctnre,  or  appljring  caloulation  to  it*  ^^ 
was  a  simple  sketch  of  the  most  ptfKo^t 
point  of  view  in  mineralogy,  but  in  which  we 
see  the  hand  of  tliesame  maater  who  so  suooeis- 
fully  filled  up  the  outlinea  of  chemistiy- 

In  the  researches  which  M.  Haiiy  uoder- 
took,  about  the  same  period,  on  the  structure  of 
cryitals,  he  proposed  combining  the  fofin  en* 
dimensions  of  integrant  molecules  widi  iiini» 
and  regular  laws  of  arrangement,  and  sub- 
mitting these  laws  to  calcuktion.  This  work 
produced  a  mathematical  theory,  whidi  he 
reduced  to  analytical  formuls,  repiewotiog 

iThni»wbaxhwheenaned  dmideeoiAoih 
but  which  M.  Haiiy  calls  meUuUUk. 
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every  ponible  case,  and  the  appiKcation  of  iHiidi 
to  known  fonns  leads  to  Taluations  of  angles, 
eonatantljr  agreeing  with  observation. 

Theory  afihe  Structure  qfCryttals. 

Primitive  fimu.^The  idea  of  referring  to 
one  of  the  same  primitive  forms,  all  the  forms 
which  may  be  assamed  by  a  mineral  substance, 
of  which  the  rest  may  be  regarded  as  being 
modifications  only,  has  frequently  suggested 
itaelf  to  various  philosophers,  who  have  made 
cfystallograpfay  their  study. 

The  mechanical  division  of  minerals,  which 
is  the  only  method  of  ascertaining  their  true 
primitive  form,  proves  that  this  form  is  inva- 
riable while  we  operate  upon  the  same  sub- 
Btanoe,  however  diversified  or  dissimilar  the 
forms  of  the  crystals  belonging  to  this  sub* 
stance  nsay  be.  Two  or  three  examples  will 
serve  to  place  this  truth  in  its  proper  light. 

Take  a  regular  hexahedral  prism  of  carbo- 
nate  of  Ihne  (PI.  viii.  figs.  1.  and  2).  If  we 
try  to  divide  it  parallel  to  the  edges,  from  the 
contours  of  the  bases,  we  shall  find,  that  three 
of  these  edges  taken  alternately  in  the  upper 
part,  for  instance,  the  edges  Ific  d,bm^  may 
be  refened  to  diis  division :  and  in  order  to 
succeed  in  the  same  way  with  respect  to  the 
inferior  base,  we  must  choose  not  the  edges, 
tf^  &  d\  h*m\  which  correspond  with  the 
preceding,  but  the  intermediate  edges  <f /', 
V  e\Vm\ 

The  six  sections  will  uncover  an  equal  num. 
ber  of  trapeziums.  Three  of  the  latter  are  re- 
presented upon  fig.  2.  viz.  the  two  which  in- 
tercept the  edges,  //  c  rf,  and  are  designated 
by p poo,  aakk^  and  that  which  intercepts 
the  lower  edge  dff^  and  which  is  marked  by 
the  letters  fiicl  i. 

Bach  of  these  trapeshims  will  have  a  histre 
and  polish,  from  which  we  may  easily  ascer- 
tain, that  it  cdnddes  with  one  of  the  natural 
jomts  of  which  the  prism  is  the  assemblage. 
We  diall  attempt  in  vain  to  divide  the  prism 
in  any  odier  direction.  But  if  we  continue  the 
division  psnilel  to  the  6rst  sections,  it  will 
happen,  Siat  on  one  hand  the  surfaces  of  the 
bases  will  always  become  narrower,  while,  on 
itte  other  hand,  the  altitudes  of  the  lateral 
planes  will  decrease ;  and  at  the  term  at  which 
the  bases  have  disappeared,  the  prism  will  he 
changed  into  a  dodecahedrofi  (fig.  3.)  with 
pentagonal  faces,  six  of  which,  such  as  o  o  t  (>  f, 
c  I  Xrl  i,  ftc.  win  be  the  residues  of  the  planes 
of  Ae_prism  ;  and  the  six  others  E  A  I  oo, 
O  A'  K  ti,  &C.  win  be  the  immediate  remit 
of  the  mechanical  division. 

Beyond  this  same  term,  the  extreme  feces 
win  preserve  their  figure  and  dimensions, 
whne  the  lateral  ftces  wiU  incessantly  dimi- 
nish  fai  height,  until  the  pmnts  d,  k,  of  the 
pentsgon  olkii,  coming  to  be  confounded 
with  Sie  points  iii  and  so  on  ?rith  the  other 


pofaits  simUarly  situated,  each  pentagon  wiU 
be  reduced  to  a  shnple  triangle,  as  we  see  in 
fig-  4.* 

lisstly,  when  new  sections  have  ohfiterated 
these  triangles,  so  that  no  vestige  of  the  surface 
of  the  prism  remains  (fig.  I),  we  shall  have 
the  nucleus  or  the  primitive  form,  which  wiU 
be  an  obtuse  rhomboid  (fig.  5.),  the  grand 
angle  of  which  £AIor£Ol,  is  101*  32'       ' 

13"t. 

If  we  try  to  divide  a  crystal  of  another 
species,  we  shaU  have  a  different  nucleus.  For 
instance,  a  cut>e  of  fiuate  of  Ume  wffl  give  a 
regular  octohedron,  which  we  succeed  in  ex- 
tracting by  dividing  the  cube  upon  its  eight 
solid  angles,  whidi  wiU  in  the  first  nlaos 
discover  eight  equilateral  triangles,  and  we 
may  pursue  the  division,  always  paralld  to  ^ 

the  first  sections,  until  nothing  more  remains 
of  the  faces  of  the  cube.  The  nudeus  of  the 
crystals  of  sulphate  of  barytes  wifl  be  a  straight 
prism  with  rhombous  bases;  that  of  the 
crystals  of  phosphate  of  lime,  a  regular  hex- 
ahedral  pnsm ;  that  of  sulphuretted  lead,  a 
cube,  &c. ;  and  each  of  these  ibrms  will  be 
constant,  relative  to  the  entire  spedes,  in  audi 
a  manner,  that  its  angles  wUl  not  undergo  any 
appredable  variation. 

Having  adopted  the  word  primUive  form 
in  order  to  dengnate  the  nudeus  of  crystals, 
M.  Hatty  caUs  secondary  firms,  such  varieties 
as  difl^er  from  the  primitive  form. 

In  certain  species,  crystallization  also  pro- 
duces this  last  form  immediatdy. 

We  may  define  the  primitive  form,  a  solid 
cf  a  constant  form,  engaged  symmetrically 
in  all  the  crystals  of  one  and  the  same 
spedes,  and  the  facss  of  which  fbllow  the 
directions  of  the  faiminse  which  form  these 
crystals. 

The  primitive  forms  hitherto  observed  are 
reduced  to  six,  viz.  the  paraUdopipedon,  the 
octohedron,  the  tetrahedron,  the  regular  hex- 
ahedral  prism,  the  dodecahedron  with  vhom- 
bous  planes  dl  equal  and  similar,  and  the 
dodecahedron  with  triangular  planes,  com- 
posed of  two  straight  pyramids  jofaied  b«e 
to  base. 

•  The  points  which  are  confbunded,  two  and 
two,  upon  this  figure,  are  each  marked  with 
the  two  letters  which  served  to  designate  them 
when  they  were  separated,  as  in  fig.  3. 

t  It  is  observed,  that  each  trapezium,  such 
mppoo  (fig.  2.),  uncovered  by  the  first  sec- 
tions, is  very  sensibly  indined  from  the  same 
qnantity,  cs  well  upon  the  residue  ppdebm 
of  the  base,  as  upon  the  residue  o  of'  P  of  the 
adjacent  plane.  Setting  out  fVom  this  equality 
of  inclinatioos,  we  deduce  from  it  by  calcula- 
tion, the  value  of  the  angles  with  the  prednon 
of  mfaiutea  and  seconds,  which  mechanical 
measurements  are  not  capable  of  attaining.  ^ 
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Farmi  of  intigrant  MolecukMj^The  nu- 
deus  of  a  cryvul  is  not  the  last  term  of  its 
mechanical  division.  It  may  always  be  sub* 
divided  panJlel  to  its  different  faces,  and 
sometimes  in  other  directions  also.  The  whole 
of  the  surrounding  substance  is  capable  of 
being  divided  by  strokes  parallel  to  those 
which  take  place  with  respect  to  the  primitive 
form. 

If  the  nucleus  be  a  psralldopipedon,  whidi 
cannot  be  subdivided  except  by  blows  parallel 
to  its  faces,  like  that  which  takes  place  with 
respect  to  carbonated  lime,  it  is  evident  that 
the  ini^ram  molecule  will  be  similar  to  this 
inncleus  itself. 

But  it  may  happen  that  the  parallelopipedon 
admits  of  further  sections  in  other  directions 
than  the  former. 

We  may  reduce  the  forms  of  the  integrant 
molecules  of  all  crystals  to  three,  which  are, 
the  tetrohedon,  or  the  simplest  of  the  pyra- 
mids ;  (he  tiiangular  prism,  or  the  simplest 
of  all  the  prisms ;  ana  the  parallelopipedon^ 
or  the  simplest  among  the  solids,  which  have 
their  faces  parallel  two  and  two.  And  since 
lour  planes  at  least  are  necessary  for  drcum- 
soribiog  a  space,  it  is  evident  that  the  three 
forms  in  question,  in  which  the  number  of 
faces  is  succesaivdy  four,  five,  and  six,  have 
stfll,  in  this  respect,  the  greatest  possible 
simplidty. 

Lavt  to  which  the  Structure  it  eulyeeted. — 
After  having  determined  the  primitive  fonns, 
and  those  of  the  integrant  molecules,  it  remains 
to  inquire  into  the  laws  pursued  by  these 
molecules  in  their  arrangement,  in  order  to 
produce  those  regular  kinds  of  envdopes, 
which  disguise  one  and  the  same  primitive 
form  in  so  many  different  ways. 

Now,  observation  shows,  that  this  surrounds 
log  matter  is  an  assemblage  of  laminse,  which, 
setting  out  from  the  primitive  form,  decrease 
in  extent,  both  on  all  sides  at  once,  and  some- 
times in  certain  particular  parts  only.  This 
decrement  is  effected  hj  regular  subtractions 
of  one  or  more  rows  of  integrant  molecules ; 
and  the  theory,  in  determining  the  number  of 
these  rows  by  means  of  calculstion,  succeeds 
in  representing  all  the  known  results  dT  crys-' 
tallization,  and  even  antidpaies  future  disco- 
veries^  indicating  forms  which,  being  still 
hypothetical  only,  may  one  day  be  presented 
to  the  inquiries  of  the  philosopher. 

Decrements  on  the  Edget. — Let  etf  (fig.  6. 
pL  viii.)  be  a  dodecahedron  with  rhombic 
planes.  This  solid,  which  is  one  of  the  six 
primitiye  fonns  of  crystals,  also  presents  itadf 
occaaiooally  as  a  secondary  form,  and  in  this 
case  it  has,  as  a  nudeus,  sometimes  a  cube 
and  sometimes  an  octohedron.  Supposing  the 
nudeus  to  be  a  cube  :•— 

In  Older  to  extract  this  nudeus,  it  is  sufifi- 
etent  suooesaivdy  to  remove  the  six  solid 
angles  conoposed  of  four  planes,  such  as  «,  r,  <, 


Ac  by  sectiomadiapcedtothediiMliQBaflte 
small  diagonals.  These  aectioDa  wSl  diiplav 
as  many  squares  AEOI,  EOCVE',  lO 
O'  F  (fig.  70>  &&  which  will  be  the  frees  oi 
the  cube. 

Let  us  conceive  that  each  of  theae  fines  m 
subjected  to  a  series  of  decreasing  laounB 
solely  composed  of  cubic  molecales,  and  ^tmt 
every  one  of  these  laminsB  exceeds  the  sue* 
ceeding  one,  towards  its  four  edges*  by  m 
quantity  equal  to  one  course  of  these  same 
molecules*  Afterwards  we  shaU  designate  the 
decreasing  Umiinse  which  envelope  the  nndeo^ 
by  the  name  of  Uminee  qfsuperpoeition,  tiowy 
it  is  easy  to  oonodve  that  the  difiennt  eerie* 
will  produce  six  quadrangular  pyranuda,  a^ 
milar  in  some  respects  to  the  quadrsngolaff 
steps  of  a  column,  which  will  rest  en  the 
faces  of  the  cube.  Three  of  these  pymmids 
4re  represented  in  fig.  8.  and  have  thdr  wuar 
mits  in  «,  I,  r'. 

Now,  as  there  are  dx  quadrangular  pym- 
mids, we  shall  therefore  have  twcDty^fisa 
triangles,  such  as,  O  « If  0< I,  &c  But  be- 
cause the  decrement  is  uniform  ftom  #  to  <, 
and  so  on  with  the  rest ;  the  trian^ks  taken 
two  and  two  are  on  a  levd,  and  form  a  dumb 
tOtl.  The  surface  of  the  solid  win  then- 
fore  be  composed  of  twdve  equal  and  similar 
rhombs ;  i.  e.  this  solid  will  have  the  aeme 
form  with  that  which  is  the  subject  of  the 
problem.  This  structure  takes  place,  sltfaoag^ 
imperfectly,  with  respect  to  the  crystals  cslled 
boracie  spars. 

The  dodecahedron  now  under  *wn«iii«.^fi^T» 
is  represented  by  fig.  8.  in  sueh  a  way  that  the 
progress  of  the  decrement  mar  be  pcndved  by 
the  eye.  On  examining  the  %ure  attentively^ 
we  shall  find  that  it  has  been  traced  on  the 
supposition,  that  the  cubic  nudeus  haa  on  each 
of  ita  edges  17  ridges  of  mdecules ;  whence  it 
follows,  that  each  of  its  faces  is  oompoaed  of 
289  facets  of  nxdecoles,  snd  that  the  whole 
solid  is  equal  to  4813  radecoles.  On  thin 
hypothesis,  there  are  eight  lamins  of  supee^ 
position,  the  last  of  wluch  ia  xadnced  to  n 
umple  cube,  whose  edges  determine  the  ttni»- 
hers  of  molecules  whidi  form  the  series  15, 
13,  11,  8, 7,  6,  3,  1,  the  diffisreooe  bemg  2^ 
because  there  is  one  course  subtncted  nana 
each  extremity. 

Now,  if  instead  of  this  ooaise  kind  of  ma- 
sonry, whidi  haa  the  advantage  of  qpcakmg  to 
the  eye,  we  substitute  in  onr  imi^natimi  the 
infinitdy  delicate  ardiitecture  of  nsture,  we 
must  ooncdve  the  nudeus  as  bong  composed 
of  an  incomparably  greater  number  of  impsr. 
oeptible  cubes.  In  this  case,  the  number  of 
lamina  of  saperpositwn  will  also  be  be- 
yond comparison  greater  than  on  the  pre-. 
ceding  hvpothesis.  By  a  neeessary  eoDse- 
quence,  the  furrows  which  form  these  laauoai 
by  the  alternate  pr(>jecting  and  re-entering  of 
their  edges,  will  not  be  cognisahle  by  <mt 
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MDaati  «Ml  ddi  u  wlnt  takn  i»lMe  in  the 
poljfadn  irtiich  cryiflKwHon  hat  pcodueed 
mtUimBe,  wtthoat  btiag  disturbed  in  its  pr»- 


Jtf .  Hatty  calls  decrement*  in  hreadth^  those 
Inivfaidi  SMh  Ymxxodm  has  only  the  hdghtof  a 
molseiils;  so  dial  their  vhole  effect,  by  one 
two,  thiec,  ftA  oonnea,  is  in  the  wmy  ef 
Inrendth.  DeenmaOa  im  height  are  those  in 
wludi  oadi  lamina^  exeeedingonly  (he  follow. 
ing  one  bya  single  ooune  in  the  direction  «f 
tli«  toeadtli,  inay  baTe  a  height  douUe,  triple, 
^fomiampk^  Ac.  to  that  of  a  molecnlc  ;  this  is 
czpieased  by  saying  that  the  decrement  takss 
^•ee  bytiro  oounes,  three  courses,  &e.  in 

Tie  liriit  which  the  theory  of  definite  pro- 
pmrtiBua  naa  thn»wn  open  chemistry,  the 
uedmnieal  views  by  which  Ae  atomic  phi- 
kMophy  aoDODDts  for  fixed  proportBons,  the  use 
wfaicfa  has  been  made  of  these  yiews  to  lepro- 
•tnt  bodies  consposed  of  a  determinate  nnmber 
•f  atoms,  engaged  M.  Mitsehcrlich  to  examine 
-tke  following  mobkrast  Difikent  dements 
beii^  comblnea  with  the  same  number  of 
atoms  «f  one  element,  or  ofsevcnd  difierent 
elenents^  have  they  the  same  cryatallineybnif  t 
ts  the  identity  of  the  crystalline  form  deter- 
niiMd  only  by  the  mtnAer  of  atoms  ?  Is 
thia  fonn  independflDt  of  tbechmioalaatare 
ef  the  dements^ 

The  trials  whidi  he  has  made,  appear  to 
him  to  demonstrate  that  certain  difieieDt' 
dements,  combined  with  the  same  number  of 
SDe  «riMr  levenl  dements,  aflfeet  the  same 
ciffBlalliBe  focn;  and  that  diemieal  dements 
hi  gsMBal  may  in  this  resnect  be  dassed 
in  ffovpa.  He  gives  theepiUiett«om<»7AMir 
to  ttMMe  dements  whicfa  belong  to  the  same 
gm^  in  Older  to  expness  tliis  quality  of  the 
cloDoents  by  a  teehniol  tenn.  Thus,  evenr 
■rseniata,  he  says,  has  a  phosphate,  which 
cesiesponds  to  it,  composed  according  to  the 
same  proportionB,  combined  with  the  same 
atoms  of  water  of  crystallixstion,  and  which 

•  at  te  same  time  has  the  same  frfiysical  qus. 

•  lities.  In  a  word,  the  two  series  of  salts  with 
die  phosphoroiis  and  phosphoric,  anenious 
end  anenic  adds,  differ  in  no  respect,  except 
Aat  the  radical  of  the  add  of  one  series  is 
pbmpborus,  and  of  the  other  is  arsenic 

The  eondosion  at  which  be  arrives*  is :  The 
«ne  Bomber  of  atoms  condHned  in  the  same 
-  maner  prodnees  the  same  crystalline  fonn ; 
aad  the  same  crystalline  ibnn  is  independent 
ef  the  chemical  nature  of  the  atoms,  being  do- 
teimined  only  by  their  number  and  relative 
podtion.    Aim.ieChim.etFhy9.jibL,^50. 

Mr.  Brooke,  after  nrgiug  several  strong  ob- 
Jeedons  against  die  theory  advanced  by  M. 
Milaebcdid^  says,  that  he  is  informed  the 
sothor  has  lately  abandoned  it,  which  however 
tbe»  ii  good  reason  to  doubt 

We  an  indebted  to  Dk  Woflaston  for  ideas 
en  did  fiiUmaU  cause  of  crystalline  fonass. 


equally  ingenious  and  pnfonnd.  They  wen 
communicated  to  the  Royal  Society,  and  pub- 
lished in  their  transactions  for  the  year  1813. 

Among  the  known  forms  of  crystallised 
bodies,  there  is  no  one  common  to  a  greater 
number  of  substances  than  the  regular  octo- 
hedron,  and  no  one  In  whidi  a  corresponding 
difficulty  has  occurred  with  regard  to  deter- 
mining which  modification  of  its  form  is  to  be 
considered  as  primitive;  since  in  all  these 
substances  the  tetrahedron  appears  to  have 
-equal  daim  to  be  received  as  the  original 
mKn  which  all  their  other  modifications  are 
to  be  derived. 

The  relation  of  these  solids  to  each  other  is 
most  distinctly  exhibited  to  those  who  are 
not  much  conversant  with  crystallography,  by 
assuming  the  tetrahedron  as  primitive,  for 
this  may  immediatdy  be  converted  into  an 
octohedron  by  the  removal  of  four  smaller 
tetrahedrons  mxn  its  solid  angles.    Plate  ix.  | 

fig.l.  ^ 

The  substance  which  most  readily  admits  of 
diviyon  by  fracture  into  these  forms,  is  fiuor 
spar ;  and  there  is  no  difiiculty  in  obtaining  a 
suffident  quantity  for  such  experiments.  But 
it  is  not,  in  fact,  either  the  tetrahedron  or  the 
octohedron,  which  first  presents  itsdf  as  the  ap- 
parent primitive  form  obtained  by  fracture^ 

If  we  form  a  plate  of  uniform  thickness  by 
two  successive  divisions  of  the  spar,  paralld  to  ^ 
each  other,  we  shall  find  the  ^ate  divisible  \ 
into  prismatic  rods,  the  section  of  which  is  a 
rhomb  of  70*  32'  and  109"  2W  nearly :  and  if 
we  again  split  these  rods  transvendy,  we  shall 
obtain  a  number  of  regular  acute  rhomboids, 
all  similar  to  each  other,  faavii^  their  super- 
fidal  angles  60«  and  120«,  and  presenting  an 
appearance  of  primitive  mdecnles,  from  which 
ail  the  other  modifications  of  such  crystals 
might  very  simply  be  derived.  And  we  find, 
moreover,  that  the  whole  mass  of  fiuor  might 
be  divided  into,  and  conceived  to  consist  of, 
these  acute  rhomboids  alone,  which  may  be 
put  together  so  as  to  fit  each  other  without  any 
intervening  vacuity. 

But,  shice  the  solid  thus  obtabied  (as  repre- 
sented fig-  2.)  may  be  again  split  by  natural 
Iractares  at  right  angles  to  its  axis  (fiff.  3),  so 
that  a  regular  tetrahedron  may  be  dietadied 
fiom  each  extremity,  while  the  remaining  por- 
tion assumes  the  form  of  a  regular  odohcdnm ; 
and  since  every  rhomboid  that  can  be  obtained 
must  admit  of  the  same  division  into  one  octo- 
hedron and  two  tetrshedrons,  the  rhomboid  eaa 
no  longer  be  regarded  as  the  primidve  form  } 
and  since  the  parts  into  which  it  is  divisiUe 
are  diahnilar,  we  are  left  in.donbt  which  of 
them  is  to  baTe  precedence  as  primitive. 

In  the  examination  of  this  question,  whether 
we  adopt  the  octohedron  or  the  tetrshedron  as 
the  primidve  form,  since  ndthcr  of  them  can 
fill  space  without  leavmg  vacuities,  diere  is  a 
difficulty  in  opncdving  any  arrangement  in 
which  the  pactidss  wiU  remain  at  rest :  for» 
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whether  we  tumie,  with  the  Ahbi  Hatty, 
that  the  particles  are  tetiahedxal  with  octohe. 
dral  cavidea,  or,  on  the  contruv,  octohedral 
iwrticles  regularly  aixanged  with  tetxahedzal 
cavities,  in  each  case  the  mutual  contact  of 
adjacent  particles  is  only  at  their  edges ;  and 
although  in  such  an  axxaDgement  it  must  be 
admitted  that  there  may  be  an  equilibrium,  it 
is  evidently  unsuble,  and  ill  adapted  to  foim 
the  basis  of  any  permanent  crystal. 

With  respect  to  fluor  spar,  and  such  otha 
substances  as  assume  the  octohediml  and  tetra- 
hedral  forms,  all  difficulty  is  removed,  says 
Dr.  Wollaston,  by  suppoamg  the  elemcntaiy 
particles  to  be  perfect  spheres,  which,  by  mu- 
tual  attraction,  have  assumed  that  arrange- 
ment which  brings  them  aa  near  to  each  o&r 
as  possible. 

The  relative  position  of  any  nnmba  of  equal 
balls  in  the  same  plane,  when  gently  pressed 
together,  forming  equilateral  triangles  with 
each  other  (as  represented  perspectively  in 
fig.  4X  is  familiar  to  every  one ;  and  it  is  evi* 
dent  tliat,  if  balls  so  placed  were  cemented  to- 
gether, and  the  stratum  thus  formed  wens 
afterwards  broken,  the  straight  lina  hi  which 
they  would  be  disposed  to  separate  would  form 
.  ao^  of  600  with  eachother. 

If  a  single  ball  were  placed  any  where  at  rest 
upon  the  preceding  stnttum,  it  is  evident  that 
w  it  would  be  in  contact  with  three  of  the  lower 
/  balls  (as  in  fig.  6.),  and  that  the  lines  joining 
Che  centres  oi  four  bells  so  in  contact,  or  the 
planes  touching  then:  sur&ces,  would  include  a 
regular  tetrahedron,  having  all  its  eqnilatersl 
triangles. 

The  construction  of  an  octohedron,  by  means 
of  spheres  alone,  is  as  simple  as  that  of  the 
tetrahedron.  For,  if  four  balls  be  placed  in 
contact  on  the  same  plane,  in  form  of  a  square, 
then  a  single  ball  resting  upon  them  in  the 
centre,  being  in  contact  with  each  pair  of  balls, 
will  present  a  triangular  fiice  rising  from  each 
side  of  the  square,  and  the  whole  together  wiU 
represent  the  superior  -apex  of  an  octt^iedion  | 
so  that  a  sixth  ball  similarly  placed  underneath 
the  square  will  complete  the  octohedral  groups 
ir^.  6. 

shoe  is  one  observation  with  regard  to  these 
fo.-T38  that  will  appear  paradoxical,  namely, 
tnat  a  structuze,  which  in  this  case  waa 
b^-gun  upon  a  square  foundation,  la  really 
i  .innsicjlly  the  same  aa  that  which  is  begun 
up^n  the  triangular  basis.  But  if  we  lay  the 
octohedral  group,  which  consists  of  six  balls, 
on  one  of  its  triangular  sides,  and,  consequently, 
with  an  opposite  triangular  iace  uppermost, 
the  two  groups,  consisting  of  three  balls  each, 
are  then  situated  precisely  as  they  would  be 
found  in  two  adjacent  strata  of  the  triangular 
arrangement.  Hence,  in  this  position,  we  may 
readily  convert  the  octohedron  into  a  regular 
tetrahedron,  by  addition  of  four  mora  balls 
(fig  ?•)•  One  placed  on  the  top  of  the  three 
that  are  uppermost  forma  the  apex ;  and  if  the 


triangular  baae,  on  wliidi  it  NMa,  ba  c^^, 
hy  aoditiiHi  of  three  more  bafls,  ngnlaily  i 
posed  around  it,  the  entire  gmup  of  ton  balls 
will  then  be  found  to  represent  a  regolarlaics- 
hedron. 

For  the  purpose  of  leptesenQng  tfao  aoile 
rhomboid,  two  balls  must  be  applied  at  o|nwito 
sides  of  the  smallest  octohedral  gnmp,  aa  kk 
fig.  9.  And  if  a  greater  number  of  boBa  be 
nlaced  together,  fig.  10.  and  11.  in  the  aane 
lorm,  thai  a  comj^ete  tetrahedrsl  group  maf 
be  removed  fiwm  eadi  extrsmitj,  leavtag  me 
traloctohedron,asmaybeaeeninfig»ILi  ~ 
oonespondsto  fig.  8. 

We  have  seen,  that»  by  doe  upp^BBOim  of 
spheres  to  each  other,  sJl  the  moat  simpio 
fonns  of  one  spedes  of  cryatal  will  be  pro. 
duced,  and  it  is  needless  to  punue  any  otfaor 
modificatioiiB  of  the  same  fonn,  which  mast 
result  from  a  aeiies  of  dflCRmenta  prodMeed 
according  to  known  lava. 

Since  then  the  simpleat  anangement  «f  cl» 
most  simple  solid  that  can  be  imagined  aiSirds 
so  complete  a  soliitloii  of  one  of  dbe  moat  ^L 
ficult  auestiona  in  ayBtdlogEBi^yi  we  aaa 
naturally  led  to  inquire  what  miia  wmM 
probably  occur  from  the  unioQ  of  otfao  aoUda 
most  nearly  allied  to  the  sphem  And  it  will 
appear,  that  by  the  suppontioQ  of  dcoMBtaiy 
particles  that  are  spbecoidical,  we  may  IwDBa 
conjectures  aa  to  the  oiighi  of  other  angular 
solids  well  known  to  cryalaUoi^nphflB. 

The  obiute  Ekomboid, 
If  we  suppose  tha  axis  of  our  < 
sphenud  to  be  its  shortest  (" 
of  solids  will  be  formed  whidi  are  i 
in  crystallography.  It  ba 
above*  that  by  the  natonl  gnmniDg  of  spho* 
rical  partides,  fig.  10.  one  resulting  aolid  is 
an  acute  ifaomb^  similar  to  tfaatof  fig.  SL 
having  osrtain  deteoninate  aaglss,  and  ita 
greatest  dimension  in  the  direcCkm  of  ita  ans. 
Now,  if  othm  partides  having  the  same  ida- 
tive  anangement  be  supposai  to  ham  thafonn 
of  oblate  Ceroids,  the  resulting  aotid,  fi^  18. 
will  still  be  a  reankr  rhomboid;  butthemea. 
iuies  of  its  angiba  will  be  difiigrent  from  those 
of  the  former,  and  wiU  be  more  or  ksa  obtuse 
acooiding  to  the  degree  of  oUatcoeia  of  tho 
primitiva  spheroid. 

It  is  at  least  poniUe  that  carbonato  of  lima 
and  other  substances,  of  which  the  fbrms  aio 
derived  from  rqpular  rhomboids  as  their  pi- 
mitive  form,  may,  in  fiwt,  consiat  of  ohlaie 
spheroids  as  elementary  partiflfs. 

Hexagonal  PriiMi' 
If  our  elementary  spheroid  be  on  the  con- 
trsry  oblong,  instead  of  oblate,  it  is  evideat 
that,  by  mutusl  attracCkm,  their  centres  wfil 
approach  nearest  to  each  other  when  their  aica 
are  parallel,  and  their  shortest  diameters  in  the 
same  plane  (fig  13).  The  manifest  conse- 
quence of  this  structure  would  be,  tbajt  a  solid 
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Ulte  lUhk  to  ipllt  into  plirtBi 
at  li^t  ta^  to  tlio  axM,  sod  the  pktcf 
would  divide  into  prisma  ef  thiee  or  dz  aidM 
widi  ail  thcb  aii^ce  equal,  aa  ocean  In  pho^ 
phate  of  lime,  boyl,  die. 

It  may  fiurther  be  obaenred,  that  the  pro- 
poatloB  of  the  heigfat  to  the  base  of  andi  a 
ptiam  m«8(  depend  on  the  ratio  between  the 
axon  of  the  elemmtaiy  apbeioid. 

The  Cube, 

Itdt  a  maaa  of  matter  be  anppoaed  to  oonaiat 
of  spherical  particle>  att  of  the  same  lize,  but 
of  two  difSoent  kindi  in  equal  numbera,  lepie- 
aemed  by  black  and  white  ballet  and  let  it 
be  requiied  that,  in  their  perfiect  intermixture, 
every  Uaek  ball  shall  be  equally  distant  finm 
all  Bommnding  white  balla,  and  that  all  adia. 
cent  balls  of  the  same  denomination  shaU  um 
be  equidiitaat  from  each  other.  The  doctor 
ihowa,  thai  these  conditiona  will  be  fuldlled  if 
the  anaogemcntbe  eublcai,  and  that  the  par- 
tides  will  be  Mc^vOiMo.  Fig.  14.  rnnesents 
a  cube  ao  oonstitated  of  balls,  altematehr  hiaek 
and  white  thioug^t.  The  four  blatdL  baUa 
are  all  In  riew.  The  diMances  of  their  oentrea 
being  every  way  a  superficial  diagonal  of  the 
cube,  they  are  equidiataot,  and  thdr  coniigunu 
presents  a  regular  tetrahedroii ;  and  the 
^  the  relative  rituation  of  the  four  white 
The  distances  of  dissimilar  a4jacent 
balls  are  likewise  evidently  equal ;  so  that  the 
eonditions  of  their  union  are  complete,  as£»as 
appears  in  the  small  group  i  ana  this  is  a  cor- 
SBct  representative  of  the  entire  mass,  that 
weald  be  composed  of  equal  and  similar  cubes. 

Tbsrs  reroaina  one  observation  with  regard 
to  the  spherical  finm  of  elementary  particles, 
iriiethcr  actnal  or  virtual,  that  must  be  regard, 
ed  as  favourable  to  the  foregoing  hypotheaia, 
namely,  that  many  of  those  substances  whidi 
we  have  moat  rsaaca  to  think  simple  bodies,  as 
among  the  daaa  of  metals,  exhibit  this  further 
cridcnce  of  their  simple  nature,  that  they  crys- 
tsUiae  In  the  octohedral  form  as  they  would 
do  if  their  particles  were  spherical. 
Bat  it  must,  on  the  contrary,  be  acknowledged 
that  we  can  at  preaent  assign  no  reason  why 
the  same  appearance  of  simplicity  should  take 
plaoe  in  floor  apar,  which  ia  presumed  to  con* 
tain  at  leaat  two  elemenu ;  and  it  is  evident, 
that  any  attempts  to  trace  a  general  oorre- 
spendwiee  between  the  crystaUographical  and 
sapposed  cheoiiGal  elements  of  bodies*  must,  in 
the  pnsent  state  of  these  sden^es,  be  premature. 

Any  sphere  when  not  compiessed  will  be  sur- 
roonded  by  twelve  others,  and,  consequently  by 
a  slif^td^fee  of  compresskm,  will  be  convert, 
ed  into  a  dodecahedron,  aceordiog  to  the  most 
probaWr  hypothesis  of  umple  compression. 


Tile  fastnment  ftr  mfwiiring  the  angUi  of 
crystals  is  called  agomometcr,  of  which  them 
aretwo  kinda.  1.  Tlie  goniometer  of  M.  Ga» 
rangeau,  uaed  by  AI.  Haiiy.  consists  of  two  pa- 
xalld  blades,  jointed  like  those  of  sclssars,  and 
aqjable  of  bring  applied  to  a  graduated  semi- 
circular  sector,  wmrii  gives  the  aa^  to  which 
the  joint  is  opened,  in  consequence  of  the  pre- 
vious apporitum  of  the  two  blades  to  the  angle 
of  the  crystal  8.  The  reflective  goniometer 
of  Dr.  Wollaston ;  an  admirable  invention, 
which  measores  the  angles  of  the  minutest  pos- 
sible crystals  with  the  utmost  precision.  An 
account  of  this  beautiful  instrument  may  be 
found  in  the  Phil.  Trans,  for  1809,  and  hi 
Tilloch's  Magarine  for  February  1810,  voL 
86.  Mr.  William  Phfllipe  published,  in  the 
2d  volume  of  the  Geological  Transactiona,  an 
elaborate  series  of  measurements  with  this 
goniometer.  A  strikinff  example  of  the  power 
of  this  instrument  in  detecting  the  minutest 
foims  with  precision  was  aflforded  by  its  appU. 
catkm  to  a  crystalline  jet-black  sud,  iniich 
Dc.  Clark  got  fWnn  the  island  Jean  Mayen, 
in  the  Greenland  seas.  ^  Having  therefore,*' 
says  Dr.  Clarke,  ''selected  a  crystal  of  this 
fonn,  but  so  exceedingly  minute  as  scarcely  to 
be  diBcemible  to  the  naked  ^e,  I  fixed  it  upon 
the  moveable  plane  of  Dr.  Wollaaton*8  reflect- 
ing goniometer.  A  double  image  was  reflected 
by  one  of  the  planes  of  the  crystid,  but  the  image 
reflected  by  the  contiguous  plane  was  clair 
and  perfectly  perceptible,  by  which  I  was 
enabled  to  messure  the  angle  of  inclination; 
and  after  repeadng  the  observation  several 
times,  I  found  it  to  equal  92«  or  92^.  Henoe 
it  is  evident  that  these  crystals  are  not  zircons, 
idthongh  they  possess  a  Odgne  of  lustre  quite 
equal  to  that  of  rirooo.  In  this  uncertainty, 
I  sent  a  small  portion  of  the  sand  to  Dr.  WoL 
laston,  and  requested  that  he  would  himself 
measure  the  angle  of  the  particles  exhibiting 

rident  surfaces.  Dr.  Wollaston  pronounced 
substance  to  be  pyroxene;  having  aa 
angle,  according  to  his  observation,  of  92}*. 
He  also  informed  me  that  the  sand  was  umi- 
lar  to  that  of  Bolsenna  in  Italy.*'  Such  a 
ready  roeana  of  minute  reaearch  forms  a  de- 
li^tful  aid  to  the  diemical  philosopher,  as 
well  aa  the  mineralogist.  M.  HaUy,  by  a 
too  rigid  adherence  to  me  principle  of  geome* 
trical  umplidty,  obtained  an  erroneous  deter- 
mination of  the  angles  in  the  primary  form 
of  carbonate  of  lime,  amounting  to  36  mi- 
nntea  of  a  dwree.  And  by  assigning  to  the 
magneslan  and  ferriferous  carbonates  of  lime 
the  same  angle  as  to  the  simple  carbonate, 
the  eiTor  became  still  greater,  as  will  appear 
from   the   following   compsvative   measure.. 
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ObMiTcd  angle  hf 

Dr.  Wollatum't  Theoretic  angle.  Error. 

goninmeCO'. 

CarlMMMteofUine,  106*     V  Ilk*  tlT  40*  9»  dV  9»" 

M sMesian  cttbomrte*     ](NI    16  104    f  8  40  1    40  20 

Ferriferous  carbonate,      107      0  104    28   40  2    31    90 


M.  Hatty  will  tto  doubt  accommodate  bis 
fciults  to  these  indications  of  Dr.  WoUastoo's 
goniometer,  and  give  his  theory  all  the  per- 
fi«tion  n^ch  its  scientific  value  and  degaaee 
dtterre. 

M.  Beudant  has  latdy  made  many  expe- 
riments to  discover  why  a  saline  principle  of 
«  certain  kind  sometimes  impresses  its  crystal- 
line fbrm  upon  a  mixture  in  which  it  does  not, 
by  any  means,  form  the  greatest  part;  and 
aho  with  Ae  view  of  determining,  why  one 
saline  substanoe  may  have  such  an  astonish- 
ing  number  of  secondary  forms  as  we  some- 
times meet  with. 

The  presence  of  urea  makes  eonunon  salt 
take  an  octohedral  form,  although  in  pure 
water  it  aystalliies  hi  cubes  similar  to  iu 
primitive  molecules.  Sal  ammoniac,  which 
crystallises  hi  pure  water  in  octohedrons,  by 
means  of  urea  crystallizes  in  cubes.  A  very 
kllgfat  excess  or  deficiency  of  base  hi  alum 
causes  it  to  assume  either  cubical  or  octohe- 
dnd  secondary  forms ;  and  tficse  forms  are  so 
truly  seoondvy,  that  an  octohedral  crystal  of 
dum,  immerged  in  a  solution  which  is  richer 
In  respect  to  its  basis,  becomes  enveloped  widi 
crystalline  layers,  which  give  it  at  length  the 
form  of  a  cube. 

The  crystalline  form  in  muddy  solutions 
tcouires  greater  rimpUoty,  losmg  all  those 
additiopal/ac^ff,  which  would  otherwise  mo- 
dify their  predominant  form. 

In  a  gelatinous  depoeite,  crystals  are  mwly 
fbund  in  groups,  but  almost  always  single,  and 
of  a 'remarkable  sharpness  and  regularity  of 
fbrm ;  and  they  do  not  undergo  anv  variations 
but  those  which  may  result  from  tne  chemical 
action  o(  the  substance  forming  the  deposite. 
Common  salt  crystallized  in  a  solution  of  borsx 
ac^iies  truncations  at  the  solid  angles  of  its 
cubes ;  and  alum  crystallized  m  muriatic  add 
takes  a  fbim  which  M.  Beudant  has  never  been 
^e  to  obtain  in  any  other  manner. 

30  or  40  per  cent,  of  sulphate  of  copper  may 
be  united  to  the  rhombmdal  crystallization  of 
mlphate  of  iron,  but  it  reduces  ti^s  sulphate 
to  a  pure  rhomboid,  without  any  truncation 
othtt-  of  the  angles  or  the  edses.  A  small  por- 
tion  of  acetate  of  copper  reduces  sulphate  of 
iron  to  Ae  same  simple  rhomboidal  form,  not- 
withstanding tfiat  this  fbmi  is  disposed  to  be. 
come  compHcated  with  additional  surfiiees. 
Sulphate  or  alumina  brings  sulphate  of  iron  to 
a  rhomboid,  with  the  lateral  angles  only  trun- 
cated, or  what  M.  HaUy  calls  his  varUti  uwi- 
taire  ;  and  whenever  this  variety  of  green  vitriol 
is  found  in  the  market,  where  it  is  very  common, 
we  may  be  sure,  according  to  M.  Beudant,  that 
it  contains  alnmiiuu 


Natural  crystals  mixed  widi  foicign  sub- 
stances  aiv  in  general  more  snfnplethan  odierti, 
as  is  sliown  in  a  specimen  of  axinHe  or  violet 
schorl  of  Dauphine,  one  extremity  of  winch 
being  mixed  with  chlorite  is  reduced  to  its 
primitive  form  ;  while  tiie  other  end,  wlndiit 
pure,  is  varied  by  many  facets  pwdmed  by 
diflrerent  decrements. 

In  a  mingled  solution  of  two  or  more  sate, 
of  nearly  equal  solubility,  the  oyttaiffixariBB 
of  one  of  them  may  be  sometimes  deteraoncd 
by  laying  or  suspeiiding  in  die  liquid  a  oyrtsl 
of  that  j^rticulsr  salt. 

M.  Le  Blanc  states,  that,  on  potting  flrts 
a  tall  and  narrow  cylit»Aer,  crystals  at  difPenat 
heights,  in  the  midst  of  Uieir  satntaled  aaiiae 
solution,  the  crystals  at  the  bottom  increase 
fMter  than  those  at  the  snrfiue,  and  that  Aoe 
arrives  a  period  wiien  tiiose  at  the  bottom  eon- 
tinne  to  enlarge,  while  those  at  die  auiftee 
diminish  and  £ssolve. 

Those  salts  which  are  apt  to  give  up  their 
water  of  crystallisation  to  the  atmosfdieres,  aod 
of  course  become  efflorescent,  may  be  prtauied 
by  immersion  in  oil,  and  suMquent  wiping  of 
their  surface. 

In  the  Wemerian  language  of  cfyttalliBa. 
tion,  the  following  terms  are  emptoyed:  When 
a  secondary  form  difos  from  the  enbe,  die 
octdhedron,  &c.  only  in  having  several  «€  lis 
angles  or  edges  replaced  by  a  fiaee,  tMa  change 
of  the  geometrical  form  is  called  a  irmnemiim. 
The  alteration  in  the  principal  fbrm  psodtteed 
by  two  new  faces  inclined  io  one  anoUier,  and 
which  replace  by  a  kind  of  bevel,  an  angle,  or 
an  edge,  is  called  a  he^ment.  When  these 
new  faces  are  to  the  number  of  three  or  more, 
they  produce  what  Werner  termed  a  poim^g^ 
or  actf fRim/iori.  When  two  fbcea  unHa  bv  an 
edge  in  the  manner  of  a  roof,  tbey  have  been 
caued  culminaHon,  Replaeement  il  oocsdon- 
ally  used  for  bevehnent 

The  reader  will  find  some  eurioos  dhaerva- 
tions  on  crystallintion,  by  Mr.  J.  P.  ]>Hddl, 
in  the  1st  vol.  of  the  Journal  of  Sdencsi 

Piofeseor  Mohs,  successor  to  Wshmt  In 
Freyberg,  Dr.  Weiss,  profesMr  of  mincrakgy 
hi  Berlin,  and  M.  Brochaat,  piuitaiM  of 


mineralogy  in  Paris,  have  each  ruontly  pub- 
lished systems  of  mineralogy.  Pirstty  oophms 
details,  rektive  to  the  fint,  are  given  in  the 
3rd  volume  of  the  Sdinborgh  PhUoMipfaical 
JoumaL 

A  complete  exposition  of  tfali  fysim  will 
be  found  in  M.  Haidinger*s  able  translation  of 
Molis. 

In  a  paper  in  the  Journal  de  Pliysiqae^ 
M.  Le  Bhmc  gives  histructions  for  obtaintag 
crystaboflsrgesiae.    His  mediod  is  la  «m- 
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ploy  ii«  ^tfi  or  cMMteHfltoi  to  powinio 
thcBO  the  solutioiM  boiled  down  to  the  point  of 
crystallintions  to  atfect  Iho  nealeil  of  ftht 
maU  CTTStal*  htmtA^  and  pat  them  into  yb^ 
■ds  with  more  of  the  nlOthe^-waMr  of  a  mAv^ 
tkm  that  hat  been  brought  to  oTstaUiie  oon- 
flucdl  J I  to  turn  the  er^tale  at  leaet  once  a- 
doy ;  and  to  supply  wok  fiom  time  to  time 
with  fiieih  nother.watK  If  the  oyitale  be 
iMd  on  their  iidee,  thcj  wiU  Snotaae  moat  in 
length!  if  on  their  ends,  moat  in  breadth. 
VThctt  they  hate  ceased  to  grow  larger,  thcnr 
nauat  be  taken  out  of  the  liquor,  or  the^  wiU 
•oon  begin  to  diminish.  It  may  be  obaerred 
in  general,  that  very  large  crystals  are  less 
tanapannt  than  those  that  are  small* 
.  The  crystals  of  metab  may  be  obtained  by 
lining  them  io  a  oneible  with  a  hole  in  its 
bottom,  doeed  by  a  stopper,  which  is  to  be 
dmwn  o«t  after  die  Tessel  has  been  remoyed 
fimn  the  Ihe;,  and  the  sorfiwe  of  the  metal  has 
began  to  congeaL  The  sama  effect  msfy  be 
•bsened  if  Um  melsl  be  pouted  intoa  plate  or 
dish,  a  Uttk  faiolined,  which  is  to  be  suddenly 
itteliiied  in  the  opposite  direction,  as  soon  as 
the  metal  begins  to  congeal  round  its  edges. 
In  the  first  method,  the  fluid  part  of  the  metal 
runs  out  of  the  hole,  leaving  a  kind  of  eup 
lined  with  crystab:  in  the  latter  way,  the 
•nperior  part»  which  is  fluid,  runs  off,  and 
leaves  a  pUte  of  metal  studded  over  with  cry^ 
tab. 

The  operetion  of  erystaUishig,  or  crystalli. 
natidn,  b  of  gvsat  ntflity  in  the  purifying  of 
variona  saline  snbstanocs.  Most  salts  are 
nnspended  in  water  in  greater  quantities  at 
more  ebvated  temperatures,  snd  sqiamte  more 
«r  lees  by  cooling.  In  thb  prepMr*  and  lifc». 
wise  in  the  quantity  of  salt  capaUe  of  behig 
mdcd  in  a  given  quantity  of  water,  they 
r  greatly  from  each  other.  It  b  therefore 
nmeral  to  separate  salts  by  due 
'  the  temperature  and  evapon* 
tion.  For  eiample,  if  a  solution  of  nitre  and 
ceannoB  salt  be  cvapoiated  over  the  fire,  and 
•  small  quantity  be  now  and  then  taken  out 
lor  trial,  it  will  be  found,  at  a  certain  period  of 
the  concentration,  that  a  eoosiderabb  portion 
«f  salt  wUl  sepanle  by  oodmg,  and  that  thb 
ask  b  for  the  moot  part  nore  nitra  When 
thb  b  sesni  the  whob  fluid  may  be  oooled  to 
sepante  part  of  the  nitre,  after  which,  emo- 
atbn  may  bo  pioesodcd  upon  aa  before.  Tab 
manipnlasbn  depimds  upon  the  diflerent  pro- 
perties of  the  two  salts  with  regard  to  their 
solubility  and  eKystalliastion  in  like  circnm- 
stances*  For  nitre  b  considerably  mow  sqIu- 
ble  in  hot  than  in  coU  water,  while  common 
salt  b  scarody  more  solubb  in  the  one  case 
than  in  the  other.  Tho  common  salt  con- 
sequentlT  separates  in  crystab  as  the  evapora- 
tion of  tho  heated  fluid  goes  on,  and  b  taken 
out  with  •  Indb  ftom  Sam  to  tune,  whereas 
tbonkvsbseparacsd  by  sncocssivo  soolingii  at 


GUBB  OBE.  H«nhidna  OUnab^ 
W\kTfdea,^JVem,  Thb  nuneml  has  a  pik 
lacio.green  eolsnr,  of  various  shades.  It 
occun  masrive,  and  crystallissd  in  the  pedsot 
cube ;  in  acube  with  four  disgcnaDy  opposite 
angles  truncated;  or  in  one  truncated  en  all 
Its  angba;  or  finaUyt  both  on  its  edges  and 

The  crystab  are  smaD,  with  planea  smoodi 
and  spbodent.  Ijustre  glisteniiw.  C9eavage 
paralld  with  the  truncations  of  the  angles. 
Translucent.  Btteak  strew. yellow.  Harder 
than  gypsum.  Easily  firangiUe.  Sp.  gr.  9.0. 
Fusss  with  disengagement  of  arsenical  viqpoum. 
Its  constituents  sie,  31  arsenic  add,  4A.6  oxide 
of  iron,  9  oxide  of  copper,  4  sOba,  and  10.6 
water,  by  Chenevix.  Vanqudin's  analydi 
gives  no  copper  nor  silica,  but  43  iron,  18 
arseob  add,  2  to  3  carbonate  of  lime,  and  38 
water.    It  b  found  in  veins,  i 


Irnn-shotquarta,  in  Tindoft,  and  various  other 
mines  of  Cornwall,  and  at  St.  Leonard  in  the 
Haut •Vienna  in  France.  As  an  arseniale  of 
iron,  it  might  be  ranked  among  the  ores  of 
dther  thb  mctd  or  arsenic—t/amsMn. 

CUDBEAR.    See  Aechii.. 

CUPEU  A  shallow  earthen  vessel,  some, 
what  resemUing  a  cup»  fiom  which  it  doives 
its  name.  It  b  made  of  phosphate  of  Ume^  or 
the  residue  of  burned  bones  rammed  into  a 
mouldt  which  gives  it  its  figure.  This  vessd 
b  used  in  assays  wherdn  me  precious  metsb 
are  fused  with  lead,  which  beoomca  converted 
into  glass,  and  carries  the  impure  alloy  with  it. 

CUPELLATION.  The  refining  of  gdd 
by  scorifioation  with  bad  upon  the  cnpd,  b 
called  cupdlation.    See  Assat. 

CURD.  The  coagulum  whidi  separates 
ftom  milk  upon  the  additbn  of  add  or  other 
substances.    See  AIilx. 

CYANITE,  on  KYANITE.  Disthene 
of  Hatty.  Its  principal  odour  b  Berlin.blue, 
which  passes  into  grey  and  green.  It  oocam 
masdve  and  diaseminatid ,  aire  in  distinct  con- 
orstions.  The  primitive  foreiof  its  crystab  b 
an  oblique  four-sided  prism;  and  the  ea- 
ooadary  fotms  are,  an  oblique  foor^skled  prinm, 
truncated  on  the  lateral  edges,  and  a  twin  ciya- 
tal.  Theplaues are  sneaked,  splendent,  and 
pearly.  deaVage  threefold.  Tranducent  or 
transparent  Snrfoce  of  the  broader  latenl 
pbnes  as  hard  as  ofotite  i  that  of  the  angbs, 
as  quarts.  Easily  nanoibleb  Spec.  gmv.  8.4b 
Mlien  pure  it  b  idioJectric  Some  cryataib 
1^  friction  acquire  negative,  othere  positive 
deotridty;  hence,  Haiiy*s  name.  It  b  in- 
fodbb  before  the  hbwpipe.  It  consists,  by 
Kli^proth,  of  43  dttca,  6&6  alnmina,  Q.90 
bon,  and  a  trace  of  potash.  It  ocsure  in  the 
grsnite  and  mica  slate  of  primitive  monntahis. 
It  b  found  nesr  Banchory  in  Aberdeenshire, 
and  Bodiarm  in  Banffihire;  at  Airdo  cto 
St  Qotbard,  and  in  various  countries  of  Gu- 
rope,  as  well  as  in  Asb  and  America.    It  b 
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est  nd  poUriMd  ia  India  la  w  iitfaior  loitof 


CYANOC 


DYANOOSN.  The  eompound  bMe  oT 
pniiric  add.  The  tenn  sigiufiai  Ihe  producer 
of  51m;  Thb  production  of  blae  is  never  the 
mult  of  the  direct  action  of  this  substance  on 
any  otlier  single  body ;  but  an  indirect  and 
unexplained  operation  of  it  in  conjunction  with 
Iron,  hydrogen,  and  oxygen.  The  same  reason 
whidi  leads  to  the  tenn  cyanogen  would  war- 
rant us  in  calling  it  leucogen,  eiytfarogen,  or 
cfalorogen;  for  it  produces  white,  red,  or  green, 
with  other  metals,  if  it  produce  blue  with  hon. 
Yet,  deference  is  due  to  the  nomenclature  of 
so  distinguiahed  a  chemist  as  M.  Gay  Lussae. 
Cyanogen,  like  chlorine  and  iodine,  by  its  ac- 
tion on  potassium,  produces  flame,  and  like 
them  is  acidified  by  nydrogen.  Its  discovery 
and  investigation  do  the  highest  honour  to 
M.  Gay  Lussae. 

Cyanogen  is  obtained  by  decomposing  the 
cyanide  of  mercury  by  heat  But  as  this 
varies  in  ito  composition,  we  shall  begin  by 
describing  its  formation. 

By  dieting  red  oxide  of  mercury  with 
Prussian  blue  and  hot  water,  we  obtain  a 
cyanide  perfectly  neutral,  which  crystallixes 
in  long  four-sided  prisms,  truncated  obliquely. 
By  rroeated  solutions  and  ciystallizations,  we 
may  fiee  it  from  a  small  portion  of  adhering 
iron.  But  M.  Gay  Lussae  prefers  boiling  it 
with  red  oxide  of  mercury,  whidi  completely 
precipitates  the  oxide  of  iron,  and  he  then 
saturates  the  excess  of  oxide  of  mercury  with 
a  little  prussic  acid,  or  a  little  muriatic  acid. 
The  cyanide  thus  formed  is  decomposed  by 
heat  to  obtain  the  radical.  For  common  ex- 
perimedts  we  may  dispense  with  these  precau- 
tions. 

When  this  cyanide  is  boiled  with  red  oxide 
of  mercury,  it  dissolves  a  considerable  quan- 
tity of  the  oxide,  becomes  alkaline,  crystiJlizes 
no  hNiger  in  prisms,  but  in  small  scales,  and 
its  solubility  in  water  appears  a  little  incrrased. 
When  evaporated  to  dryness,  it  is  very  easily 
charred,  which  obliges  us  to  employ  the  heat 
merely  of  a  water  bath.  This  compound  was 
observed  by  M.  ProusL  When  decomposed 
by  heat,  it  gives  abundance  of  cyanogen,  but 
mixed  with  carbonic  add  gas.  Proust  says, 
that  it  yields  ammonia,  oil  in  considerable 
abundance,  carbonic  add,  aaote,  and  oxide  of 
carbon.  He  employed  a  moist  cyanide.  Had 
it  been  dry,  the  discovery  of  cyanogen  could 
hardly  have  escaped  him.  The  cyanide  of  mer- 
cury, when  neutral  and  quite  dry,  gives  nothing 
but  cyanogen ;  when  moi&t,  it  furnishes  only 
carbonic  add,  ammonia,  and  a  great  deal  of 
prussic  add  vapour.  When  we  employ  the 
cyanide  made  with  excess  of  peroxide,  the 
same  products  are  obtained,  but  in  different 
proportions,  along  with  azote,  and  a  brown 
liquid,  which  Proust  took  for  an  oU,  though  it 
is  not  one  in  reality.  Hence,  to  obtain  pure 
cyanogen,  we  must  employ  tlie  neutral  cyanide 


In  a  state  of  peribet  dryness.  The  oAer  mer- 
curial compmmd  is  not,  however,  simply  a 
sub-eyanide.  It  is  a  compound  of  oxide  of 
mercury  and  the  cyanide,  analogoas  to  the 
brick-odloured  predpitate  obtained  by  adding 
a  little  potash  to  the  solution  of  deutoddoride 
of  mercury  (corrosive  sublimate),  whitb  is  a 
triple  compound  of  chlorine,  oxygen,  and  mer- 
cury, or  a  binary  compound  of  oxide  of  ncr- 
eury  with  the  duoride  of  that  metaL  These 
compounds  mi^t  be  called  oxycyanide  and 
oxychloride  of  mercury. 

When  the  simple  mercurial  cyanide  is  ex- 
posed to  heat  in  a  small  glass  retort,  or  tube, 
shut  at  one  extremity,  it  soon  begins  to  Uadcak 
It  appears  to  mdt  like  an  anioul  matter,  aod 
then  the  cyanogen  is  disengaged  in  abundanob 
This  gas  is  puro  from  the  beginning  of  tiie 
process  to  the  end,  provided  always  that  the 
heat  be  not  very  high;  for  If  It  were  snflu 
dentlv  intense  to  mdt  line  glass,  a  Bttle  aaoie 
would  be  evolved.  Mercury  is  volat9iaed 
widi  a  condderable  quantity  of  cyanide,  and 
there  remains  a  charry  matter  of  die  eoloiir  of 
soot,  and  as  light  as  lampblack.  The  cyanide 
of  silver  gives  out  likewise  cyanogen  when 
heated ;  but  tfie  mereuiial  cyanide  Is  prefSer- 
able  to  every  otlier. 

Cyanogen  is  a  permanently  dastic  fluid.  Its 
smeU,  which  it  is  imposdUe  to  describe^  ia 
very  strong  and  penetrating.  Its  solution  in 
water  has  a  very  sharp  taste.  The  gas  bums 
with  a  bluish  name  mixed  with  purple.  Its 
spediic  gravity,  compared  to  that  of  air,  is 
1.8064.  M.  Gay  Lussae  obtamed  it  by  iv«igh- 
ing  at  the  same  temperature,  and  imder  the 
same  pressure,  a  balloon  of  about  2)  litres 
(152.56  cubic  indies),  in  which  the  vacuum 
was  made  to  the  same  degree,  and  alternately 
full  of  air  and  cyanogen.  1(K)  cubic  IneliM 
weigh  therefore  55.1295  grains. 

Cyanogen  is  capable  of  sustaining  a  pretty 
high  beat,  without  bdng  decomposed.  Water, 
with  which  M.  (Hy  Lossac  agitated  it  for 
some  minutes,  at  the  temperature  of  68*,  ab- 
sorbed about  4|  times  its  volume.  Pure 
alcohol  absorbs  23  times  its  volume.  Sul- 
phuric ether  and  oil  of  turpentine  dissolve  at 
least  as  much  as  water.  Tincture  of  litmus 
is  reddened  by  cyanogen.  On  heating  the 
solution  the  gas  is  dlswigaged,  mixed  with  a 
little  carbonic  add,  and  the  blue  eohrar  of  the 
litmus  is  restored.  The  carbonic  add  proceeds 
no  doubt  ftom  the  decompodtion  of  a  small 
quantity  of  cyanogen  and  water.  It  deprives 
the  red  sulphate  of  manganese  of  Its  colour,  a 
property  which  prusdc  add  does  not  possess. 
This  is  a  proof  that  its  dements  have  more 
mobility  than  those  of  the  add.  In  the  dry 
way,  it  separates  the  carbonic  add  hem  me 
carbonates. 

Phosphorus,  sulphur,  and  iodine,  may  be 
sublimed  by  the  hmt  of  a  spirit-lamp  In  cy- 
anogen,  without  oocaaioniag  aiiy  diange  on  it 
Ite  miactnre  with  hydrogen  was  not  uttered  by 
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the  sttne  tcnmcntore,  or  hj  fMaring  cJectticd 
ipada  thiou^  it  Copper  aod  gdd  do  iMt 
combiiie  witfait;  but  iron,  when  heated  alznoit 
to  whitenetf ,  deoompones  it  in  part  The  me* 
tal  is  covered  with  a  slight  eoathig  of  diarooal, 
and  becomes  brittle.  The  nndeeomposed  por- 
tioD  of  the  gas  IB  mixed  with  asots  (oonlainf 
ftee  axote).  In  one  trial  the  axote  eonstituted 
0.44  of  the  mixture,  but  in  general  it  was  less. 
Platinum,  which  had  been  placed  beside  the 
iron,  «Bd  not  nndeigo  aiiy  alterstion.  Neither 
its  surface  nor  that  of  die  tube  was  ooveml 
with  charcoal  like  the  iron. 

In  the  cold,  potaoium  acts  but  slowly  on 
cyanogen,  because  a  crust  is  formed  on  its  sor- 
&ce,  which  presents  sn  obstacle  to  the  mutual 
vctioo.  On  applying  the  spirit-lamp,  the  po- 
tsssium  becomes  speedily  incandescent  f  the 
Absoiption  of  the  oas  begins,  the  inflamed  disc 
gradnslly  diminiuies,  and  when  it  disappears 
entirely,  which  takes  place  in  a  few  seoon^ 
the  ahmption  is  likewise  at  an  end.  Sup. 
posing  we  employ  a  quantity  of  potassium  Uiat 
would  disengage  60  parts  of  hydrogen  from 
water,  we  find  that  fiom  48  to  60  parts  of  gas 
have  disappeared.  On  treating  the  residue 
with  potash«  there  usually  remam  4  or  6  parts 
of  hydrogen,  sometimes  10  or  12.  M.  Gay 
liossac  made  a  great  number  of  experiments 
to  diacoTer  the  origin  of  this  gas.  He  thinks 
that  it  is  derived  from  the  water  which  the 
cyanide  of  mercury  contains  when  it  has  not 
^een  suiBeiently  dried.  Prussic  add  vapour 
is  then  produced,  which,  when  decomposed  by 
the  potassium,  Iraves  half  its  volume  of  hydro. 
gen.  Potassium,  thcarefore,  absorbs  a  volume 
of  pure  cyanogen,  equal  to  that  of  the  hydro- 
gen which  it  would  disengage  from  water. 

The  compound  of  cyanogen  and  potassium 
is  ydlowish.  It  dissolves  in  water  without 
efevescence,  and  the  sdhition  is  strongly  alka- 
line.  Its  taste  is  the  same  as  that  of  hydro. 
cymate  or  simple  prussiate  of  potash,  of  which 
it  possesses  all  the  properties. 

Tbe  gas  being  very  inflammable,  M.  Oav 
Lussac  eaq>loded  it  in  Volta*8  eudiometer,  witn 
abowt  2i  times  its  volume  of  oxygen.  The 
detonation  is  very  strong;  and  the  flame  is 
Unish,  like  that  of  sulphur  burning  in  oxy- 
gm. 

Supposmg  that  we  operate  on  100  parts  of 
cyanoc^  we  find  after  the  explosion  a  dimi. 
BntioQ  of  Tolume,  whkh  amounts  to  from  four 
to  nine  parts.  When  the  residuum  is  treated 
with  potash  4K  barytes,  it  diminishes  from  195 
to  200  parts,  which  are  csrbonic  add  gas. 
Tbe  sew  lesiduum,  analysed  over  water  by 
hydrogen,  gives  from  94  to  98  parts  of  azote, 
and  the  oxygen  which  it  contains,  added  to 
that  ki  die  icarbonic  add,  is  e<raal  (within  four 
or  five  per  cent)  to  that  whiai  has  been  em- 
plpyed. 

Nesleoting  the  smafl  differeaoes  which  pre- 
vent mese  numbers  from  having  simple  ratios 
to  cacb  otbct,  and  Wdi,  UK  &e  pnseooo  of 


hvdragett,  depend  upon  tiie  presenee  of  a- van- 
able  pordon  of  prussic  add  vapouir  in  the 
cyanogen  ^employed,  proceeding  ftiMn  the  water 
left  in  the  cyamde  or  mercury,  we  nny  admit 
that  cyanogoi  contains  a  sufiident  quantity  of 
carbon  to  produce  twice  its  volume  of  carbonic 
acid  gas ;  that  is  to  si^,  two  volumes  of  the 
vapour  of  carbon,  and  one  volume  of  asots 
condensed  into  a  sb!fc;Te  volume.  If  that  sup- 
position be  exact,  the  density  of  the  radical 
derived  from  it  ought  to  be  equal  to  the  den- 
sity derived  from  experiment ;  but  supposing 
the  density  of  ahr  to  be  1.00,  twice  that  of  the 
▼apourof 


Carbon  is        0-8320 
Azote,  09691 

1*8014 


(0-8332> 
(0-9722) 

18061 


From  the  near  agreement  of  these  number^ 
with  tbe  experimental  density,  we  are  entitled 
to  conclude  that  M.  Gay  tiussac's  analysis  Is 
correct  Bv  adding  a  volume  of  hydrogen  to 
a  volume  of  cyanogen,  ^we  obtain  two  volumes 
of  prussic  acid  vapour ;  just  as  by  adding  a 
volume  of  hydrosen  to  a  volume  of  chlorine, 
we  obtain  two  vtuumes  of  muriatic  add  gas. 
The  same  proportions  hold  with  regard  to  the 
vajpour  of  iodine,  hydrogen,  and  hydriodic 
acid.  Hence  the  sp.  gr.  of  these  three  h3rdro- 
gen  adds  is  exactly  equal  to  half  the  sum  of 
the  densities  of  their  respective  bsses  and  hy. 
drogen.  This  analogy  was  first  estaUished  by 
M.  Oay  Lussac. 

It  is  now  obvious  that  the  action  of  po- 
tassium on  cyanogen  agrees  with  its  action  on 
prussic  add.  We  have  seen  Uiat  it  absorbs 
60  parts  of  the  first,  and  likewise  that  it  ab- 
sorbs  100  parts  of  the  second,  from  which  it 
separates  50  parts  of  hydrogen.  But  100 
parts  of  prussic  add  vapour,  minut  60  parts 
of  hydro^,  amount  exactly  to  60  parts  cy- 
anogen. Hence  Ae  two  results  agree  perfectly, 
and  the  two  compounds  obtained  ought  to  be 
identical,  which  agrees  precisely  wiw  experi- 
ment 

The  analysis  of  cyanogen  behig  of  great  im. 
pOTtance,  M.  Gay  Lussac  attempted  it  like- 
wise by  other  methods.  Having  put  cyanide 
of  mercury  into  the  bottom  of  a  glass  tube,  he- 
covered  it  with  brown  oxide  of  copper,  and 
then  raised  the  heat  to  a  dull  red.  On  heat- 
ing gradually  the  part  of  the  tube  containing 
the  cyanide,  the  cyanogen  was  gradually  dis- 
engaged,  and  passed  through  the  oxide^  which 
it  reduced  completely  to  the  metallic  state.  On 
washing  the  gaseous  producto  with  aqueous 
potash,  at  difiercnt  parts  o(  the  process,  he 
obtahied  only  from  0.19  to  0.30  of  azote,  in- 
stead  of  0.33,  which  ougjht  to  have  remained 
according  to  the  preceding  analysis.  Presuming 
that  some  nitrous  compound  bad  been  formed, 
he  repeated  the  experiment,  covering  die  oxide 
with  a  cdfaunn  of  copper  filings,  which  IuJe^ 
St  the  vme  tamp«atiife  as  te  oxide.    Vfm 


CYA 


CYA 


•tai^ulart  tat 


iin«UMt  qaantitf  4)f  uoCt 


vkufa  he  o^iaiatd  daziDg  the  wiKtle  ooune  of 
tlw  «vpcnjiMpe  was  32*7  for  100  of  gaa,  tad 
ihe^DwtMtwM  344.  Tb«  mMn  of  fOl  thf 
tlritibwti^** 

Aiota,  •    Sa-Oorfifladyl 

(Wbonic  •dd,    •    66.4  a 

A  mult  which  ahowi  cletily  Hm  eymogn 

«oiktHBs  two  mimam  of  the  nspoux  «f  <i«taiy 

and  one  voluBM  of  aMta. 

In  aaothflr  ezpoimeDt,  iosiMd  4^  pasahig 
the  cy«Mgen  through  the  oxide  «f  oapper,  he 
made  a  mixtiue  of  one  pan  of  the  cyuude  of 
mercory,  and  10  parte  of  the  red  ojide,  and 
•Aer  ittttodudng  it  into  a  gbm  tube^doae 
at  one  end,  he  covered  it  with  copper  flUnga, 
which  he  laiaed  fiiat  «e  a  red  heat*  On  heat. 
ing  the  mixture  succeasiTdy,  the  deoomposi- 
tioQ  went  on  with  the  gieatest  facility.  The 
pisfpettione  of  the  gaeeoos  miztnre  were  leae 
nowhur  than  in  the  preceding  expcrimcnl* 
Tw  mean  wav-« 

Aflote,  94-6  inetead  of  33*3 

Garboaic  add,    65*4  66*6 

Jp  modicr  experiment  he  oUained,— 

Aaote,  32.3 

Caiboiil0  add,    67*6 

If ow  the  mean  of  theae  fee uUe  gives,-*- 

Aaote,  33*4 

Carbonic  add»    66-6 

No  eeasihle  quantity  of  water  aeemed  to  be 
filmed  Airing  ijiese  analyses.  This  shows 
fiffther,  that  what  has  been  caUcd  a  pnissiirt* 
of  meveuiy  is  reaUy  a  cyanide  of  that  metal 

When  a  pure  solution  of  polMh  is  intio- 
dskoed  into  this  gai^  the  ahs^tian  is  rapid. 
If  the  alksli  he  not  tee  oeoaeattated,  and  ha 
sot  quite  satnrsted,  it  is  searoely  tii^^ed  of  a 
kmoo-ycDow  colow.  But  if  the  cyaaagsn  he 
In  esosBS,  we  obtain  a  biown  sohtdoo,  app»- 
ttttlycaiboaaeeouB.  On  pouring  potash  com^ 
bined  with  CTanogen  into  a  s«l&  sdlutioo  of 
•  black  oxide  of  iron,  and  adding  an  acid,  we 
oht^  pmasian  Uue.  It  would  appear  from 
this  phenomenon  that  the  cyanogen  is  decom- 
peeed  the  Inetsnt  that  it  combinea  with  the 
potash  s  but  thisfiondndon  is  premature;  for 
when  diis  body  is  really  deeomposed  by  means 
of  an  alkaline  aohttion,  carbonic  add  is  always 
pradnoed,  together  with  pniadc  add  and  am« 
monia.  But  on  pourii^  barytee  into  a  sdu^ 
tienof  qrenegen  in  potash,  no  piedpitate  takes 
plaoe,  which  shows  that  no  aubonic  add  is 
present.  On  adding  an  exesss  of  quicklime, 
no  traee  of  ammonia  is  peroeptiUei  Since, 
then,  no  carbonic  add  and  ammonia  have  been 
iMmied,  water  has  not  been  decomposed,  and 
oonseqitenay  no  pmssue  add  evolvw.  How 
Iken  comes  the  solution  of  cyanogen  In  potaeh 
te  psednee  peuesisn  Una,  with  a  solution  of 
Inn  and  add?  The  Ibllowing  is  M.  Gay 
Unaac's  sohition  of  thisdiffiaJW :— • 

The  inaiMiiMt  add  isjwmd  fate  the  sdln. 
k  POMf  • 


Id  is  andaflsd,  and  «i 
the  same  time  a  stmng  smeU  of  proasic  add 
becomes  pcrcq>tible.  Anmionia  is  likewise 
formed,  whidi  lemdns  combined  widi  the  add 
employed,  and  which  may  be  rendered  very 
sensible  to  the  smell  by  the  addition  of  quick, 
lune.  Since  therefore  we  are  obliged  to  add 
an  add  in  order  to  £arm  prussian  blue,  iis 
formation  oocasioos  no  farther  difficulty. 

Soda,  baiytes,  and  strontites,  produce  die 
same  effect  as  potash.  We  must  thcrdbce 
admit  that  cyanpgen  forms  nartiCTilar  oombi- 
nations  with  the  alkalis,  which  are  nmvmni, 
tUl  eome  ciroumatance  determinea  die  fonoa. 
tioo  of  new  products.  These  oomfainatiais 
are  true  salts,  iriiich  may  be  regarded  aa  ana- 
logous to  those  formed  by  adds.  In  fact  cy- 
anogen possesses  add  characters.  It  contaiM 
two  ekmcDts,  aaote  and  carbon,  the  firat  of 
which  is  strongly  acidifying,  according  to  X. 
Oay  Lussac.  (Is  it  not  as  strongly  alkalify- 
'  ing,  with  hydrogen,  in  ammonia  ?)  Cyanogei 
reddens  the  tincture  of  litmus,  snd  neatraluss 
the  bases.  On  the  other  hand,  it  acta  as  a 
simple  body  when  it  combines  with  hydrogai{ 
and  it  is  tms  double  (unction  of  a  ample  and 
compound  body  which  rendcQi  its  nomcafllatuse 
so  embarrassing* 

Be  this  as  it  may,  the  compounds  of  cjanfr' 
gen  and  the  alkaUc,  which  may  be  dastia- 
gnished  by  the  term  cyanides,  do  not  sepaiate 
m  water,  like  the  alkaline  chloride^' (oxymo- 
riates),  which  psoduce  chlorates  and  muriates 
But  when  an  add  is  added,  there  ia  formed, 
let,  Csrbonic  acid,  which  conesponds  to  the 
chloric  scid ;  2d,  Ammonia  and  pcussic  add, 
vhich  correspond  to  the  muriatic. 

When  the  cyanide  of  potash  is  decomposed 
by  an  add,  there  is  produced  a  volume  dT  car- 
bonic add  just  equal  to  that  of  the  cvanoffea 
employed.  What  thso  beeomes  of  the  oUicr 
volume  of  the  vapour  of  carbon ;  for  the  cy^* 
aogeo  contains  two,  with  one  volume  of  aaote  ? 

Since  there  is  produced,  at  the  expenae  of 
the  oxygen  of  the  water,  a^dume  of  caibonic 
add,  whidi  lepreeente  1  volume  of  oxygen,  3 
volumes  of  hydrogen  must  likewise  have  been 
produced.  Therefore,  neglecting  the  carbonie 
add,  there  remalne 

1  volume  vapour  of  carbon, 

1  aaote, 

2  hydrogen; 

and  we  must  make  theae  three  demente  eom^ 
bine  in  totality,  so  as  to  produce  only  prussie 
add  and  ammonia.  But  the  one  vAwne  of 
the  nqKNir  of  carbon,  with  half  a  volome  of 
asote,  and  half  a  volnine  of  hydrogen,  praduoes 
eiaeUy  1  volume  of  pruesic  acU,  iraile  die 
vdnme  andahalf  of  hydrogen,  aiid  iht  half 
vdlnme  of  asote  remaining,  peoduce  1  vo- 
lume of  amraoaiacal  gas;  for  this  substsnee 
is  formed  of  3  vdumes  of  hydrogen  and  1  of 
iBofte,  fdndsnsed  faito  3  volumes.  Sea  Ax- 
Movia. 
A  gma  votami  of  ( 
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with  an  acid,  produeet  esMtly 

1  volume  of  anbooic  bM  gMy 
1  pnaiiic  mdd  vapoiir, 

1  MnBomacal  gM. 

It  IS  vary  lemarkabte  to  tea  an  wxpenmrnty 
appaicsdy  very  complicated,  give  ao  aimpla  a 
leault. 

The  metaUie  oxides  do  not  seem  capable  of 
produdog  the  same  changes  on  ejanogeo  as 
the  olkalis.  Having  piectpiUtcd  proto-sul. 
phats  of  inn  by  an  alkali,  ao  thiu  no  fios 
n^^aji  lODained,  M«  Gvy  Loifsaff  cawmd  the 
oxide  of  inm  (mixed  neoessaiilv  with  much 
water)  to  absorb  cyanogen,  and  then  added 
muriatic  add.  But  he  did  not  obtain  the 
sli|[^test  tnce  of pnuaian  blue;  though  the 
same  oxide,  to  which  he  had  added  a  little 
potash  befiane  adding  the  acid,  pndnosd  it  in 
afaandance. 

From  this  issuH  one  is  induced  to  believe 
that  oxide  of  iran  does  not  combine  with 
cyanogen ;  and  ao  much  the  more^  because 
water  impregnated  with  this  gas  never  pip* 
duces  pnushua  blue  with  solution  of  iioo,  nn. 
leas  we  begin  by  sddiog  an  alkalL  See  Acio 
(Pmi78si€>  The  peroxides  of  mangsnese 
and  mercury,  and  the  deutoxide  of  lead,  sb- 
soth  cyanogen,  but  very  slowly.  If  we  add 
watai^  the  combination  is  mudi  more  rapid. 
Wish  the  peroxide  of  mercuiy,  we  obtain  a 
gicyiah-white  oompouad,  somewhat  soluble  in 


Cyanogen  rapidlv  decomposes  the  carbon- 
ales  at  a  dull  fed  heat,  and  cyanides  of  the 
oxides  aia  obtained.  When  paned  throo^ 
solphnret  of  barytes,  it  eombmes  without  djs* 
engaging  the  sulphur,  and  xenden  it  very 
fodlMB,  and  ofabrownish-black  colour.  When 

Kt  into  water,  we  obtain  a  oolourlen  lolutioB, 
t  which  gives  a  deep  bmwn  (maroon)  colour 
to  muriate  of  iron.  What  does  not  dissolve 
iwifains  a  good  deal  of  sulphate,  whidi  is 
doubtless  formed  during  the  prepaatkn  of 
the  solphurst  of  barytes. 

Oo  dusolving  cyanogen  in  the  sulphuretted 
hydroeulphuret  of  barytes,  sulphur  is  pied- 
pHatod,  which  is  again  diisolved  when  the 
nqnid  is  saturated  with  cysnogen,  and  we  ob- 
tain a  solution  having  a  very  deep  brown  ma. 
man  eoSow.  This  gas  does  net  deoomposo 
mlphuret  of  silver,  nor  of  pouvdi. 

I  and  sa^huTOtted  hydregcn  eom- 

with  each  other.    A  yolow  sub« 

K  is  obtamed  in  Ane  needles,  which  die. 


olpihuretof  I 

Cyanogni 

ifaieeloi4y  v 


salvca  in  water,  does  not  prseipitate  nstiale  of 
lead,  ptadaees  no  pnssian  bfaie,  and  is  eon- 
posed  of  1  v«iuroe  cyaaogsn,  and  Ijf  volume 


0f  sal|AuKlttd  hydiogeii. 
Ammomaoal  M  aad  mBogeo  begfai  to  aet 
r  wMBOver  they  i 


OQ  eaeh  other  wfienever  they  eome  in  ooataotj 
but  some  horns  are  requisite  to  reader  the 
effect  esi<ete  We  perceive  at  first  a  wfaiCe 
thick  vapour,  wUerSiiln  ^isi^psar^  The 
'   I  ef  veliifte  U  nwi^dswibla,  and  the 


gbntiAvhidithanixtaisle  mde  1 
opaque,  Its  inside  being  covered  with  a  soUd 
brown  matter.  On  mixing  90  parta  of  eym 
DOgen,  and  827  Wfimopia,  th^  combined 
nearly  in  the  proportioo  of  1  to  Ij^  Tins 
compound  gives  a  dark  omn^brown  colour 
to  watcar,  but  dissolves  only  m  a  very  maQ 
proportion.  The  liquid  pwducfs  no  prussiaa 
blue  with  the  aalta  of  iron. 

When  prussic  acid  is  exposed  to  the  action 
of  a  voltaic  battery  of  20  pain  of  platssy  much 
hydrogoD  gas  is  distngagrd  at  the  nsgativa 
pole,  while  notbiw  appears  at  the  positive 

■       *  tboeis       ■    ■ 


pole.  It  is  because  these  is  evolved' at  that 
pole  cyanogen,  which  remains  dissolved  in  the 
add.  We  may,  in  this  manner*  attempt  the 
combination  of  metals  with  cyanogcBi  pudng 
them  at  the  positive  pole.  * 

It  is  essy  now  to  detennine  iriiat  takes  plaoo 
when  an  animal  matter  is  caldned  with  potash . 
or  its  carbonate.  A  cyanide  of  potash  is 
formed.  It  has  been  nroved,  that  by  heat 
potaah  sepaiates  the  hydragen  of  the  pnusie 
or  hydroqraoic  acid.  We  cannot  then  aufpose 
that  tills  sdd  is  formed,  while  a  mixture  of 
potash  and  animal  natters  is  exposed  to  a  hig|h 
temperatuK.  But  we  obtsin  a  cysaide  of 
potash,  and  not  of  porassium ;  for  this  last, 
when  dinolved  in  water,  gives  only  pmssiat* 
of  potash  (hydio-cysnate),  which  is  deoom. 
posed  by  the  acids,  without  producing  am* 
monia  and  carbonip  add ;  while  the  cyanide 
of  potaeh  diaaofares  in  watar,  without  being 
altered,  and  doss  not  givs  ammonia,  csrboBig 
add,  and  prussic  (hyorocyanic)  add  vapoiu^ 
unleai  an  add  be  added.  This  is  die  cba* 
racter  which  diaringiMwhes  a  cyanide  ofa  metal 
fiom  a  cyanide  of  a  metallic  oxide.  SeeAccD 
(Prussic). 

The  praoeding  facts  are  taken  ten  M.  Gay 
Luasac*s  memoff  on  hydiocyaaift  add,  pia» 
sented  to  the  Institute,  September  18,  IBL^ 
end  published  in  the  Annales  do  Chimie, 
voL  xcv. 

In  the  Journal  do  Pharmade  for  November, 
18ia,  M.  Vaiiquelin  has  publiahedsndaborate 
dissertation  on  the  same  subject,  o(  which  I 
have  given  aome  extzacti  under  Acid  (Paus- 
sic).  I  shall  insert  here  his  very  degant 
process  for  obtaining  pure  hydro^anic  or 
pruesic  add,  ftom  the  eyaoAde  of  mercuiy. 

CVmddering  that  meteury  has  a  stroog  at- 
traction for  sSphur,  and  tmit  cyanogen  unites 
easily  m  hydrogen,  when  presented  in  the 
proper  state,  he  draught  that  sulpfaoretteff 
hydrogen  m%ht  be  employed  for  deoompodng 
diy  cyanide  of  mercury.  He  operated  in  the 
Mowing  way:— He  made  a  current  of  sul* 
phnretted  hydrogen  gas,  disengsged  slowly 
from  a  mixture  of  sulpfanret  of  iron,  aiid  voy 
dflttte  sulphuric  add,  pass  stowly  dirough  a 
glass  tube  diflfhUy  heated,  filled  widi  the 
mcrcniial  cyanide,  and  oomrnunicathig  with 
a  rseeiver,  ceded  hf  %  mhcture  of  salt  and 
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As  fooo  99  ihe  fliupbuKttod  hydTOgefi  came 
ia  contact  with  the  mercurial  salt,  this  last 
sabstanoe  blackened,  and  this  eflfect  g^ually 
extended  to  ihe  farthest  extremity  of  the  ap- 
paratus. During  this  time  no  trace  of  sm- 
pburetted  hydrogen  could  be  perceived  at  the 
mouth  of  a  tube  prooeedine  from  the  receiver. 
As  soon  as  the  odour  of  this  gas  began  to  be 
perceived,  the  process  was  stopped ;  and  the 
tube  was  heated  in  order  to  drive  over  the  acid 
which  might  still  remain  in  it  The  apparatus 
being  unluted,  he  found  in  the  receiver  a  co- 
lourless  fluid,  ^ich  possessed  all  the  known 
properties  of  prussic  add.  It  amounted  to 
nearly  the  fifth  part  of  the  cyanide  of  mercury 
employed. 

This  ptoeess  is  nsier,  and  furnishes  more 
add,  than  M.  Oay  Lussac*s  by  means  of 
muriatic  add.  He  repeated  it  several  times, 
and  always  successrally.  It  is  necessary 
merdv  to  take  care  to  stop  the  process  before 
the  odour  of  the  sulphuretted  hydrogen  begins 
to  be  percdved,  otherwise  the  hydrocyanic 
add  wQl  be  mixed  with  it  However,  we 
mar  avoid  this  inconvenience  by  pladng  a 
litde  caibonate  of  lead  at  the  extremity  of  the 
tube.  As  absolute  hydrocyanic  add  is  required 
only  for  diemical  researdies,  and  as  it  cannot 
be  employed  in  medicine,  it  may  be  worth 
i^dle,  says  M.  Vauqnelin,  to  bring  to  the 
reeolleJBdon  of  apothecaries  a  process  of  M' 
Ploust,  whidi  has,'  perhaps,  escaped  their 
attention.  It  consists  in  passing  a  current  of 
sulphuretted  hydrogen  gas  through  a  cold  sa- 
tnrated  solution  of  prusdate  of  mercury  in 
water,  till  the  liquid  contains  an  excess  of  it ; 
to  put  the  mixture  into  a  bottle,  in  order  to 

a^tate  it  from  time  to  thne ;  and  finally,  to 
terit 

If  this  prasric  add,  as  almost  always  hap. 
pens,  contains  traces  of  sulphutetted  hydrogen, 
agitate  it  with  a  Htde  carbonate  of  lead,  and 
fiker  it  again.  By  this  process  we  may  ob- 
tain hydrocyanic  add  in  a  mudi  greater  de- 


gree  of  ooneentntion  dian  U  necessary  fat 
medicine.  It  has  the  advantage  oyer  the  drj 
prussic  add,  of  being  capable  of  bdng  pic 
served  a  long  time,  always  taking  care  to  keep 
it  as  much  as  possible  from  the  contact  of  air 
and  heat     See  Actd  rPRtrssTc). 

In  the  first  volume  (tt  the  Journal  of  Science 
and  the  Arts,  Sir  H.  Davy  has  stated  some 
interesting  particulars  relative  to  cyanogen. 
By  heating  cyanide  of  mercury  in  muristic 
acid  gas,  he  obtained  pure  liquid  prussic  add, 
and  corrosive  sublimate.  By  heating  iodine, 
sulphur,  and  phosphorus,  in  contact  widi  era. 
nide  of  mercury,  compounds  of  these  bodies 
with  cyanogen  may  be  formed.  That  of 
iodine  is  a  very  curious  body.  It  is  volatfle 
at  a  very  moderate  heat,  and  on  cooling  col- 
lects  in  flocculi,  adhering  together  like  oxide 
of  zmc  formed  by  combustion.  It  has  a  pun- 
gent smdl,  and  very  acrid  taste. 

A  portion  of  pure  cyanide  of  mercury  was 
heatea  till  perfectly  dry,  and  then  indosed  in 
a  green  glass  tube  (see  Acid  Cahbonic), 
and  being  collected  to  one  end,  was  decomposed 
by  heat,  whilst  the  other  end  was  cooled. 
The  cyanogen  soon  appeared  as  a  liquj^t 
limpid,  colourless,  and  very  fluid ;  not  altering 
its  state  at  0<»  F.  A  tube  containing  it  being 
opened  in  llie  air,  the  expansion  ^thin  did 
not  seem  to  be  very  great ;  and  the  liquid 
passed  with  comparative  slowness  into  the 
state  of  vapour,  prodndng  great  cold.  The 
vapour  collected  over  mercury  proved  to  be 
pure  cyanogen. 

Liquid  cyanogen,  evolved  in  contact  witb 
moisture,  does  not  mix  with  the  water,  but 
floats  over  it  In  a  few  dajrs,  the  water  and 
cyanogen  react  on  cadi  other,  and  carbonaceous 
matter  is  evolved.  Mr,  Faraday^  PMi- 
Tram,  1823. 

CYMOPHANB  of  Hatty.    The  Chry- 

80BEBTL. 

CYSTIC    OXIDB.     See   CAi.cirr.i/» 

(IhllNABT). 
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DAHLINE.  A  vegetable  foindple  dia- 
covered  by  M.  Piiyen,  analogous  to  starch  and 
inulin.  To  extract  it,  the  pulp  of  the  bulbs 
of  Dahlia  is  to  be  difliised  in  its  we^t  of 
water,  filtered  through  doth,  tlie  liquid  mixed 
with  one-twentieth  its  weight  of  common 
dialk,  boiled  for  half  an  hour,  and  filtered. 
The  residuum  of  the  bulbs  is  then  to  be 
pressed,  the  solutions  united,  and  evaporated 
to  three-fourths  of  their  volume.  Four  per 
em^  of  animal  charcoal  must  now  be  added, 
and  the  whole  clarified  by  the  whiteof  an  egg. 
The  liquor  filtered  and  evaporated,  until  aSm 
ten  on  thesux&ce,  depodtadahlin  on  cooling. 
All  the  wasfaii^  are  to  be  mated  in  the  sane 


way,  and  thua  4  per  cemL  of  dahline  will  be 
obtained  from  the  bulba. 

This  substance  when  pure  is  white,  ino- 
doroua,  pulverulent,  taatdess,  sp.  gr.  1.33(Ki 
more  soluble  in  hoi  than  cold  wstei^  '■^ 
soluble  in  alkohol,  but  pvedpitated  by  it  fro^ 
aqueous  sohitiona.  It  dilieEs  from  starch  iod 
inulin  in  forming  a  granulated  mass  wfaA  '^ 
aqueous sdution  is  evaporated,  as  aisoitt^ 
speofic  gravity.  M.  Bmeoonot  has  diseovcisd 
dahlin  in  the  Jecusalom  artichoke.  He  ^* 
aiders  it  merdy  as  a  variety  of  iBii^i"' 
AwMke  de  Cftiw.  ei  Phys.  xxiv.  and  xxv. 

DAMPS.  Tbe-fOMinentlydaslkfluMi 
whidi  aia  exiiiwlifl  In  ^inca,  and  aif  da- 
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ntmcdve  to  asimal  life,  an  called  damps  by 
the  minen.  The  chief  diHtinctions  made  by 
the  minen  are,  choke-damp,  which  exrio- 
guiahes  their  candles,  hmren  about  the  bottom 
of  the  mine,  and  oonsiats  for  the  meet  part  of 
carbonic  add  gas;  and  fire-damp,  or  oarbu- 
retted  hydrogen,  which  occupies  the  superior 
spaoea,  and  doea  great  mtachief  by  exploding 
whenever  itoomes  in  contact  with  their  lights. 
See  Oas,  Combustiok,  and  Lamp. 

DAOURIT£.  A  variety  of  red  schorl 
trom  Siberia. 

DAPHNIN.  The  bitter  principle  of 
]>apkng  Alpinoy  diiwoveied  by  M.  Vauquelin. 
Fiona  the  alcoholic  uifusion  of  this  bark,  the 
leain  was  separated  by  its  concentration.  On 
diluting  the  Unctore  with  water,  filtering,  and 
addinff  acetate  of  lead,  a  yellow  daphnate  of 
lead  ftO,  from  which  sulphuretted  hydrogen 
aeparated  the  lead,  and  left  the  daphnin  in 
small  transparent  crystals.  They  are  hard,  of 
a  greyish  colour,  a  bitter  taste  when  heated, 
evaponte  in  acrid  acid  vapouis,  sparingly 
soluble  in  cold,  but  moderately  in  boilmg 
wmur.  It  is  stated,  that  its  solution  is  not 
jnedpitated  by  acetate  of  lead ;  yet  acetate  of 
lead  la  empli^ed  hi  the  first  process  to  throw 
it  down. 

DATOLITE.  DathoUt  of  Werner.  This 
species  is  divided  into  two  eub-raedes,  vis. 
Common  Dalolite,  and  Botroidal  Datolite. 

1.  Common  VatoUte,  Colour  white  of 
▼arious  shades,  and  greenish-grey,  indining  to 
cdadine-green.  It  occurs  in  Inge  coarse,  and 
snaall  granular  distinct  concretions,  and  crya- 
tallixed.  Primitive  form,  an  oblique  four, 
aided  prism  of  109"  28^,  and  W  32".  The 
prindpal  secondary  forms  are,  the  low  oblique 
feur.«cled  prism,  and  the  rectangular  four- 
aided  priam,  flatly  acuminated  on  the  extie- 
midea,  widi  four  planes  which  are  set  on  the 
latcfsl  planea.  The  crystala  are  small  and  in 
dfiisca.  Lustre  shining  and  resinous.  Cleay- 
age  imperfect,  parallel  with  the  lateral  planm 
Of  the  prism.  Fra^ore  fine-oained,  uneven, 
or  hnpevfect  oon<ioidal.  Trandncent  or 
tnaspaient  Fully  as  hard  as  apadte.  Very 
biitde  and  difllcuiay  frangible.  Sp.  gr.  2.9. 
When  exposed  to  the  flame  of  a  candle  it 
becomes  opaque,  and  may  then  be  rubbed 
down  between  the  fingen.  Before  the  blow- 
pipe  it  hitumesocs  into  a  milk-wfaite  ooloured 
mass,  and  then  mc&ta  into  a  globule  of  a  pale 
lose  coloaK.  Its  oooadtnenta  are,  by  Klapiotli, 
aOiea  3^6,  limedfiwft,  borade  add  24.0,  water 
4,  iiaee  of  iron  and  manganese.  It  is  asso- 
chMed  with  laise  foliated  granular  calcareoua 
flpar,  at  the  mme  of  Nod^voe,  near  Arendal 
in  Norway.  It  MsemUes  picfanite,  but  is 
disdi^aished  by 
ftactufsi  inftiior  ' 
daelrie  by  heatfaig.— Jem^iofi. 

f .  AtffeWoJ  DatoHte.  See  Bot&toutc. 

DATURA.  A  mMMi  vcgeUMdkaU 
ebtakKd  from  DatiMu  Stummovivm, 


DEAD-SEA  WATER.    SeeWATCi. 

DEGANTATION.  The  acUon  of  pour, 
ing  ofi^  the  clearer  part  of  a  fluid  by  gendy 
indining  the  vessd  after  the  grosser  parta  have 
been  suffered  to  subside; 

DECOCTION.  The  operation  of  boiling. 
This  term  is  likewise  used  to  denote  the  fluid 
itsdf  ,  whidi  has  been  made  to  take  up  certain 
soluble  prindples  by  boiling.  Thus  we  say  a 
decoction  of  the  bark,  or  other  parts  of  vegeta- 
bles, oi£  flesh,  &C. 

DECOMPOSITION  is  now  understood  to 
imply  the  separation  of  the  component  parts 
or  pvindples  of  bodies  from  each  other. 

The  decomposition  of  bodies  forms  a  very 
large  part  of  diemical  sdence.  It  seems  pro- 
bable from  the  operations  we  are  acquainted 
with,  that  it  seldom  takes  place  but  in  oon- 
sequence  of  some  oombinadon  or  oompodtion 
having  been  effected.  .  It  would  be  difficult 
to  point  out  an  instance  of  the  separadon  of 
any  of  tiie  principles  of  bodies  whidi  has  been 
eflfected,  unless  in  consequence  of  some  new 
oombinadon.  The  only  exoepdona  seem  to 
consist  in  those  separations  which  are  made  by 
heat,  and  voltaic  dectridty.  See  Analysis, 
Oa8,  Metals,  Obks,  Salts,  Mineral 
Waters. 

DECREPITATION.  The  crackling 
noise  which  several  salts  make  when  suddenly 
heated,  accompanied  by  a  violent  exfoliation 
of  thdr  parddes.  This  phenomenon  has  been 
ascribed  to  the  **  sudden  converdon  of  the 
water  which  they  contain  into  steam.*'  But 
the  very  example,  sulphate  of  bary  tea,  to  which 
these  words  are  applied,  is  the  strangest  evi- 
dence of  the  frdaeness  of  the  explanat^ ;  for 
absdutdy  dry  sulphate  of  barytes  decrepitates 
furioody  without  any  posdble  formadon  of 
steam,  or  any  Ion  of  weight.  The  same  thing 
holds  with  regard  to  common  salt,  calcareous 
spars,  and  sulphate  of  potash,  wldch  contain 
no  water.  In  foct,  it  is  the  salts  which  are 
anhydrous,  or  desdtute  of  water,  which  decre- 
pitate most  powerfully;  diose  that  coutain 
water  generally  enter  into  tranquil  liquefocdon 
on  bdng  heated.  Salto  decrepitate,  for  the  same 
reason  that  glasa,  quartz,  and  cast-iron  crafik, 
with  an  explodve  force,  when  very  suddenly 
heated ;  namdy,  from  the  unequal  expansioii 
of  the  lamina  whidi  compose  them,  in  conse- 
quence  of  their  b^ig  imperfect  conductors  of 
heat.  The  true  deavage  of  minerals  may  often 
be  detected  in  this  way,  for  they  fly  asunder 
at  their  natoral  fisMies. 

DELPHINITK.    See  Fistacite. 

DELPHINIA.  A  new  vsgetaUe  alkali 
recent^  diMOvered  by  MM.  Lassdgne  and 
Feneuue,  in  die  Jklj^iiMum  ttoj^tagria,  or 
Stavesacre.    It  is  thus  obtained : 

The  seeds,  deprived  of  thdr  hudcs,  and 
Riound,  are  to  be  boiled  in  a  small  quantity  of 
distilled  watcr«  and  then  pressed  in  a  doth. 
The  dsoocdml  U  to  belRteied,  and  boiled  for 
a  fow  ndBMSe  widi  purs  magneda;    It  must 
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Am  be  reJUterad,  and  the  miduum  left  on 
the  filter  is  to  be  well  washed,  and  then  boiled 
with  highly  rectified  alcohol,  which  dissolves 
out  the  allodi.  By  evaporation,  a  white  pul- 
verulent substance,  presenting  a  few  oystaUine 
points,  is  obtained* 

It  may  also  be  procured  by  the  action  of 
dilute  sulphuric  acid,  on  the  braised  but  un- 
shelled  seeds.  The  solution  of  sulphate  thus 
formed  is  precipitated  by  subcarbonate  of 
potash.  Alcohol  separates  from  this  precipitate 
the  vegetable  alkali  in  an  impure  state. 

Pure  delphtnia  obtained  by  the  first  process 
is  crystalline  while  wet,  but  becomes  opaque 
on  exposure  to  air.  Its  taste  is  bitter  and  acrid. 
When  heated  it  melts ;  and  on  cooling  becomes 
hard  and  brittle  like  resin.  If  more  highly 
heated,  it  blackens  and  is  decomposed.  Water 
dissolves  a  very  small  portion  of  it  Alcohol 
and  ether  dissolve  it  very  readily.  The  alco- 
holic solution  renders  syrup  of  violets  green, 
and  restores  the  blue  tint  of  litmus  reddened 
by  an  add.  It  forms  soluble  neutral  salts  with 
acids.  Alkalis  precipitate  the  ddphinia  in  a 
white  gdaunousatate,  like  alumina. 

Sulphate  of  ddphinia  evaporates  in  the  aur, 
.does  not  crystallize,  but  becomes  a  transparent 
mass  like  gum.  It  dissolves  in  alcohol  and 
water,  and  its  solution  has  a  bitter  acrid  taste. 
In  the  voltaic  circuit  it  is  decomposed,  giving 
up  its  alkali  at  the  negative  pole. 

Nitrate  of  ddphinia,  wlien  evaporated  to 
.  dryness,  is  a  ydlow  crystalline  mass.  If  treated 
with  excess  of  nitric  siod,  it  becomes  converted 
into  a  yellow  naatter,  little  soluble  in  water, 
but  soluble  in  boiling  alcc^ol.  This  acdudcn 
is  bitter,  is  not  predpitated  by  potash,  ammo- 
nia,  or  ]im&.water,  and  appears  to  contain  no 
nitric  add,  though  itsdf  is  not  alkaline.  It  is 
not  destzoyed  by  fiirther  quantities  of  add, 
nor  does  it  form  oxalic  acid.  Strychnia  and 
morphia  take  a  red  colour  from  nitric  add,  but 
ddphinia  never  does.  The  mariate  is  very 
soluble  in  water. 

The  acetate  of  ddphinia  does  not  crystal- 
lise, but  forms  a  haid  transparent  mass,  bitter 
and  aerid,  and  readily  decomposed  by  cold 
snlpbaiie  add.  The  oxakte  foims  small 
^ite  plates,  resembling  in  taste  the  preceding 
salts. 

Ddphinia,  calcined  with  otxide  of  ooppta, 
^ve  no  other  gas  than  carbonic  add.  It  ex- 
ists in  the  seeds  of  the  stavcsaoe,  in  combina- 
tion with  malic  add,  and  assodated  with  the 
following  piindples :  1.  A  brown  bitter  prin- 
dple,  predpitaUe  by  acettUe  of  lead.  2.  Vo- 
htiU  oa.  3.  Fixed  ofl.  4.  Alhamcn.  6.  Ani- 
natter.  6.  Mucus.  7*  Saccharine 
a  Ydlow  bitter  ptindple,  not  prcd- 
pliable  by  soeute  of  lead.  9.  Mineral  salts.— 
Amale$  dt  CMmk  ei  de  Phynq^  voL  zii. 
p.  858* 

DfililQUBSCSNCE.  The  tpoiitaaeons 
awinipUiin  of  the  Md  sute  by  entain  t^ 
Jim  f»bslHMt%  when  left  oammd  te  the 


air,  in  conae^uence  of  the  water  they  atinrt 
from  it 

D£PHL£GMATION.  Any  method  bj 
which  bodies  are  deprived  of  water. 

D£PHLOGISTICAT£D.  A  term  of 
the  old  chemistry,  implying  deprived  of  pUe- 
giston,  or  the  inflammable  prindple»aDd  nearly 
synonymous  with  what  is  now  expieased  by 
oxygenated^  or  osidixed, 

DEPHLOQISTICAT£D  AIR.  Oxy. 
gengas. 

D£RBYSHIRE  SPAR.  A  oombmatioD 
of  calcareous  earth  with  a  peculiar  add  called 
the  Fluoric,  which  see. 

DESICCATION  is  moat  elegantly  accon- 
plished  by  means  of  the  air>*pamp  and  sal- 
phuric  add,  as  is  explained  under  CovoK- 

LATIOM. 

DESTRUCTIVE      DISTILI4ATION. 

When  organised  substfcances,  or  their  products, 
are  expond  to  distillation^  until  the  whole  hai 
suffered  all  that  the  furnace  can  dfed,  the 
process  is  called  destructive  disUllatiKin. 

DETONATION.  A  sudden  oombostian 
and  explosion.    See  Comjivstion,   Fvl- 

MI  HAT  I  NO  P0WDSR8,  and  OVHPOW2>£R. 

DEW.  The  moistare  insensibly  deposited 
from  the  atmosphere  on  the  surface  of  the  earth. 

The  first  &cts  which  eould  lead  tt>  the  just 
explanation  of  this  interesting,  and,  till  very 
lately,  inexplicable  natural  ^enomcnon,  are 
due  to  the  late  Mr.  A.  Wilson,  profesaor  of 
astronomy  in  GLugow,  and  his  son.  Thefint 
stated,  in  the  PUl.  Trans,  for  1771,  that  on 
a  winter  nig^  during  which  the  atmosphcfe 
was  several  times  miaty  and  dear  altematdy, 
he  observed  a  thermometer,  so^[»ended  in  the 
air,  always  to  rite  £rom  a  half  to  a  whole  de- 
me,  whenever  the  foruMr  state  began,  and  to 
uU  as  mudi,  as  soon  as  the  weaSier  became 
serene.  Dr.  Fktriek  Wilson  eommunicnted, 
in  1786,  to  the  Royal  Sodety  of  Edinboigh, 
a  valuable  paner  en  hoar-finit,  which  was 
published  hi  ttie  first  voloine  of  their  Tmos- 
actiona.  It  is  replete  with  new  and  valaabfe 
obsemtiona,  whose  minnte  accoiacy  anbea- 
qnent  ei^crieuee  has  confirmed.  Dr.  Wilaw 
had  previously,  in  1781,  described  the  foifcee 
of  snow,  dnring  a  dear  and  cdm  nig|it»  to  be 
\iP  colder  dian  air  two  fieet  above  it|  a»d  ift 
the  above  paper  he  shows,  that  the  dsyndriiw 
of  dew  and  hosi^ftoat  is  unifonnly  •coomp*- 
aiedwiththenodoctiflnofodld.  Hewaathe 
first  among  phileaophlcal  dbawers  who  n^ 
tioed  this  oonianeiiiNk  Bttt  the  difibaent  fiiree 
with  whidi  diffiaant  soifaees  prqject  or  ndiate 
heat  bdng  then  onknevn,  Dr.  Wilnon  eould 
not  trace  the  phenemena  of  dew  o^  to  thdr 
liltioate  sooree.  This  important  eoptsiba- 
tion  to  sdcDce  haa  been  hrtaly  made  by  Dr. 
Wells,  in  his  very  ingenious  and  maetedy- 
essayondew. 

1.  PhmomeM  if  Dew* 

Aristotle  jiiMlp  Wi^isil.  that  4ew jqpfMais 
enly.fln  eahn-Md  dMrnifhH^    Di.  WeUf 
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shaws  that  wery  little  is  ever  deposited  in  op- 
posite dicumstanoes ;  and  thai  Iktie  only  when 
the  douds  are  very  hi^.  It  is  never  seen  on 
nights  both  cloudv  and  windy ;  and  if  in  the 
course  of  the  night  the  weather,  from  being 
serene,  should  become  daik  and  stonny,  dew 
vhich  had  been  deposited  will  disappear.  In 
calm  weather,  if  the  sky  be  partially  covered 
with  clouds,  more  dew  will  appear  than  if  it 
were  entirdy  uncovered. 

Dew  probably  bi^jins  in  the  country  to  ap^ 
pear  upon  grass,  in  pboes  shaded  from  the 
sun,  durinz  clear  and  calm  weather,  soon  after 
the  heat  of  the  atmosphere  has  declined,  and 
continues  to  be  deposited  through  the  whole 
night,  and  for  a  little  after  sunrise.  Its  quan- 
tity will  depend  in  some  measure  on  the  pm- 
.pcortion  of  moisture  in  the  atmosphere,  and  is 
consequently  greater  after  rain  than  after  a 
]ong  tract  of  dry  weather ;  and  in  Europe,  with 
southerly  and  westerly  irinds,  than  with  those 
which  blow  from  the  north  and  the  east.  The 
direction  of  the  sea  determines  this  relation  of 
the  winds  to  dew.  For  in  Bgypt,  dew  is 
scarcely  ever  observed  except  whUe  the  north, 
erly  or  Etesian  winds  prevail.  Hence  also 
dew  is  generally  move  abundant  in  spring  and 
autumn,  than  in  summer.  And  it  is  always 
very  copious  on  those  dear  nights  which  are 
followed  by  misty  mornings,  which  show  tl^ 
air  to  be  loaded  with  moisture.  And  a  dear 
moming^  following  a  doudy  night,  determines 
a  plentiful  deposition  of  the  retained  vapour. 
When  warmth  of  atmosphere  is  compatible 
with  clearness,  as  is  the  case  in  southern  lati. 
tudes,  thou^  sddom  in  our  country,  the  dew 
becomes  much  more  copious,  because  the  air 
then  contains  more  moisture.  Dew  continues 
to  form  with  increased  coplousnew  as  the 
Bight  advances,  from  the  increased  refrigera- 
tioQ  of  the  ground. 

2.  ()m  the  catue  of  dew. 

Dew,  acooiding  to  Aristotle,  is  a  spedes  of 
tain,  formed  in  the  lower  atmosphere,  in  coiv- 
sequence  of  its  mcasture  bdng  condensed  by 
the  cold  of  the  night  into  minute  drapa.  Opt- 
nima  of  this  kind,  says  Dr.  Wells,  are  still 
cotortained  by  many  persona,  among  whom  is 
die  very  iogoiious  Processor  Leslie.  (RekU. 
9fHeai  and  Moisture^  p.  37.  and  132.)  A 
&ct,  however,  fast  taken  notice  of  by  Oostin, 
who  published  bis  treatise  on  dew  in  1773, 
pKwes  them  to  be  erroneous ;  for  he  found  that 
bodies  a  little  elevated  in  the  atr  often  become 
aunst  with  dew,  while  simikt  bpdiei,  lying  on 
the  ground,  remain  dry,  though  necMSarily, 
from  their  podtion,  at  liable  to  be  wetted,  ^ 
wfaatevex  uUs  from  the  heavens,  as  tihe  former. 
The  above  notion  is  perfectly  lefnted  by  what 
win  presently  appear  rdative  to  metallic  sur- 
fsees  exposed  to  the  air  in  a  horizontal  po- 
sitioD,  whicfa  remain  dry,  while  every  t^ing 
around  them  is  covered  with  ^ew. 

After  a  long  periift  of  drought,  when  the 
sir  was  very  stiU  iBd  the  sky  serene.  Dr. 


Wells  exposed  to  the  sky,  28  minutes  before 
sunset,  previoudy  weighed  parcels  of  wool 
and  swandowo,  upon  a  smooth,  unpainted, 
and  perfectly  dry  fir  table,  5  feet  long,  3  broad, 
and  nearly  3  in  height,  which  had  been  placed 
an  hour  before,  in  the  sunshine,  in  alaige  levd 
grass  6dd.  The  wool,  12  minutes  after  sun- 
set, was  found  to  be  14*>  colder  than  the  air, 
and  to  have  acquired  no  weight  The  swan- 
down,  the  quantity  of  which  was  much  greater 
than  that  of  the  wool,  was  at  the  same  time 
130  colder  than  the  air,  and  was  also  without 
any  additiond  we^ht.  In  20  minutes  more, 
the  swandown  was  14^  colder  than  the  neigh- 
bouring air,  and  was  still  without  any  increase 
of  its  weight.  At  the  same  thne  the  grass 
was  15<>  colder  than  the  air  four  feet  above  the 
ground. 

Dr.  Wells,  by  a  copious  induction  of  facta, 
derived  fkom  observation  and  experiment, 
establishes  the  proposition,  ihat  hodicM  become 
colder  Ihan  the  neighbouring  air  before 
ihey  are  dewed*  The  cold  therefore  which 
Dr.  WiLMHi  and  Mr.  Six  conjectured  to  be  the 
effect  of  dew,  now  appears  to  be  its  causOi 
But  what  makes  the  terrestrid  surface  colder 
than  the  atmosphere  ?  The  radiation  or  pro- 
jection of  beat  into  free  space.  Now  the 
researches  of  Professor  Leslie  and  Count  Rum- 
ford  have  demonstrated,  that  different  bodies 
pyoject  heat  with  very  different  degrees  of 
force. 

In  the  operation  of  this  prindple,  therefore, 
conjoined  with  the  power  of  a  concave  mirror 
of  dond,  or  any  other  awnuig,  to  reflect  or 
throw  down  again  those  cdorific  emanatioos 
which  would  be  dissipated  in  a  dear  sky,  we 
shall  find  a  sdution  of  the  most  mysterious 
phenomena  of  dew.  Two  drctrnistances  must 
here  be  eonsidcKed :— - 

1.  Tbe  exposure  of  the  particular  surface  to 
be  dewed,  to  the  free  aspect  of  the  sky. 

2.  The  peculiar  rsdiadng  power  of  the  sur- 
.faoe»  1.  Whatever  diminfohes  the  view  of  the 
sky,  as  seen  from  the  exposed  body,  obstrucu 
the  depression  of  its  temperature,  and  occa- 
sions the  quantity  of  dew  formed  upon  it  to 
be  less  than  wooM  have  occurred,  if  the  ex- 
po4«nre  to  the  sky  h«4  been  complete. 

Dr.  WeUs  bent  a  sheet  of  pasteboard  into 
the  shape  of  a  penthouse,  making  the  angle  of 
flexure  90  dqjrees,  and  leaving  both  ends 
open.  This  vas  placed  one  evening  with  ito 
ridge  uppermost,  upon  a  grass  plat  in  the  di- 
rection of  the  Kdnd,  as  well  4s  this  could  be 
aseertaiocd*  He  then  laid  1 0  grains  of  white, 
and  moderately  flue  wool,  not  artificially  dried, 
on  the  middle  part  of  that  spot  of  the  grass 
whldi  was  sheltered  by  the  loof,  and  the  same 
qHantity  op  (inother  part  of  the  glass  plat, 
f^lly  exposed  to  the  sky.  In  the  morning 
the  shekcf^d  wool  was  Ipuod  tp  have  increnMd 
in  weight  only  2  grdns,  but  that  which  had 
been  exposed  to  the  sky  16  grains.  He  varied 
the  experiment  on  the  san^c  night,  by  pladng 
c  c  2 
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upright  on  the  grass  plat  a  hollow  cylhider  of 
baked  clay,  I  foot  diameter,  and  2^  feet  high. 
On  the  grass  round  the  outer  edge  of  the  cy. 
linder,  were  laid  10  grains  of  wool,  which  in 
this  idtuation,  as  there  was  not  the  least  wind, 
would  have  received  as  much  rain  as  a  like  quan. 
tity  of  wool  fully  exposed  to  the  sky.  But  the 
quantity  of  moisture  acquired  bj  the  wool  par- 
tially  screened  by  the  cylinder  from  the  aspect 
of  the  sky,  was  only  about  two  grains,  while 
that  acquired  by  the  same  quantity  fully  ex- 
posed, was  16  grains.  Repose  of  a  body 
seems  necessaiy  to  its  acquiring  its  utmost 
coolness,  and  a  full  dcposite  of  dew.  Gravel 
walks  and  pavements  project  heat,  and  acquire 
dew,  less  readily  than  a  grassy  surface.  Hence 
wool  placed  on  the  former  has  its  tempera- 
ture  less  depressed  than  on  the  latter,  and 
therefore  is  less  bedewed.  Nor  does  the  wool 
here  attract  moisture  by  capillary  action  on  the 
grass,  for  the  same  effect  happens  if  it  be 
placed  in  a  saucer.  Nor  is  it  by  hydrometiic 
attraction  ;  for  in  a  doady  night,  wool  placed 
on  an  elevated  board  acquired  scarody  any  In- 
crease of  weight. 

If  wool  be  insulated  a  few  feet  from  the 
ground  on  a  bad  conductor  of  heat,  as  a  board, 
it  will  become  still  colder  than  when  in  con- 
tact with  the  earth,  and  acquire  fully  more 
dew  than  on  the  grass.  At  the  windward  end 
of  the  board,  it  is  less  bedewed  than  at  the 
sheltered  end,  because,  in  the  former  case,  its 
temperature  is  nearer  to  that  of  the  atmo- 
^here.  Hough  and  porous  surfaces,  as  shavings 
of  wood,  take  more  dew  than  smooth  and  solid 
wood ;  and  raw  sUk  and  fine  cotton  are  more 
powerful  in  this  respect  than  even  wooL  Glass 
projects  heat  rapidly,  and  is  as  rapidly  coated 
with  dew.  But  bright  metals  attract  dew 
much  less  powerfully  than  other  bodies.  If 
we  coat  a  piece  of  glass,  partially,  with  bright 
tin-fbil,  or  silver  leaf,  the  uncovered  portion 
of  the  glass  quickly  becomes  cold  bv  racuation, 
on  exposure  to  a  dear  nocturnal  sky,  and  ac 
quires  moisture;  which,  b^inning  on  those 
parts  most  remote  from  the  metal,  gradually 
approaches  it  Thus  also,  if  we  coat  out- 
wardly a  portion  of  a  window  pane  with  tin- 
foil,  in  a  dear  night,  then  moisture  will  be 
deposited  inside,  on  every  part  except  opfKwite 
to  the  metaL  But  if  the  metal  be  faiside,  then 
the  glass  under  and  beyond  it  will  be  sooner 
or  most  copiously  bedewed.  In  the  first  case, 
the  tin.foil  prevents  the  glass  under  it  from 
dissipating  its  heat,  and  therefore  it  can  reodve 
no  dew ;  m  the  seoood  case,  the  tin-foil  pre- 
vents the  jAuB  whidi  it  coats  from  receiving 
the  calori£  influence  of  the  apartment,  ana 
hence  it  is  sooner  reftigerated  by  eztetnal  ra- 
diation than  the  rest  of  the  pane.  Gold,  silver, 
copper,  and  tfa^  bad  radiators  of  heat,  and  ex- 
eeUent  oonducton,  acquire  dew  with  greater 


diflSculty  than  platina,  which  is  a  more  im. 
perfect  conductor;  or  than  lead,  zinc,  and 
steel,  which  are  better  radiators. 

Hence  dew  whidi  has  formed  upon  a  metal 
will  often  disappear,  while  other  substances  in 
the  neighbourhood  remain  wet ;  and  a  metal, 
purposdy  moistened,  will  become  dry,  while 
neighbouring  bodies  are  acquiring  mobture. 
This  repulsion  of  dew  is  conomunicated  by 
metals  to  bodies  in  contact  with  or  near  chem. 
Wool  laid  on  metal  acquires  less  dew  than 
wool  laid  on  the  contiguous  grass. 

If  the  night  becomes  doudy,  after  having 
been  very  dear,  though  there  be  no  change  with 
respect  to  calmness,  a  considerable  alteradoo 
in  the  temperature  of  the  grass  always  ensues. 
Upon  one  such  night,  the  grass,  afUr  haria^r 
been  \79  colder  than  the  air,  became  only  ^ 
colder ;  the  atmospheric  temperature  being  the 
same  at  both  observations.  On  a  ujcodA 
night,  grass  became  9*  warmer  in  the  space 
of  an  hour  and  a  half.  On  a  third  night,  in 
less  than  45  minutes  the  temperatuze  oi  the 
grass  rose  15o,  while  that  of  the  ndghbouiiog 
air  increased  only  3^.  During  a  fourth  night, 
the  temperature  of  the  grass,  at  half  past  *J 
o^dock,  was  32*.  In  20  minutes  afterwards, 
it  was  found  to  be  39<*,  the  sky  in  the  mean 
time  having  become  cloudy.  At  the  end  of 
20  minutes  more,  the  sky  being  clear,  the 
temperature  of  the  grass  was  again  32^.  A 
thermometer  lying  on  a  grass  pTat  will  some* 
times  rise  several  degrees,  when  a  cload  coma 
to  occupy  the  zenith  of  a  dear  sky. 

When,  during  a  dear  and  still  night,  dif- 
ferent thermometers,  placed  indifiTerent  situa- 
tions, were  examined  at  the  same  time,  those 
which  were  situated  where  most  dew  was 
formed  were  always  found  to  be  the  lowest. 
On  dewy  nights  the  temperature  of  the  earth, 
half  an  inch  or  an  inch  beneath  the  surface,  is 
always  found  much  wanner  than  the  grass 
upon  it,  or  the  air  above  it  The  difiercnccs 
on  five  such  nights  were  from  12  to  16  de- 
grees. 

In  making  experiments  with  thermomcten 
it  is  necessary  to  coat  their  bulbs  with  silver 
or  gold  leaf,  otherwise  the  glassy  surface  in- 
dicates a  lower  temperature  than  that  of  the 
air,  or  the  metaUic  plate  it  toudies.  Swan- 
down  seems  to  exhibit  greater  cold,  on  ex- 
posure to  the  aspect  of  a  dear  sky,  than  any 
thing  dse.  When  grass  is  14*  bdow  the  at- 
mospheric temperature,  swandown  is  com- 
monly ld«.  Fredi  unbroken  straw  and  shreds 
of  paper  rank  in  this  respect  with  swandown. 
Charcoal,  lampblack,  and  rust  of  iron,  are  also 
very  productive  of  odd.  Snow  stands  4*  or 
5»  higher  than  swandown  laid  upon  it  in  s 
dearnisht. 

The  following  tabular  view  of  observatioos 
by  Dr.  Wdls  is  peculiar  instructive :.. 
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The  tempcfature  always  fUb  in  dear  nig^ta, 
but  the  deposition  of  dew,  depending  on  the 
moiiiture  of  the  air,  may  oceur  or  not  Now, 
if  cold  were  the  ^ect  of  dew,  the  cold  con- 
nected  with  dew  ought  to  be  always  propor- 
tional to  the  auantity  of  that  fluid ;  but  this 
ia  contradlctea  by  expeiienoe.  On  the  other 
band,  if  it  be  granted  that  dew  is  water  pre- 
cipitated from  the  atmosphere  by  the  am  of 
the  body  on  which  it  appears,  the  same  degree 
of  cold  in  the  predpitatinff  body  may  be  at- 
tended with  much,  with  lit3e»  or  with  no  dew, 
accovdiog  to  the  existing  state  of  the  air  in 
regard  to  moisture ;  all  <tf  which  drcomstanoes 
are  found  really  to  take  place.  Tlie  actual 
'    I  of  dew,  indeed,  ought  to  evolTe 


A  very  few  degrees  of  difference  of  tempera- 
ture between  the  grass  and  the  atmosphere  is 
suffident  to  determine  the  fonnation  of  dew, 
when  the  air  is  in  a  proper  state.  But  a  dif- 
ference of  even  SO**,  or  more,  sometimes  exists, 
by  the  radiadon  of  heat  from  the  earth  to  the 
heavens.  And  hence,  the  air  near  the  refrige- 
rated surface  must  be  colder  than  that  some- 
what devated.  Agreeably  to  Mr.  Six^s  ob- 
serradons,  the  atmosphere,  at  the  height  of 
220  feet,  is  often,  upon  such  nights,  10° 
warmer  than  what  it  is  seven  feet  above  the 
ground.  And  had  not  the  lower  air  thft  im- 
parted some  of  its  heat  to  the  surface,  the 
latter  would  have  been  probably  40*  under 
the  temperature  of  the  air. 

Insulated  bodies,  or  promment  pdnts,  axe 
sooner  covered  with  hoar-frost  and  dew  than 
others;  because  the  equilibrium  of  their  tem- 
perature  is  more  difficult  to  be  restored.  As 
aerial  stillness  is  necessary  to  the  coding  effect 
of  radiation,  we  can  understand  why  the  hurt- 
ful effects  of  cold,  heavy  fogs,  and  dews,  occur 
chiefly  in  hollow  and  confined  places,  and  less 
frequently  on  hills.  In  like  manner,  the  leaves 
of  trees  often  remain  dry  throughout  the  nisht, 
while  the  blades  of  grass  are  covered  with  dew. 

No  direct  experiments  can  be  made  to  as- 
certain the  manner  in  which  douds  prevent 
or  lessen  the  appearance  of  a  odd  at  nisht, 
upon  the  surface  of  the  earth,  greater  than 
that  of  the  atmosphere.  But  it  may  be  con. 
duded  from  the  precediug  observations,  that 
they  produce  this  efiect  almost  entirdy  by 
Tsdisting  heat  to  the  earth,  in  return  for  that 
which  they  intercept  in  its  pr^rcu  ^^oin  (he 
earth  towards  the  heavens.  The  heat  cxtri- 
CAtcd  by  the  condmsalion  of  transparent  va- 


pour into  doud  must  sooq  be  dissipated; 
whereas,  the  effixt  of  sreatly  lesBcning,  or 
preventing  altogether,  uie  appearsoce  of  a 
greater  ooU  on  the  earth  than  ttiat  of  the  air, 
will  be  produced  by  a  doudy  sky  during  the 
whole  of  a  long  night 

We  can  thus  explain  in  a  mora  satiafiictory 
manner  than  has  usually  been  done,  the  sudden 
warmth  that  is  felt  in  winter,  when  a  fleece  of 
douds  supervenes  in  dear  frosty  weadier.  Che- 
inists  ascribed  this  sudden  and  powerful  change 
to  the  disengagement  of  the  latent  heat  of  the 
condensed  vapours ;  but  Dr.  Wdls*8  diermo- 
metric  observations  on  the  sudden  alternations 
of  temperature  by  doud  and  deamess  render 
that  opinion  untenable.  We  find  the  atmo- 
sphere  itsdf,  indeed,  at  moderate  elevations,  of 
pretty  unifbrm  temperature,  while  bodies  at 
the  surface  of  the  ground  suffer  great  variations 
in  their  temperature.  This  single  fact  is  fatal 
to  the  hypotnesiB  derived  from  Uie  doctrines  of 
latent  heat. 

''I  had  oaen,*'  says  Dr.  Wells,  "smiled, 
in  the  pride  of  half  knowledge,  at  the  means 
frequently  employed  by  gardeners  to  protect 
tendor  plants  nom  cdd,  as  it  appeared  to  me 
impossible  that  a  thin  mat,  or  any  such  flimsy 
substance,  could  prevent  them  from  attaining 
the  temperature  of  the  atmosphere,  by  wliiw 
alone  I  thoosht  them  liable  to  be  injured. 
But  when  I  had  learned,  that  bodies  on  the 
surface  of  the  earth  become,  durmg  a  stiU  and 
serene  night,  colder  than  the  atmosphere,  by 
radiating  their  heat  to  the  heavens,  I  percdved 
immediately  a  just  reason  for  the  practice 
whidi  I  had  before  deemed  useless.  Bdng 
desirous,  however,  of  acquiring  some  precise 
information  on  this  subject,  I  fixed  perpen* 
dicolarl^,  in  the  earth  of  a  grass  plat,  four 
small  sticks,  and  over  their  upper  extremities, 
which  were  six  inches  above  the  grsss,  and 
formed  the  comers  of  a  square  whose  sides 
were  two  feet  long,  I  drew  Oghtly  a  very  thbi 
cambric  handkodiief.  In  mis  dlspoution  of 
things,  therefore,  nothing  existed  to  prevent 
the  free  passage  of  air  from  the  exposed  grass 
to  that  which  was  shdtered,  except  the  four 
small  sticks,  and  there  was  no  substance  to 
radiate  downwards  to  the  latter  gnun,  except 
the  cambric  handkorchief." 

The  shdtered  grass,  however,  w<is  found 
nearly  of  the  same  temperature  as  the  air,  while 
the  unsheltered  was  6*^  or  more  colder.  One 
night  the  fully  exposed  grass  was  ]  I«  colder 
than  the  air ;  but  the  shdtered  grass  was  only 
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3*  colder.  Hence  we  see  the  power  of  a  very 
•light  awning  to  avert  or  lessen  the  injurious 
coMnest  of  the  ground.  To  have  the  mil  ad- 
vantage  of  such  protection  fVom  the  chill 
aspect  of  the  skjr,  the  covering  should  not  touch 
the  subjacent  bddies.  Garden  walls  act  paitly 
on  the  same  principle.  Snow  screens  plants 
fxom  this  chilling  radiation.  In  warm  climates, 
the  deposition  m  dewy  moisture  on  animal 
fubstances  hastens  their  putrefactkyi.  As  this 
U  apt  to  happen  only  in  dear  nights,  it  was 
lOiciently  supposed  that  bright  moonshine  fa- 
voured animal  corruption. 

From  this  rapid  emission  of  heat  from  the 
surface  of  the  ground,  we  can  now  explain  the 
formation  of  ice  during  the  nigh(  in  Bengal, 
while  the  temperature  of  the  air  u  above  32*. 
The  nights  most  favourable  for  this  efie^  are 
those  which  are  the  calmest  and  most  serene, 
and  on  which  the  air  is  so  dry  as  to  deposit 
little  dew  after  midnight  Clouds  and  fire, 
quent  changes  of  wind  are  certain  preventives 
o£  congelation.  300  persons  are  employed  in 
this  operation  at  one  place.  The  enclosures 
formed  on  the  ground  are  four  or  five  feet  wide, 
and  have  walls  only  four  inches  high.  In  these 
enclosures,  previously  bedded  with  dry  straw, 
broad,  shallow,  unglazed  earthen  pans  are  set, 
containing  unboiled  pump-water.  Wind,  which 
so  greatly  promotes  evaporation,  prevents  thf 
freezing  altogether,  and  dew  forms  in  a  greater 
or  less  d^ree  during  the  whole  of  the  nights 
most  productive  of  ice.  If  evaporation  wer^ 
concerned  in  the  congelation,  wettbg  the  straw 
would  promote  iu  But  Mr.  Williuns,  in  the 
83d  VOL  of  the  PhiL  Tran^  says,  that  it  is 
tUcessary  to  the  success  of  the  process  that  the 
straw  be  dry.  In  proof  of  this  he  mention^ 
that  when  the  straw  becomes  wet  by  accident 
it  is  renewed ;  and  that  when  he  purposely 
wetted  it  in  some  of  the  enclosures,  the  rorma* 
tion  of  ice  there  was  always  prevent^].  Moist 
straw  both  conducts  heat  and  raises  vapour 
from  the  ground,  so  as  to  obstrua  the  c<Mige. 
lation.  According  to  Air.  Leslie,  water  stands 
at  the  head  of  radlatmg  substances.    See  C a« 

LORIC. 

DIALLAGE.  A  species  of  the  genus 
Schiller  spar.  Diallage  has  a  grass- green 
colour.  It  occurs  massive  or  disseminated. 
Lustre  glistening  and  pearly.  Cleavage  im- 
perfect  double.  Translucent  Harder  than 
fluor  spar.  Brittle.  Sp.  gr.  3-1.  It  melts 
before  the  blowpipe  into  a  grey  or  greenish 
enamd.  Its  constituents  are  50  silica,  ll 
alumina,  6  magnesia,  13  lime,  5.3  oxide  o£ 
iron,  1<5  oxide  of  copper,  7'd  oxide  of  chrome. 
Vauquelin.  It  occurs  in  the  island  of  Corsic^ 
and  in  Mont  Rosa  in  Switzerland,  along  with 
saussurite.  It  is  the  vcrde  di  Corsica  duro  of 
ardsts,  by  whom  it  is  fashioned  into  ring^ 
stones  and  snuff-boxes.  It  is  the  smaragdite 
of  Saussure. 

The  diallage  in  the  rock  is  called  gabbro^ 
DIAMOND.     Colours  white  and  grey. 


also  red,  brown,  ydlow,  green,  blue,  and  black. 
The  two  last  are  rare.  When  cut  it  adhibits 
a  beautiAil  play  of  ooloms  in  the  sunbeam .  ft 
occurs  in  roiled  pieces,  ftnd  aho  diystrflized. 
1st,  In  the  octohedron,  in  whidi  eadi  plane  is 
inclined  to  the  adjacent,  at  an  angle  of  109* 
28'  16^  The  feces  are  usually  curvilinear. 
This  is  the  fundamental  figure.  2d,  A  aim. 
pie  three-sided  pyramid,  truncated  on  all  the 
angles.  3d,  A  segment  of  the  octohedran. 
4th,  Twin  oystaL  6th,  Octohednm,^  widi  all 
the  edges  truncated.  6th,  Octohedran,  flatly 
|>eveUQd  on  aU  tlie  edges.  7th,  Rbomboidal 
dodecahedron.  8th,  &tdhedron  with  oonrex 
£eu»s,  in  which  each  is  divided  into  three 
triangular  ones,  forming  altogether  24  faces. 
9th,  Octohedron,  in  which  e^h  convex  fiace 
is  ^vided  into  six  planes,  forming  48  m  aU. 
1 0th,  Rbomboidal  dodecahedron,  with  dia- 
gonally  broken  planes,  llth,  A  flat  double 
three-sided  pyramid.  12th,  Very  flat  double 
three-sided  pyramid,  with  cylindrical  convex 
fitces.  13th^  Very  flat  double  six-sided  py- 
ramid. 14th,  Cube  truncated  on  the  edges. 
Crystal  small.  Surface  rough,  uneven,  or 
streaked.  Lustre  splendent,  and  internally 
perfect  adanumtine.  Cleavage  octobedral,  at 
paralld  to  the  aides  of  an  octohedran.  FoIi« 
ated  structure.  Fragments  octohedral  or  tetra- 
hedraL  Semitransparent.  Refracts  single. 
Scratches  all  known  mlnends.  Rather  easily 
frangible.  Streak  grey.  Sp.  gr.  3-4  to  3-& 
It  consists  of  pure  carbon,  as  we  shall  pre* 
sently  demonstrate.  When  rubbed,  whether 
in  the  rough  or  polished  state,  it  shows  po&l. 
tive  dectricity :  whereas  rouoh  quartz  afibrdii 
negative.  It  becomes  phospkorescent  on  ex- 
posure to  the  sun  or  the  dectric  ^ark,  and 
shines  with  a  fiery  light  In  its  power  c^  re- 
fracting light  it  is  exceeded  only  by  red  lead 
ore,  and  orpiment.  It  reflects  all  the  %ht 
foiling  on  its  posterior  surface  at  an  angle  of 
inddenee  ^ater  than  24*  13',  whence  its* 
ffreat  lustre  is  derived.  Artificial  gems  reflect 
the  half  of  this  light  It  occurs  in  imbedded 
grains  and  crystals  in  a  sandstone  in  Brazil, 
which  rests  on  chlorite  and  day-skte.  In 
India  the  diamond  bed  of  day  is  underneath 
beds  of  red  or  bluish-black  day :  and  also  in 
alluvial  tracts  both  in  India  and  BraziL  For 
the  mode  of  workine  diamond  mines,  and 
cutting  and  polishing  aiamonds,  consult  Jame- 
Mon*g  mineralogy^  voL  L  p.  11. 

The  diamond  is  the  most  valued  of  aU 
minerals.  Dr.  M^oUaston  has  explained  the 
cutting  principle  of  glaziers*  diamonds,  with 
his  accustomed  sagacity,  in  the  PhiL  Trans, 
for  1816. 

The  weight,  and  oonsequently  the  valoe  of 
diamonds,  is  estimated  in  carats,  one  of  which 
is  equal  to  four  grains ;  and  the  price  of  one 
diamond,  compared  to  that  of  another  of  equal 
colour,  transparency,  nudity,  form,  &^c.  is  as  iljc 
squares  of  the  respective  vdghu.  The  average 
price  of  rough  diamonds  tlist  are  worth  work- 
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ixiR,  it  ftbOttD  £.2  hi  tbo  fim  cMntL  Tkt 
Tdhi*  of  a  Gttl  diamond  besng  equal  to  that  of 
a  rough  diamond  of  double  weidht,  ezclunve 
of  the  piiee  of  watkmanship,  we  eoit  of  a 
wTougfat  diamond  of 

1  caxatia  ^B^ 

2  da.  ii  2*  X  £.8»  =  32 
8  do.  ia  d<  X  £.8,  =  72 
4  do.   is      4*  X  £.8,  =    128 

100  da  is  100*  x  £.8,  =  80000. 

Thii  rule,  Uowever,  is  not  extended  to  dk- 
oHnida  of  more  than  20  ewmts.  The  laigei 
ones  are  dlqMeed  of  at  prioei  inferior  to  their 
value  bj  that  eompuution.  The  snow-white 
diamotMl  is  most  highfy  prised  by  the  jeweller. 
If  cnDspaicnt  and  puie,  it  is  said  to  be  of  the 
fint  water. 

The  eant  gndn  is  different  fbom  the  Troy 
gnin.  166  caiais  make  up  the  weight  of  one 
OS.  Troy;  or  619  diamond  grains  are  con. 
tsined  in  the  Troy  ounce. 

From  the  high  reficactive  power  of  the  dia- 
mond. Mil.  Blot  and  Arago  supposed  that  it 
might  contain  hydrogen.  Sir  U.  l>ayy,  from 
the  actioQ  of  notassinm  on  it,  and  its  non- 
ooodoction  of  dectridty,  suggested  in  his  third 
Bakerian  lecture  that  a  minute  portion  of  oxy. 
gen  mig^t  exist  in  it ;  and  in  his  new  experi- 
ments oo  the  fltforic  compounds  he  dnew  out 


ta  be  bdrntf ,  was  sahauslfd  by  an  ^oiltet 
airbpump,  and  pure  oxygen^  from  chloipatt  of 
potash,  was  then  introduced.    The  change  of 
vohiroe  in  the  gas  after  combuatioo  was  esti* 
mated  by  means  of  a  fine  tube  connected  with 
a  stop.«oc]c,  adapted  by  a  proper  screw  to  the 
stmMsock  of  the  globe,  and  the  absorption  was 
judged  of  by  the  quantity  of  mereuiy  that  en- 
tend  the  tube,  which  afRwded  a  measure  so 
exact,  that  no  akeraiion  however  minnta  could 
be  ovsrlooked.    He  had  previously  satisfied 
himself  that  a  quantity  of  moisture,  less  than 
UlOOIh  of  a  grain,  is  lendered  evidsnt  by 
deposilion  on  a  polished  surface  of  glass ;  for 
a  piece  of  paper  weighing  one  gtuo  was  in« 
troduced  into  a  tube  ^  about  four  cubic  inches 
capidtf ,  whose  extsrioif  was  slightly  bsafeed  hy 
»  candle.  A  dew  was  immediately  peicepdUb 
on  the  inside  of  the  ^asa,  though  the  paper, 
when  weighed  in  abalance  turning  with  1-lOOth 
of  a  grain,  indicsted  no  appreaable  •diuintt-. 
tion. 

The  diamonds  were  always  heated  to  red^ 
mess  before  they  were  introduced  into  the  csp* 
snle.  During  their  combustion,  the  g^ass 
globe  was  Ic^t  cool  by  the  application  of 
water  to  that  part  of  it  immediately  above  the 
capsule,  and  where  the  heat  wa»  greatest. 

From  the  results  of  his  different  experi* 
menus  conducted  with  the  most  unexcepcion- 


die  idea,  that  it  midbt  be  the  carbonaceous  prin-    able  precision,  it  is  demonstrated,  thai  diamond 
cmle,  combined wiui  some  new,  light,  and  subtle    aifords  no  other  substance  by  its  combustion 


etement,  of  the  oxygenous  and  chlmine  class. 

This  excellent  chemist,  during  his  re- 
sidenosat  Florence  in  Match  1814,madesevenl 
expcriooents  on  the  combustion  of  the  diamond 
and  of  ^umbago,  by  means  of  the  great  lens 
ia  the  cabinet  of  namral  history ;  the  same 
instrument  as  that  employed  in  the  first  trials 
on  the  action  of  the  solar  heat  on  the  diamond, 
iastitated  in  1694  by  Conno  III.  Grand  Duke 
of  Tuscany.  He  subsequently  made  a  series 
of  researches  on  the  combustion  of  difibrent 
lands  of  charcoal  at  Rome.  His  mode  of  in- 
vestigation was  peculiarly  elegant,  and  led  to 
the  most  decisive  results. 

He  found  that  diamond,  when  strongly  ig- 
nited  by  the  lens,  in  a  thin  capsule  of  platinum, 
perfcnted  with  many  orifices,  so  as  to  admit  a 
free  circulation  of  air,  continued  to  burn  with 
a  steady  brilliant  red  ^ht,  visible  in  the  bright- 
est sunshme,  afrer  it  was  withdrawn  from  the 
focus.  Some  time  afrer  the  diamonds  wero 
rmuyved  out  of  the  fbcua,  indeed,  a  wire  of 
platina  that  attached  them  to  the  tray  was 
fused,  though  then:  weight  was  only  1-84 
psinSi  His  apparatus  consisted  of  dear  glass 
l^obes  of  the  capacity  of  from  14  to  40  cubic 
inches,  having  sinde  apertures  to  which  stop- 
cocIbb  were  attachra.  A  smaH  hollow  cylinder 
of  i^atinum  was  attached  to  one  end  of  the 
slop-cock,  and  was  mounted  with  the  little 
mnrforated  capsule  for  containing  the  diamond, 
when  the  experimrtft  Uto  to  be  made,  the 
^obe,  containing  tltt  capsulo  and  the  substance 


than  pure  carbonic  acid  gas;  and  that  the 
process  is  merely  a  solution  of  diamond  in 
oxygen,  without  any  change  in  the  volume  of 
the  gas.  It  likewise  appears,  that  in  thei 
combustion  of  the  different  kinds  of  chwooal, 
water  is  produced;  and  that  from  the  dimi- 
nntion  of  the  volume  of  the  oxygen,  there  ia 
every  reason  to  believe  that  the  water  is  foooed 
by  the  combustion  of  hydrogen  existing  ii^ 
strongly  ignited  charcoaL  ^  the  duureoal 
from  ofl  of  turpentine  left  no  residuum,  no 
other  cause  but  the  presence  of  hydrqgen  can 
be  assigned  for  the  diminution  occasioiied  in 
the  volume  of  Ae  gss  during  its  combustion. 
The  only  chemical  difibenoe  nerceptible 
between  diiunond  and  the  purest  diarooal  is, 
that  the  last  contains  a  minute  portion  of 
hydrogen ;  but  can  a  quantity  of  an  dement, 
has  in  some  cases  than  l«50,000th  part  of  the 
weight  of  the  substance,  occasion  so  great  a 
diiferenoe  in  physical  and  chemical  characters  ? 
The  opinion  of  Mr.  Tennant,  that  the  differ- 
ence  depends  on  crystallization,  seems  to  be 
correct.  Transparent  solid  bodies  are  in 
general  non-conductors  of  electricity;  and  it  is 
probable  that  the  same  corpuscular  airange- 
menta  which  give  to  matter  the  power  of 
transmitting  and  poilarising  light,  are  likewise 
connected  with  iu  rdations  to  electricity. 
Thus  water,  the  hydrates  of  the  alkalis,  anJ  a^ 
number  of  other  bodies  whidi  are  conductora 
of  electridty  when  fluid,  become  non-conductors 
in  their  crystaUizod  fmu 
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That  diarooal  b  more  inJlammablff  than  the 
dUonond,  may  he  explained  from  the  loose- 
nets  of  its  texture,  and  from  the  hydrogeo  it 
contains.  Bat  the  diamond  appean  to  burn 
in  oxygen  with  as  much  facility  as  plumbago, 
so  Aat  at  least  one  distinction  supposed  to 
exist  between  the  diamond  and  common  car- 
booaoeotts  sabatanoes  is  done  away  by  these 
tesearches.  The  power  possessed  by  certain 
carbonaceous  substances  of  absorbing  gases, 
and  separatiDg  colouring  matters  from  fluids, 
is  probably  mechanical,  and  dependent  on 
their  porous  organic  structure ;  for  it  belongs 
in  die  highest  degree  to  vegetable  and  aninul 
charcoal,  and  it  does  not  exist  in  plumbago, 
oodL  or  anthracite. 

'  The  nature  of  the  chemicsl  difference  be- 
tween the  diamond  and  other  carbonaceous 
substances  may  be  demonstrated  by  igniting 
them  in  dilorine,  when  muriatic  add  is  pro- 
duced from  the  latter,  but  not  from  the  former. 
The  visible  add  vapour  is  owing  to  the 
moisture  present  in  the  chlorine  uniting  to  the 
dry  muriatic  gas.  But  charcoal,  after  being 
intensely  i^ited  in  chlorine,  is  not  altered  in 
it9  conductmg  power  or  colour.  This  drcum- 
stance  is  in  favour  of  the  opinion,  that  the 
minute  quantity  of  hydrogen  is  not  the  cause 
of  the  gpreat  difibrence  between  the  physical 
properties  of  the  diamond  and  diarooaL 

it  does  not  appear  that  any  sum  exceeding 
one  hundred  and  fifty  thousand  pounds  has 
been  given  for  a  diamond. 

DIASPORE.  This  rare  mineral  has  been 
found  in  a  mass  consisting  of  slishtly  cur- 
vilinear laminsB  of  a  shining  pearly  lustre,  and 
greenish-grey  colour;  as  also  in  cellular 
masses;  4X»nposed  of  slender  crystals  of  a 
pearly  lustrsb  Brown  externally,  but  per- 
fectly transparent  and  colourless  in  thin  Iambus. 
By  Uie  heat  of  a  candle,  it  crackles  and  is  dU» 
perscd  in  mmute  fragments,  whence  its  name 
Dkupore.  It  scratches  glass.  Sp.  giav. 
3L43.  It  consists  of,  alumina  80,  water  17, 
iron  0.3.  Vauquelin.  The  brown  variety 
consists,  according  to  Mr.  Children,  of  alumina 
76.06,  protoxide  of  iron  7-79,  water  14.7, 
loss  1.4a 
BICHROITE.  See  Iolite. 
DIGESTER.  A  strong  and  tight  kettle 
of  iron  or  copper,  fumish«l  with  a  valve  of 
safety,  in  whidi  bodies  may  be  subjected  to 
the  vapour  of  water,  alcohol,  or  ether,  at  a 
pressure  above  that  of  the  atmosphere. 

DIGESTER.  The  digester  is  an  instru- 
ment  invented  by  Mr.  Papin  about  the 
beginning  of  the  last  century.  It  is  a  strong 
vessel  of  copper  or  iron,,  with  a  cover  adapted 
to  screw  on  with  pieces  of  felt  or  paper  inter- 
posed. A  valve  with  a  small  aperture  is  made 
in  the  cover,  the  stopper  of  which  valve  may 
be  more  or  less  loaded,  dther  by  actual 
wdghts,  or  by  pressure  fiom  an  apparatus  on 
Ae  principle  of  the  steelyard. 
'Hie  purpose  of  this  vend  is  to  prevent  the 


Tha 

in  lliia  vessel  is 


of    Jt 


loss  of  heal  by 
power  of  water  wfaea^ 
greatly  increased. 

DIGESTION.      The  slow 
solvent  upon  any  substance. 

DIGESTION.  The  convenion  of  food 
into  chyme  in  the  stomach  of  animals,  by  the 
aolvent  power  of  the  gastric  juice.  Sonae  in- 
teresting researches  have  been  latdy  made  on 
this  subject  by  Dr.  Wilson  Philip  and  Ds. 
Prout. 

Phenomena,  ^e.  qfJ^f^ettUm  in  a  rabHt." 
A  rabbit  whidi  had  been  kept  without  fbad 
for  twdve  hours  was  fed  upon  a  mixtiue  of 
bran  and  oata.  About  two  hours  afkcrwaads 
it  was  killed,  and  examined  immediatdy  while 
stiU  warm,  when  the  fbUowixig  dzcumstanoes 
were  noticed:  The  stomach  was  modeimtdy 
distended,  with  a  pulpy  mass,  which  con- 
sisted of  llie  food  in  a  mmute  state  of  division, 
and  so  intimatdy  mixed,  that  the  difivrect 
articles  of  which  it  was  composed  could  be 
hardy  recognised.  The  digestive  process, 
however,  did  not  appear  to  luive  taken  place 
equally  throughout  the  mass,  but  seemed  to  be 
confined  piindpally  to  the  superficies,  or  wbere 
it  was  in  contact  with  the  stomach.  Tbemidl 
of  this  mass  was  peculiar,  and  difficult  to  be 
describecL  It  might  be  denominated  fatuoua 
and  disagreeable.  On  bdng  wrapped  up  in 
a  piece  of  linen,  and  subjected  to  modente 
pressure,  it  yidded  upwards  of  half  a  fluid 
ounce  of  an  opaque  reddish-brown  fluids 
which  instantlv  reddened  litmus  paper  very 
strongly.  It  instantly  coi^lated  milk,  and, 
moreover,  seemed  to  possess  the  propoiy  of 
rediBolving  the  curd,  and  converting  it  into  a 
fluid,  very  umtlar  to  itsdf  in  appearance^  It 
was  not  cosgulated  by  heat  or  acids;  and,  in 
short,  did  not  exhibit  any  evidence  of  an  albu* 
minout  principk.  On  beinff  evaporated  to 
dryness,  and  burned,  it  yidded  very  copioua 
traces  of  an  alkaline  muriate^  with  slight 
traces  of  an  alkaline  phosphate  and  sulphate  ; 
aim  of  various  earthy  sdts,  as  the  sulphatey 
phos^te,  and  carbonate  of  time. 

.  ''The  first  thhig,**  says  Dr.  P.  '« which 
strikes  the  eve  on  inspecting  the  stomachs  of 
rabbits  which  have  ktdy  eaten,  is,  that  the 
new  is  never  mixed  with  the  old  food.  The 
former  is  always  found  in  the  centxe  sur- 
rounded on  all  8ide»  by  the  old  food,  except 
that  on  the  upper  part  between  the  new  food 
and  the  smaller  curvature  of  the  stomach,  thane 
is  sometimes  little  or  no  old  food.  If  the  old 
and  tlie  new  food  are  of  different  kinds,  and 
the  animal  be  killed  idfter  taking  the  latter, 
unless  a  great  length  of  time  has  dapaed  after 
taking  it,  the  line  of  separation  is  perfectly 
evident,  so  that  the  old  may  be  removed  witib- 
out  disturbing  the  new  food. 

^'^  It  appears  that  in  proportion  as  the  food 
is  digested,  it  is  moved  along  the  great  curva- 
ture, when  the  chaoge  teiit  U  rendered  mora 
perfect,  to  the  pyloric  porlfan.    The  layer  of 
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fiM  Mig  next  the  smftce  of  the'stomich  is 
Ifast  «gMd.  In  proportion  as  this  imder- 
goes  the  proper  change,  it  is  moved  on  by  the 
iDittcular  aetion  of  the  stomech,  and  that  next 
in  tnni  sacceeds  to  undergo  the  same  chanae. 
Thus  a  Gontinnal  motion  is  going  on;  that 
part  of  the  food  whidi  lies  next  the  surface  of 
the  atoroadi  passing  towards  the  pylorus,  and 
the  naore  ceninl  parts  approaching  the  suz&oe.** 
I>r.  Philip  fass  remarked,  that  the  great 
end  of  the  stomach  is  the  part  most  usually 
fband  acted  upon  by  the  digestive  fluids  after 
death. 

Thefidlowing  phenomena  were  observed  by 
I>r.  Prout:— 

Comparative  examhtatiim  of  the  contents  of 
the  duodena  of  two  dogs,  one  of  which  had 
teen  fid  on  vegetable  Jbod^  the  other  on  animal 
Jbod  onfy.  Tne  chymous  mass  from  vegetable 
Ibod  (prindpaBybresd)  was  composed  of  asemi. 
fluid,  opaque,  yellowish- white  part,  containing 
aiiother  portion  of  a  shnilar  colour,  but  firmer 
consistenoe,  mixed  with  it.  Its  spedfic  gravity 
was  I.OM.  It  showed  no  traces  of  a  free  add 
or  alkali;  but  coagulated  milk  completely 
vhen  assisted  b}r  a^  gentle  heat 

That  from  anmud  food  was  more  thick  and 
viscid  than  that  ftom  vegetable  food,  and  its 
ooionr  was  more  inclined  to  red.  Its  sp.  gr. 
was  1.022.  It  showed  no  traces  of  a  iree  aod 
or  alkaU,  nor  did  it  cosjzulate  milk  even 
when  assisted  by  the  most  favourable  circum- 


On  being  subjected  to  analysis,  these  two 
I  were  found  to  consist  of 


Chyme  firom  Chyme  from 
Tcgctable  food,  animal  food. 
Water,  86.6  80.0 

Gastric  prindple,  united 
wUh  the  alimentary 
matters,  and  apparent- 
ly oonstitating  the 
chyme,  mixed  with  ex- 
crementitioua   matter,      6.0  15.8 

Albuminous  matter,  part- 
ly consisting  of  fibrin, 
derived  from  the  flesh 
on  which  the  animal 
had  been  fed,  —  1.3 

Biliary  prindple,       .  1.6  1.7 

Vegetable  gluten?      .         6.0  — 

Saline  matters,  .         0.7  0.7 

Insoluble  residuum,  .         0.2  0.6 

100.0  100.0 

Very  similar  phenomena  were  observed  in 
other  instances.  But  when  the  anunal  was 
opened  at  a  lonser  period  after  feeding.  Dr. 
Prout  generally  round  much  stroxiger  evidences 
of  albuminous  matter,  noc  only  in  the  duode- 
num, but  nearly  throughout  the  whole  of  the 
small  intestines.  The  quantity,  however,  was 
generally  very  fllhttfe  In  the  ileum;  and 
where  it  entm  Ac  coccum,  no  traces  of  this 


prindple  ooidd  be  percdved.    See  Sakovi- 

FICATIOK. 

Dr.  Prout  has  lately  shown  that  free,  or  at 
least  unsaturated  muriatic  add,  in  no  small 
quantity  exists  in  the  stomachs  of  many 
animals  during  the  disestive  process.  He  has 
also  uniformly  found  free  muriatic  add  in 
great  abundance  in  the  add  fluids  ejected  from 
the  human  stomach  in  severe  cases  of  dyspepda. 
PkU,  Trans,  for  1824.  Part  1. 
DIGESTIVE  SALT.  Muriate  of  potash. 
DIOITALINE.  The  active  principle  of 
digitalis  discovered  by  M.  Royer.  It  was  ob- 
tained by  digesting  a  pound  of  the  plant  of 
commerce  in  ether,  first  cold,  and  then  heated 
under  pressure.  The  solution  was  filtered  and  f 
evaporated,  the  reuduum  dissolved  in  water  ^  . 
and  filtered,  the  solution  treated  with  hvdrated 
oxide  of  lead,  the  whole  evaporated  and  digested 
in  ether,  which  dissolved  out  the  active  prin- 
dple. On  evaporation  it  appeared  as  a  brown 
pasty  substance,  slowly  restoring  the  blue 
colour  of  reddened  litmus  paper,  very  bitter 
and  deliquescent.  It  crystallizes  with  difii- 
culty.  A  grain  of  it,  dissolved  m  180  grains 
of  water,  being  injected  into  the  abdomen  of  a 
rabbit,  killed  the  animal  speedily  without 
agitation  or  pain,  which  is  the  more  remark- 
able as  the  rabbit  is  convulsed  with  great 
facility.    Bibliotheque  Universelle^  xxvL  102. 

DIOPSIDE.  A  sub-spedes  of  obUque 
edged  augite.  Its  colour  is  greenish-white.  It 
occurs  massive,  disseminated  and  crystallized : 
1.  In  low  oblinue  four-sided  prisms.  2.  The 
same,  truncated  on  the  acute  lateral  edges, 
bevelled  on  the  obtuse  edoes,  and  the  rage 
of  the  bevdment  truncated.  3.  Eight-uded 
prisms.  The  broader  lateral  planes  are  deeply 
longitudinally  streaked,  the  others  are  smooth. 
Lustre  shining  and  pearly.  Fracture  uneven. 
TraDslucent.  As  hard  as  augite.  Sp.  gr.  3.3. 
It  mdts  with  difiiculty  before  the  blowpipe. 
It  consisu  of  67.6  silica,  18.26  magnesia,  1&6 
lime,  6  iron  and  manganese. — Laugier.  It  is 
found  in  the  hill  Ciarmetta  in  Piedmont ;  also 
in  the  black  rock  at  Musa,  near  the  town  of 
Ali,  in  veins  along  with  epidote  or  pistadte, 
and  hyadnth-red  garnets.  It  is  the  Alalite 
and  Mussite  of  Bonvoisin. 

DIOPTASE.    Emerald  copper-ore. 

DIPP£L*s  Animal  OiL  An  oily  matter 
obtained  in  the  igneous  decomposition  of  horns 
in  a  retort.  Rectified,  it  becomes  colourless, 
aromatic,  and  as  light  and  volatile  as  ether. 
It  changes  syrup  of  violets  to  a  green,  from  its 
holding  a  little  ammonia  in  solution. 

DIPVRE.    Schmdzsteio. 

This  mineral  is  distinguished  by  two  cha- 
racters; it  is  fusible  with  intumescence  by 
the  blowpipe,  and  it  emits  on  coals  a  faint 
phosphorescence.  It  is  found  in  small  prisms, 
united  in  bimdlea,  of  a  greyish  or  reddish, 
white.  These  oystals  are  splendent,  hard 
enough  to  scratch  glass;  their  longimdinal 
fracture  is  lamellar,  and  their  cross  fracture 
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cooehoidd.  Its  sp.  g^.  u  3.63L  Thepnmitiv^ 
fonn  appean  to  be  the  regular  aix-iided  prism. 
It  oonaiatfe  of  60  lilka,  24  alumina,  10  lime, 
3  water,  and  4  loss. —  Vaugue^n,  It  occurs 
IB  a  white  or  reddish  steatite,  mingled  with 
sulphuret  of  iron,  on  the  right  ba^  of  the 
torrent  of  Maul6on  in  the  wwtem  Pyrenees. 

DISTILLATION.  The  vmporiutioo  and 
sabsecpient  ooodensation  of  a  liquid,  by  means 
of  an  alembic,  (tar  still  and  refrigeratory,  or  of 
a  retort  asd  a  receiver.  The  old  distinetions 
4tf  distiUatio  per  UUua^  per  aicentuntf  and  per 
deacensum^  are  now  disooded. 

Under  Laboxato&t,  a  drawing  and 
^description  of  a  large  still  of  an  ingenious  con- 
^atmctioo  is  given.  The  late  celebrated  Mr. 
,'Watt  having  ascertained  that  liquids  boiled 
in  vacuo  at  mudi  lower  temperatures  than 
tinder  the  pressure  of*the  atmosphere,  applied 
thisiacttodistillation;  but  he  seems, according 
to  Dr.  Black's  report  of  the  ezpezinient,  to 
have  found  no  economy  of  fuel  in  this  elegant 
process;  for  the  hitent  heat  of  the  vapour 
raised  t»  vacuo,  appeared  to  be  considerably 
greater  than  that  raised  in  ordinary  drcunu 
stances.  Mr.  Henry  Tritton  has  lately  con- 
trived a  very  simple  apparatus  for  performing 
this  operation  in  vacuo  ;  and  though  no  saving 
of  fuel  should  be  made,  yet  supoior  flavour* 
may  be  secured  to  the  distilled  spirits  and 
essential  flila,  m  consequence  of  the  modera- 
tion of  the  heat.  The  still  is  of  the  common 
,  fiorai ;  but,  instead  of  being  placed  immedi- 
ately over  a  fine,  it  is  immersed  in  a  vessel 
containing  hot  water.  The  pipe  from  the 
e^tal  bends  down,  and  terminates  in  a  cylin- 
der or  barrel  of  metsl,  plunged  in  a  cistern  of 
oold  liquid. '  From  the  bottom  of  this  barrel  a 
pipe  proceeds  to  another  of  somewhat  larger 
dimensions,  which  is  surrounded  with  odd 
water,  and  fumidied  at  its  top  with  an  ex- 
hausting sjrringe. 

The  pipe  from  the  bottom  of  the  still,  for 
emptying  it,  and  that  from  the  bottom  of  each 
banel,  are  provided  with  stop-cocks.  Hence, 
OB  exhausting  the  air,  the  liquid  wiU  dis^ 
rapidly,  when  the  body  of  the  alembic  is 
surrounded  with  boiling  water.  When  it  is 
wished  to  withdraw  a  portion  of  the  distilled 
liquor,  the  stop-cock  at  the  bottom  of  the  first 
receiver  is  shut,  so  that  on  opening  that  at  the 
seeond,  in  order  to  emp^  it,  the  vacuum  is 
maintained  in  the  still.  It  is  evident  that  the 
first  receiver  may  be  surrounded  with  a  por- 
tion of  the  liquid  to  be  distilled,  as  I  have 
already  explained  in  treating  of  alcohol.  By 
this  means  the  utmost  economy  of  fuel  may  be 
observed. 

The  term  dittiUation  is  ahtm  applied  in 
this  country  to  the  whole  process  of  converting 
malt  or  other  saccharine  matter  into  spirits  or 
alcohol. 

In  making  malt  whisky,  one  part  of  bruised 
malt,  with  from  four  to  nine  parts  of  barley- 
meal,  and  a  proportion  of  seeds  of  oats,  cor. 


rssponding  to  that  of  the  law  gmiSr  is  i 
in  a  mash-tun  of  east  iron,  with  from  12  to 
18  whie  gallona  of  water,  at  150*  Fahr.  tor 
every  buriiel  of  the  mixed  fiuinaoeous  matta. 
The  agitadoB  then  given  by  manual  hboor  or 
machinery  to  break  down  and  equally  difiuae 
the  lumps  of  meal  constitutes  the  prooeaa  of 
nuuhing.  This  opcfation  continues  two  faoura 
or  upwards,  aooording  to  the  pfoportion  of  un- 
malted  barley ;  during  which  the  tem|>erBtnie 
is  kept  up  by  the  a&sion  of  seven  or  eight 
additional  gallons  of  water,  a  few  degreea  under 
the  boiling  temperature.  The  infusion,  tensed 
vfori,  having  become  progressively  sweeter,  is 
allowed  to  settle  for  two  houn»  sod  is  run 
off  from  the  top,  to  the  amount  of  about 
one-third  the  buUc  of  water  employed.  About 
eight  gallons  of  more  water,  a  little  under 
200^  F.  are  now  admitted  to  the  residunm, 
infused  for  nearly  half  an  hour  with  agitatioD, 
and  then  left  to  subside  for  an  hour  and  a 
half,  when  it  is  drawn  oSl  Sometimes  a 
third  affusion  of  boiling  water,  equal  to  the 
first  quantity,  is  made,  and  dtis  ufbsion  is 
generally  reserved  to  be  poured  on  newjitrima  ; 
or  it  is  concentrated  by  boiling,  and  added  to 
the  former  liquors.  In  Scotland,  the  dlaciller 
is  supposed  by  law  to  extract  per  cent.  14 
gaUoos  of  spirits,  sp.  gr.  0.91917)  or  1  to  10 
over  prool^  and  must  pay  duty  accordingly. 
Hence,  his  wort  must  have  at  least  the  strength 
of  65^*  pounds  of  saccharine  matter  per  baiiel, 
previous  to  letting  it  down  into  the  formendng 
tun;  and  the  law  does  not  permit  it  to  be 
stronger  than  ^&  pounds.  Every  gallon  of 
the  above  spirits  contains  4.6  pounds  of  alco- 
hol, 8p.  gr.  0.825,  and  requires  for  its  produc- 
tion tne  complete  decomposition  of  twice  4.6 
pounds  of  sugar  =  9.2  pounds.  But  since  we 
can  never  count  on  decomposing  above  four- 
fifths  o{  the  saccharine  nuittcr  of  wort,  we  must 
add  one-fiflh  to  9.2  pounds,  when  we  shall 
have  11^  pounds  for  tne  weight  of  saccharine 
matter,  equivalent  in  practice  to  one  gallon  of 
the  legal  spirits.  Hence,  the  distiller  is  com- 
pelled to  raise  the  strength  of  his  wort  up  to 
nearly  70  pounds  per  barrel,  as  indicated  by 
his  saccharometer.  This  concentration  is  to  be 
regretted,  as  it  materially  injures  the  flavour 
of  the  spirit.  The  thinner  worts  of  the  Dutch 
give  a  decided  superiority  to  their  alcohols.  At 
62  pounds  per  barrel,  we  should  have  about 
12  per  cent  of  spirits  of  the  legal  standard. 

To  prevent  acetification,  it  is  necessary  to 
cool  the  worts  down  to  the  proper  fermenting 
tempersture  of  70^  or  6d<*  as  nq>idly  as  pos- 
sible. Hence,  they  are  pumped  immediately 
from  the  mash-tun  into  extensive  wooden 
troughs,  two  or  three  inches  deeo,  exposed  n» 
open  sheds  to  the  cool  air;  or  they  are  made 
to  traverse  the  convolutions  of  a  pipe  im- 
mersed  in  cold  water.  The  wort  being  now 
run  into  the  fermenting  tun,  yesat  is  intio- 
duced  and  added  iif  OBU^f^ifequal  succesaivc 
portions  during  three  dbys  noiytting  in  all 
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t«  ftbout  one  ndlon  !br  every  two  buihds  of 
IWnaoeoQs  matter.  The  tempentute  met  in 
clifee  or  four  days  to  its  maxxmam  of  80** ; 
mnA  at  the  end  of  io  or  19  days  Ihe  Armenta. 
iion  is  eompleted,  the  tuns  being  dosed  up 
dvrinjg  the  last  half  of  the  period.  The  dis- 
tillers  do  not  edUeet  the  ye^  fiom  their  fa- 
meniing  tons,  but  allow  it  to  fall  down,  on 
the  supposidoD,  (hat  it  enhances  the  quantity 
of  alooh^ 

The  spedfie  grsTity  of  the  Bqaid  has  now 
probably  sunk  ftom  I -000,  that  of  wort,  eqni- 
wsJent  to  about  56  pounds  per  barrel,  to 
1  -006^  cr  l-OOO;  and  eonsists  of  alcohol  tnixed 
with  undeoompo«ed  saccharine  and  farina^ 
ceous  matter.  The  larger  the  proportion  of 
ah»diol,  the  more  sugar  will  be  preseryed 
undiaoged ;  and  hence  the  impolicy  of  restric- 
tive laws  on  distillation. 

Some  years  ago,  when  the  mamifaeturer 
paid  a  duty  fbr  the  season,  merely  according 
to  the  measurement  of  his  still,  it  was  his  iit- 
terest  to  work  it  off  with  the  utmost  possible 
speed.  Hence  the  form  of  still  and  furnace 
described  under  L ABOR  A  TOKT,  waseontfhred 
by  some  ingenious  Scotch  distillers,  by  which 
means  tiiey  could  work  off  in  less  than  four 
minutes,  and  recharge,  an  80  gallon  still ;  an 
operation  which  had  a  lew  years  before  Usted 
several  days,  and  which  the  vigUant  ftamers 
of  the  law,  after  recent  investigation,  deemed 
lOssiUe  only  in  eight  minutes.  The  waste  of 
\ne\  was  however  great  The  duties  being  now 
levied  on  the  product  of  spirits,  the  above  con- 
test  against  time  no  longer  exists.  It  has  been 
supposed,  but  I  think  on  insufficient  ground, 
that  quick  distillation  injures  the  flavour  of 
spirits.  This  I  believe  to  depend  almost  en- 
t^y  on  the  mode  of  conducting  the  previous 
fermentation. 

In  distilling  off  the  spirit  from  the  fermented 
wort  or  wash,  a  hydrometer  is  used  to  ascertain 
its  progressive  diminution  of  strength;  and 
when  it  acquires  a  certain  weakness,  the  pro- 
cess is  stopped  by  opening  the  stop-cock  of  the 
pipe  which  issues  from  the  bottom  of  the  still, 
and  the  spent  wash  is  removed.  There  is 
gmerally  introduced  into  the  still  a  bit  of  soap^ 
whose  oily  prindple  spreading  on  the  surfiioe 
of  the  boiling  liquor,  breaks  the  large  bubbles, 
and  of  oouTse  checks  the  tendency  to  froth  up. 
The  spirits  of  the  first  distillation,  called  in 
Scotland  lov  xtineg^  are  about  0  97^  T*  V'\ 
and  contain  nearly  20  per  cent,  of  alcohol  or 
0.825.  Redistilhtion  of  the  low  winet^  or 
doubHng^  gives  at  first  the  fiery  spirit  cidled 
first-shot,  milky  and  crude,  from  the  presence 
of  a  little  ofl.  This  portion  is  returned  into 
the  low  wines.  What  flows  next  is  dear  sphit, 
and  is  received  in  one  vessd,  till  its  density 
diminish  to  a  certain  degree.  The  remaining 
hpirituous  liquor,  called  ,fainti,  is  mixed  with 
h^  vinrt^  and  subwcted  to  another  distiUation. 

The  manufiKtinv  was  Ibmierly  hindered  by 
law  Ihrni  sendinAnt  of  his  distillery  stronger 


splrftt  thgD  1  to  10  ovflK.  hiidrdnMcr  pn»f> 
equivalent  to  sp.  gi;  OiNtOl?*  or  weaker 
spirits  than  1  in  6  under  proof,  whose  spi  gr. 
isad385. 

The  fbllowiog  is  said  to  be  the  Dutch  mods 
&t  making  C^cacva : — 

Ona  ewt.  of  badey  mah  and  two  cwts.  of 
rye  meal  ate  mashed  with  400  gallons  of 
water,  heated  to  102*  F.  After  £e  JurknB 
have  been  iaftised  for  a  sufficient  timer  cold 
water  is  added,  dU  the  wort  twcomes  eqniv». 
lent  to  4A  pounds  of  sacdiarine  matter  per 
batvsL  Into  a  vessd  of  600  gallons  capadty 
the  wort  is  now  put  at  the  temperature  of  80^, 
with  half  a  gallon  of  yeast.  The  fermcntatioa 
instantly  beffins,  and  is  finished  in  48  honrs,  f 
during  which  llie  heat  rises  to  00«.  The  wash,  * 
not  reduced  lower  than  12  or  16  pounds  per 
band,  is  put  into  the  Mill  along  with  the  , 

grains.  Tliree  distiUationa  are  required ;  and 
at  the  last  a  few  juniper  hemes  and  hops  are  ^ 

introduced,  to  communicate  flavour.  The 
attamiation  of  45  pounds  in  the  wort,  to  ooly 
15  in  the  wash,  shows  that  the  fermentatioB 
is  hers  very  imperfect  and  uoeoanomieal  fi  as 
indeed  we  might  infer  from  the  saaH  psopor- 
tion  of  yeast,  and  the  predpstaacy  of  the 
process  of  fermentatsoo.  On  the  other  hand, 
the  very  large  proportion  of  porter  jneast  in  a 
corrupting  sUte,  used  by  the  Scotch  distillets, 
cannot  faQ  to  injure  the  flavour  of  their  spirits. 

Rum  is  obtained  from  the  fermentation  of 
Ifhe  coarsest  sugar  and  molasses  in  the  West 
Indies,  dissolved  in  water  in  the  proportion  of 
nearly  a  pound  to  the  galkm.  The  yeast  ia 
procured  chiefly  from  the  rum  wort.  The 
preceding  details  give  sufiident  instmctbn 
fbr  the  conduct  ot  this  modification  of  ^ 
process 

Sykes*  hydrometer  is  now  universally  used 
in  the  collection  of  the  spirit  revenue  in  Great 
Britain.  It  consists,  first,  of  a  fiat  stem,  3.4 
iochea  long,  which  is  divided  on  both  sides  into 
11  equal  parts,  each  of  which  is  subdivided 
into  two,  the  scale  being  numbered  fkom  0  to 
11.  Thhi  stem  is  soldered  into  a  brass  ball 
1.6  inch -in  diameter,  into  the  under  part  of 
which  is  fixed  a  small  conical  stem  1.13  inch 
long,  at  whose  end  is  a  pear-shaped  loaded 
^Ib,  half  an  inch  in  diameter.  The  whole 
iostniment,  which  is  made  of  brass,  is  0.7 
inches  long.  The  iastrument  is  accompanied 
with  8  drcokr  wdghts,  numbered  10, 20, 30, 
40,  60,  00,  70,  80,  and  another  weight  of  the 
form  of  a  piuBUelopiped.  Each  of  the  circular 
weights  is  cut  into  iu  centre,  so  that  it  can  be 
placed  on  the  inferior  conical  stem,  and  sHd 
down  to  the  bulb ;  but  in  omsequence  of  the 
enlargement  of  the  cone»  they  cannot  slip  off 
at  the  bottom,  but  must  be  drawn  up  to  the 
thin  part  for  this  purpose  The  square  weight 
of  the  form  of  a  panlldopiped  has  a  square 
notch  in  one  of  its  sides,  by  which  it  can  be 
placed  on  the  summit  of  the  stem.  '  In  using 
this  instrument,  it  is  immersed  in  the  spirit^ 
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and  pteued  down  by  the  hand  to  0,  till  the 
whole  divided  part  of  the  stem  be  wet.  The 
force  of  the  hand  required  to  sink  it  will 
be  a  guide  in  selecting  the  proper  weight. 
Having  taken  one  of  the  circular  weights, 
which  is  necessary  for  this  purpose,  it  is 
slipped  on  the  conical  stem.  The  instrument 
is  again  immersed  and  pressed  down  as  before 
to  0,  and  is  then  allowed  to  rise  and  settle 
at  any  point  of  the  scale.  The  eye  is  then 
brought  to  the  level  of  the  surface  of  the  spirit, 
and  Sie  part  of  the  stem  cut  by  the  surface,  a$ 
seen  from  beltm^  is  marked.  The  number  thus 
indicated  by  the  stem  is  added  to  the  number 
.  of  the  weight  emptoyed,  and  with  this  sum 
V  at  the  side,  and  the  temperature  of  the  spirits 
'  at  the  top,  the  strength  per  cent,  is  found  in 
a  table  of  6  quarto  pages.  '•*•  The  strength  is 
expressed  in  numbers  denoting  the  excess  or 
deficiency  per  cent,  of  proof  spirit  in  any  sam- 
ple, and  the  number  itself  (having  its  decimal 
point  removed  two  places  to  the  leh)  becomes 
a  factor,  whereby  the  gauged  content  of  a  cask 
or  vessel  of  such  spirit  himg  multiplied,  and 
the  product  being  added  to  the  gauged  content, 
if  over  proof,  or  deducted  from  it  if  under 
proof,  the  result  will  be  the  actual  quantity  of 
proof  spirit  contained  in  such  cask  or  vessel." 
See  Alcohol. 
DISTHENE.  See  Cyakite. 
DISTINCT  CONCRETIONS.    A  term 

in  MlNEOALOOT. 

DOCIMASTIC  ART.  This  name  is 
given  to  the  art  of  assaying.  See  Assay, 
Blowpipe,  Analysis,  and  the  several 
metals. 

DOLERITE.  When  volcanic  masses  are 
composed  of  grains  distinct  from  each  other, 
and  contain  besides  felspar,  much  pyroxene, 
black  oxide  of  iron,  amphibole,  &c  they  are 
called  by  the  French  geologists,  DoLerite.  They 
may  be  regarded  as  mocUfications  of  the  ba- 
salt of  the  British,  passing  into  the  grunstdn 

of  Werner See    B'Auhuuton    Traiti  de 

Geognotie,  iu  558,  note. 

DOLOMITE.  Ofthiscalcareo-magnesian 
carbonate,  we  have  three  sub-spedes. 

1.  Dolomite,  of  which  there  are  two  kinds. 

§  1st,  Granular  doiomiU. 

White  granmlar.  It  occurs  massive,  and 
in  fine  granular  distinct  concretions,  loosely 
aggregated.  Lustre  glimmering  and  pearly. 
Fracture  in  the  large,  imperfect  shity.  Faintly 
translucent  As  hard  as  fluor.  Brittle.  Sp. 
gr.  2.83.  It  effervesces  feebly  with  adds. 
Phosphorescent  on  heated  iron,  or  by  friction. 
Irs  constituents  are,  46.5  carbonate  of  mag- 
nesia, 52.08  carbonate  of  lime,  0.25  oxide  of 
manganese,  and  0.5  oxide  of  iron.  Klaproth, 
Beds  of  dolomite,  containing  treroolite,  occur 
in  the  island  of  lona,  in  the  mountain  group 
of  St.  Oothard,  in  the  Apennines,  and  in  Ca- 
rinthia.  A  b^utifu]  white  variety,  used  by 
ancient  sculptors,  is  found -in  the  isle  of  Tc- 
nedos.    Jauicson. 


The  jfexiUs  variety  was  first  notieed  in  the 
Borghese  palace  at  Rome ;  but  the  other  va- 
rieties of  dolomite,  and  also  common  granular 
limestone,  may  be  rendered  flexible,  by  ex- 
posing  them  in  thin  and  kmg  slaba  to  a  beat 
of  4800  Fahr.  for  6  hours. 

§  2d,  Brown  DoUmdU^  or  Magoesian  lime- 
stone of  Tennant. 

Colour,  yetlowish-grey  and  yellowish-browB. 
Massive,  and  in  minute  granular  eoncretions. 
Lustre,  internally  glistening.  Fractore  spUn- 
tery.  Translucent  on  the  o^es.  Haider  than 
calcareous  spar.  Brittle.  Sp.  gr.  of  cryatals, 
2.8.  It  dissolves  slowly,  and  with  feeble  ef- 
fervesoence ;  and  when  addned,  it  is  long  in 
reabsorbing  carbonic  add  from  the  air.  Its 
constituents  are,  lime  29*5,  magnesia  20.3, 
carbonic  add  47*2,  alumina  and  iron  0.8. 
Tennant.  In  the  north  of  England  it  occuit 
in  beds  of  considerable  thickness,  and  great 
extent,  resting  on  the  Newcastle  coal  formatian. 
In  the  Isle  of  Man,  it  occurs  in  a  limestone 
which  rests  on  grey-wacke.  It  occurs  in  tap. 
rocks  in  Fifeshire.  When  hud  on  land  arar 
being  caldned,  it  prevents  vegetation,  unless 
the  quantity  be  smalL 

To  the  preceding  variety  we  must  refer  a 
flexible  dolomite  found  near  Tinmouth  Castle. 
It  is  yellowiah.grcy,  passing  into  cream-yellow. 
Massive.  Dull  Fracture  earthy*  OpBqu& 
Yields  readily  to  the  knife.  In  thin  plates, 
very  flexible.  Sp.  gr.  2*54 ;  but  the  atone  is 
porous.  It  dissolves  in  acids  as  readily  as 
common  carbonate  of  lime.  Its  conatituents 
are  said  to  be  62  carbonate  of  lime,  and  36 
carbonate  of  magnesia.  When  made  mode- 
ratdy  dry,  it  loses  its  flexibility ;  but  when 
dther  very  moist  or  very  dry,  it  is  veiy  flexible. 

2d,  Columnar  Dolomite.  Colour  pale  grey- 
ish- white.  Masdve,  and  in  thin  prismatic 
concretions.  Cleavage  imperfect.  Fracture 
uneven.  Lustre  vitreous,  inclining  to  pcndy. 
Breaks  into  adcular  fragments.  Feebly  trans- 
lucent. Brittle.  Sp.  gr.  2-76.  Its  consti- 
tuents are,  51  carbonate  of  limei  47  carbonate 
of  magnesia,  1  carbonated  hydrate  of  iron. 
It  occurs  in  serpentine  in  Russia.  - 

3d,  Connpaet  Dolomite^  or  Ourhofite.  Co- 
lour snow-white.  Massive.  DulL  Fracture 
flat  conchoidal.  Slightly  translucent  on  the 
edges.  Semi-hard.  Difficultly  frangible.  Sp. 
gr.  2.76.  When  pulverised,  it  diaiKdves  with 
effervescence  in  hot  nitric  acid.  It  oHiaists  of 
70.5  carbonate  of  lime,  and  29.5  carbonate  of 
magnesia.  It  occurs  in  veins  in  serpentine 
rock-s  near  Gurhoff^  in  Lower  Austria. 

DOMITE.  This  mineral  is  white.  Feds 
and  looks  like  sandy  chalk.  It  is  considered 
by  some  to  be  decomposed  felspar.  It  is  found 
in  the  Puy  de  Dome  in  Auvergne. 

DRACO-MITIGATUS.  CaknxeL  See 
AIercuky. 

DRAGoVs  BLOOD.  A  britde,  daric- 
red  coloured  rc«in,-imporfed  from  the  Kast 
Indies,  the  produ<^  of  pferofarjnu  draco^  and 
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draatna'  draco.  It  is  insoluble  in  water,  but 
solable  in  a  great  measure  in  alcohol.  The 
adution  imparts  a  beautiful  red  stain  to  hot 
marble.  It  dissolves  in  oils.  It  contains  a 
little  benzoic  acid. 

DRAWING  SLATE.   Bhek  chalk.  Co. 
lour  greyish.black.     Massive.     Lustre  of  the 
principtd  fracture,  glimmering ;  of  the  cross 
fracture,  dull.     Fracture  of  the  former  slaty, 
of  the  latter,  fine  earthy.     Opaque.     It  writes. 
Streak  same  colour,  and  glutening.     Very 
wott     Seetile.     Easily  frangible.     It  adheres 
slightly  to  the  tongue.    Feels  fine,  but  meagre. 
Sp.  gr.  2. 1 1 .   It  is  infusible.     Its  constituents 
are,    silica   64.06;  alumina  11,   carbon    11, 
water  7.2,  iron  2.7«^.     It  occurs  in  beds,  in 
pTimitire  and  transition  clay-slate,  also  in  se- 
condary formations.     It  is  found  in  the  coal 
formation  of  Scotland,  and  in  most  countries. 
It  is  used  m  crayon-painting.    The  trace  of 
bituminous  shale  is  brownish  and  irregular; 
that  of  black  chalk  is  regular  and  black.    The 
beet  kind  is  found  in  Spain,  Italy,  and  France. 
DUCTILITY.    That  property  or  texture 
ef  bodies,  which  renders  it  practicable  to  draw 
them  out  in  length,  while  their  thickness  is 
diminished,  without  any  actual  fVacture  of 
their  parts.    This  term  is  almost  exclusively 
applied  to  metals. 

Most  authors  confound  the  words  mal- 
leability, laminability,  and  ductility,  together, 
and  use  them  in  a  loose  indiscriminate  way ; 
but  they  are  very  different.  Malleability  ia 
the  property  of  a  body  which  enlarges  one  or 
two  of  its  three  dimensions,  by  a  blow  or 
pressure  very  suddenly  applied.  Laminability 
belongs  to  bodies  extensible  in  dimension  by 
a  gradually  applied  pressure:  and  ductility 
is  properly  to  be  attributed  to  such  bodies  as ' 
cm  be  rendered  longer  and  thinner  by  drawing 
them  through  a  hole  of  less  area  than  the 
transverse  section  of  the  body  so  drawn. 

DYEING.  Thc-ait  of  dyeing  consists  hi 
fixing  upon  cloths  of  various  kinds  any  colour 
which  may  be  required,  in  such  a  manner  as 
Aat  they  shall  not  be  easily  altered  by  those 
agents  to  which  the  doth  will  most  probably 
be  exposed. 

As  there  can  be  no  cause  by  which  any  oo- 
louring  platter  can  adhere  to  any  cloth,  except 
an  attraction  subsisting  between  the  two  sub- 
stances,  it  must  ibllow,  that  there  wiU  be  few 
tingeing  matters  capable  of  indelibly  or  strongly 
attaching  themselves  by  simple  application. 
Dvdng  is  tiberefore  a  chemical  art. 
The  most  remarkable  general  fact  in  the 
art  of  dyeing  consists  in  the  different  degrees 
of  facility  with  whicii  animal  and  vegetable 
substances  attract  and  retain  colouring  matter, 
or  rather  the  degree  of  fiunlity  with  which  the 
dyer  finds  he  can  tinge  them  with  any  intended 
colour.  The  chief  materials  of  stuff  to  be 
dyed  are  wool,  siUl  cotton,  and  linen,  of  which 
tlte  former  two  tM'tadh  easily  dyed  than  the 
latter.  This  hi^been  usually  attributed  to 
thdr  greater  atlftetion  to  the  tingeing  matter. 


Wool  is  naturally  so  much  disposed  io 
combine  with  colouring  matter,  that  it  requires 
but  little  preparation  for  the  immediate  pro- 
cesses of  dyeing ;  nothing  more  being  required 
than  to  cleanse  it,  by  scourincr,  from  a  fatty 
substance,  called  the  yolk,  which  is  contained 
in  the  fleece.  For  this  purpose  an  alkaline 
liquor  is  necessary  ;  but  as  alkalis  injure  the 
texture  of  the  wool,  a  very  weak  solution  may 
be  used.  For  if  more  alkali  were  present  than 
is  sufficient  to  convert  the  yolk  into  soap,  it 
would  attack  the  wool  itself.  Putrid  urine  is 
therefore  generally  used,  as  being  cheap,  and 
containing  a  volatile  alkali,  which,  uniting 
with  the  grease,  renders  it  soluble  in  water. 

Silk,  when  taken  from  the  cocoon,  fa  co- 
vered with  a  kind  of  varnish,  which,  because  ' 
it  does  not  easily  yield  either  to  water  or  al- 
cohol, is  usually  said  to  be  soluble  in  neither. 
It  is  therefore  usual  to  boil  the  silk  with  an 
alkali,  to  disengage  this  matter.  Much  care 
is  necessary  in  this  operation,  because  the  silk 
itself  is  easily  corroded  or  discoloured.  Pine 
soap  is  commonly  used,  but  even  this  is  said 
to  be  detrimental ;  and  the  white  China  silk, 
which  is  supposed  to  be  prepared  without 
soap,  has  a  lustre  superior  to  that  of  Europe. 
Silk  loses  about  one-fourdi  of  its  weight  by 
being  deprived  of  its  varnish.  See  Bleach- 
ing. 

The  intention  of  the  previous  preparations 
seems  to  be  of  two  kinds.  The  first,  to  render 
the  stuff  or  material  to  be  dyed  as  clear  as 
possible,  in  order  that  the  aqueous  fluid  to  be 
afterwaid  applied  may  be  imbibed,  and  its 
contents  adhere  to  the  minute  internal  surfaces. 
The  second  is,  that  the  stuff  may  be  rendered 
whiter  and  more  capable  of  reflecting  the  light, 
and  consequently  enabling  the  colouring  matter 
to  exhibit  more  brilliant  tints. 

Some  of  the  preparations,  however,  though 
considered  merely  as  preparative,  do  really 
constitute  part  of  the  dyeing  processes  them- 
selves. In  many  instances  a  material  is  ap- 
plied  to  the  stuff,  to  which  it  adheres ;  and 
when  another  suitable  material  is  applied,  the 
result  is  some  colour  desired.  Thus  we  might 
dye  a  piece  of  cotton  black,  by  immersing  it 
in  ink ;  but  the  colour  would  be  neither  good 
nor  durable,  because  the  particles  of  precipi- 
tated matter  formed  of  the  oxide  of  iron  and 
acid  of  galls,  are  ahready  concreted  in  masses 
too  gross  either  to  enter  the  cotton,  or  to  ad- 
here to  it  with  any  considerable  degree  of 
strength.  But  if  the  cotton  be  soaked  in  an 
infusion  of  galls,  then  dried,  and  afterward 
immersed  in  a  solution  of  sulphate  of  m>h, 
(or  other  ferrughious  salt),  the  acid  of  galls 
being  every-where  difiused  through  the  body 
of  the  cotton,  will  receive  the  particles  of  oxide 
of  uron,  at  the  very  instant  of  their  transition 
fitom  the  fluid,  or  dissolved  to  die  precipitated 
or  solid  state ;  by  which  means  a  perfect  oo- 
vering  of  the  blaOc  inky  matter  will  be  applied 
fai  close  contact  idtii  the  surface  of  die  most 
minute  fibres  of  the  eotton.    This  dye  wiU 
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therefore  not  only  be  muve  iBtme,  but  like- 
wise more  adheceot  and  dttrable. 

The  French  dyen,  and  after  them  the 
Engliiih,  hare  given  the  name  of  mordant  to 
thoM  fubstanoes  which  are  previously  applied 
to  pieee  goods,  in  order  that  they  may  after- 
ward take  a  required  tinge  or  dye. 

It  is  evident,  that  if  the  mordant  be  uni^ 
vetsally  applied  over  the  whole  of  a  piece  of 
goods,  and  this  be  afterward  immersed  in  the 
dye,  it  will  receive  a  tinge  over  all  its  surface ; 
but  if  it  be  applied  only  in  parts,  the  dye  will 
strike  in  those  parts  only.  The  former  process 
constitutes  the  art  of  dyeing,  properly  so  called; 
and  the  latter,  the  art  of  printing  wooUena, 
cottons,  or  linen,  called  calico-printing. 

In  the  art  of  printing  piece  goods,  the 
mordant  is  usually  mixed  with  sum  or  starch, 
and  applied  by  means  of  blodoi  or  wooden 
engravings  in  relief,  or  from  copper  plates* 
and  the  colours  are  brought  out  by  iounersion 
in  vessels  filled  with  suitable  compositions. 
Dyers  call  the  latter  fluid  the  bath.  The  art 
of  printing  affords  many  processes,  in  which 
the  effect  of  mordants,  both  simple  and  com- 
pound,  is  exhibited.  The  following  is  taken 
from  BerthoUet. 

The  mordant  employed  for  linens,  intended 
to  receive  difierent  shades  of  red,  is  prepared 
by  dissolving  in  eight  pounds  of  hot  water, 
three  pounds  of  alum  and  one  pound  of  acetate 
of  loM,  to  which  two  ounces  of  potash,  and 
af^erwud  two  ounces  of  powdered  chalk,  are 
added. 

In  this  mixture,  the  su^huric  add  com- 
bines wkh  the  lead  of  the  acetate  and  falls 
down,  because  insoluUe,  while  the  argillaceous 
earth  of  the  alum  unites  with  the  acetic  acid 
disengaged  fipom  the  acetate  of  lead.  The 
mordant  therefore  consists  of  an  azgiUaoeous 
acetic  salt,  and  the  small  quantities  of  alkali 
and  chalk  serve  to  neutralize  any  disengaged 
acid  which  might  be  contained  in  the  liquid. 

Several  advantages  are  obtained  by  thus 
dianging  the  acid  of  the  alum.  First,  the 
argilbioeous  earth  is  more  easUy  disengaged 
firom  the  acetic  add,  in  the  subsequent  pro- 
cesses, than  it  would  have  been  from  the  tul« 
phuric.  Secondly,  thia  weak  add  does  less 
harm  when  it  comes  to  be  disengaged  by  de- 
piiving  it  of  its  earth.  And  thi^v,  the  ace- 
tate of  alumina,  not  being  crystaltixable  like 
the  su^hate,  does  not  separate  or  curdle  by 
drying  on  the  face  of  the  blocks  for  printings 
when  It  is  mixed  with  gum  or  starch. 

When  the  design  luis  been  impressed  by 
tamsfbrrisg  the  nurdant  from  the  fisce  of  tlie 
wooden  blocks  to  the  doth,  it  is  then  put  into 
a  bath  of  madder,  with  proper  attention  that 
the  whole  shall  be  equally  exposed  to  this 
fluid.  Here  the  piece  becomes  of  a  red  colour, 
hot  deepa  in  tlviwe  places  where  the  mordant 
was  applied.  For  some  of  the  argillaceous 
earth  had  before  quitted  the  acetic  acid,  to 
combine  with  the  cloth;  and  this  serves  as  an 
intermedium  to  fix  the  colouring  matter  of  the 


madder,  in  the  same  manner  aa  the  aeUI  of 
galls,  in  the  former  instance,  fixed  the  pmr~ 
tides  of  oxide  of  iron.  With  the  piece  in  thia 
state,  the  calico-printer  has  only  thenftve  to 
avail  himself  of  the  difference  between  a  fizni 
and  a  fugitive  colour.  He  tiierefbre  boOs  the 
piece  wiui  bran,  and  spreads  it  on  the  gnas- 
The  feeula  of  the  bran  takes  up  part  of  the 
colour,  and  the  action  of  the  sun  and  air  ici»- 
ders  more  of  it  oombinable  with  the  same  sub- 
stance. 

In  other  cases  the  dective  attractioD  of  ^ae 
stuff  to  be  dyed  has  a  more  marked  i  _ 
A  veiy  common  mordant  for  wooUena  is  i 
by  disaolving  alum  and  tartar  together ;  neitber 
of  which  is  decomposed,  but  may  be  reeovered 
by  crystallization  upon  evaporating  the  liquor. 
Wool  is  found  to  be  capable  of  decomposing 
a  solution  of  alum,  and  combining  with  its 
earth ;  but  it  seems  as  if  the  presence  of  dis- 
engaged  sulphuric  acid  served  to  injure  the 
wool,  which  is  rendered  harsh  by  this  method 
of  treatment,  though  cottons  and  linena  air 
not,  which  have  len  attmctioo  for  the  earth. 
Wool  also  decomposes  the  alum,  in  amiztare 
of  alum  aad  tartar ;  but  in  this  case  thetecan 
be  no  disengagement  of  su^uric  add,  aa  it 
is  immediatdy  neutralized  by  the  alkali  of  the 
tartar. 

Metallic  oxides  have  ao  great  an  attEactkm 
tat  many  colouring  substances,  that  they  qoii 
the  adds  in  which  they  were  dissolved,  and  are 
prec^itated  in  combination  with  them.  These 
oxides  are  also  found  by  experiment  to  be 
strongly  disposed  to  combine  with  animal  sab- 
stances  ;  whence  in  many  instances  they  senrc 
as  mordants,  or  the  medium  of  union  between 
the  colouring  partides  and  animal  bodies. 

The  coburs  which  the  compounds  of  me- 
tallic oxides  and  colouring  particles  assume, 
then,  are  the  product  of  the  odour  peculiar  to 
the  colouring  partides,  and  of  that  peculiar  to 
the  metallic  oxide. 

The  following  are  the  dye-atuffii  used  by 
the  calico-printers  for  producing  &8t  oobuxs. 
The  nundants  are  thickened  with  gum,  or  caU 
dned  starch,  and  applied  with  the  blodc,  nUeit 
plates,  or  penciL 

1.  Black.  The  doth  is  impregnated  with 
acetate  of  uon  (iron  liquor),  and  dyed  in  a 
hath  of  madder  and  logwood. 

2.  Purple,  The  prwedin^  mordant  of  iron, 
diluted ;  with  the  same  dyemg  bath. 

3.  Crimton,  The  mordant  m  purple,  united 
with  a  portion  of  acetate  of  alumina,  or  le^ 
mordant,  and  the  above  bath. 

4.  Med.  Acetate  of  alumina  is  the  mor- 
dant, (see  ALUxiirA),  and  madder  is  the 
dye-stuff. 

6.  Pale  red  of  different  shades.  The  pre- 
ceding mordant  diluted  with  water,  and  a  weak 
madder  bath. 

6.  Brown  or  Pompadour.  A  mixed  mor- 
dant, oontainiug  a  somewbet  larger  propordoa 
of  tile  red  than  oCthe  bUd^j  andttie  dyvof 
madder.  j.-  ^ 
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7.  Qmge,  The  red  mordant;  ind  a  bath 
flnt  or  madder,  and  then  of  qaeidtron. 

&  Ki;i2ow.  A  itzong  red  mordant ;  and  the 
qneieitron  bath,  whose  tempenture  ihould 
be  oooaadcfably  under  the  boiling  point  of 
water. 

9.  Bhie.  IndigOi  rendered  solable  and 
g;reeni8h-yellow  coloured,  by  potash  and  or- 
pimcnt.  It  recoTcrs  its  blue  ooloor  by  ez- 
poeore  to  air,  and  thereby  also  fixes  finnly  on 
the  doth.  Ad  indigo  vat  is  also  made,  with 
that  blue  substance  diffused  in  water  with 
qvicUime  and  copperas.  These  substances 
toe  supposed  to  deoxidise  indigo,  and  at  the 
•amo  time  to  render  it  soluble. 

GoUen^dye.  The  doth  is  immersed  alter- 
naldy  in  a  solution  of  copperas  and  lime 
water.  The  protoxide  of  iron  precipitated  on 
the  fibre,  soon  passes,  by  absorption  of  at- 
mospherical oxygen,  into  the  golden*ooLoured 
deutoxide. 

Buff.  The  preceding  substances,  in  a  more 
dilute  state. 

Blue  vaty  in  which  white  spots  are  left  on 
*  blue  ground  of  doth,  is  made,  by  applying 
to  these  points  a  paste  composed  of  a  sdution 
of  sulphate  of  cimper  and  pipe-clay ;  and 
alter  they  are  dried,  immersing  it  stretched  on 
frames,  for  a  definite  number  of  minutes,  in 
the  yellowish-green  vat,  of  1  part  of  in^^ 
2  of  ooppcnw,  and  2  of  lime,  with  water. 

Grten,  Cloth  dyed  blue,  and  well  washed, 
is  imbued  with  the  aluminous  acetate,  dried, 
and  subjected  to  the  querdtian  baih. 

In  the  above  cases,  the  doth,  after  recdving 
the  mordant  paste,  is  dried,  and  put  through 


a  mixture  of  cow^ung  and  waim  water,    ft 
is  then  put  into  the  dydng  vat  or  copper. 

Fugitive  Cckmre* 
AU  the  above  colours  are  given^by  making 
deooctioos  of  the  difllerent  cdouring  woods; 
and  reodve  the  slight  de^irec  of  fixity  they 
possess^  as  well  as  great  bnlliancy,  in  conse- 
quence of  their  combination  or  admixture  with 
ue  nitro-muriate  of  tin. 

1.  Red  is  frequently  made  firom  Bnail  and 
Peachwood. 

2.  Black.  A  strong  extract  of  gaUs,  and 
deuto-nitrate  of  iron. 

3.  PHrple,  Extract  of  logwood  and  the 
deuto-nitrate. 

4.  Yellow.  Extract  of  querdtron  barfc,  or 
Frendi  berries,  and  the  tin  aolutioo. 

6.  Blue.  Prussian  blue  and  solution  of  tbi. 

Fugitive  odours  are  thickened  with  gum- 
tragacanth,  which  leaves  the  doth  in  a  softer 
state  than  gum-senegfd;  the  goods  being  someu 
times  sent  to  market  without  bdog  wMhed. 

For  the  modes  of  ushig  the  diffwent  articles 
used  in  dyeing,  see  them  under  their  respective 
names  in  the  order  of  the  alphabet 

DYSODILE  or  DUSODIL£.  Amine, 
ral  found  in  masses  of  a  greenish-grey,  or  of  a 
ydlow  colour.  Extremdy  fragile,  emitting 
the  argillaceous  odour  when  breathed  on.  So. 

Sv.  1*40»  It  bums  with  a  considerable 
ne  and  smoke,  and  an  almost  insupport- 
ably  fflrtid  odour,  with  a  crackling  noise.  In 
water  it  becomes  trsnduoent  and  flexible.  It 
occurs  at  Melili  near  Syracuse :  in  a  thin  bed, 
between  strata  of  secondary  limestone. 
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SAOLE-STONE.    A  day  ironstone. 

EARTHENWARE.    See  Potteet. 

BARTHS.  Twenty  years  ago,  few  sub- 
slanees  seemed  more  likdy  to  retain  a  per- 
manent place  in  chemical  arrangements,  than 
the  solid  and  refractory  earths,  whidi  compeie 
the  crust  of  the  globe.  Analysis  had  shown, 
that  the  various  stony  or  pulverulent  masses, 
which  form  our  mountains,  vaUeys,  and  plains, 
niigfat  beoonsidered  as  resulting  from  the  com'- 
bniation  or  intermixture,  in  various  numbers 
and  nroportions,  of  nine  primitive  earths,  to 
iriiicfa  toe  following  names  were  giTen : 

1.  B«ytes.  3.  Stiontites.  3.  lAmt.  4. 
Hagncaia.  ft.  Alumina,  ^  day.  6.  SiUca. 
?•  Oludna,    &  Ziroonia.    9*  Yttriii. 

Alkalis,  adds,  metallic  ores,  and  native 
metals,  wem  supposed  to  be  of  an  cntirdy 
dissimilar  constitntion. 

The  brilliant  discovery  by  Sir  H.  Davy  in 
1806,  of  the  metallic  bases  of  potash,  soda, 
barvtea,  ftnmtitea,  and  lime,  subverted  the 
anoent  idiw  regsiding  the^rths,  and  unght 


us  to  regard  them  aa  all  bdonging,  by  moot 
probable  analogies,  to  the  metallic  dasb  Ae- 
cording  to  sn  ingeniouB  suggestion  of  Mr. 
Smitbson,  silica,  however,  oi^it  to  be  ranked 
with  adds,  dnce  it  has  the  power,  in  native 
mineral  compounds,  of  neutraliring  the  alka- 
line earths,  as  weU  as  the  eommoB  metdUic 
oxides.  But  as  this  property  is  ako  posseRsed 
by  many  metallic  oxides,  it  ean  afibid  no  evi- 
denee  against  the  nsetallic  nature  of  the  aili- 
ceoosbada.  Alumina,  by  the  experimoits  of 
Ehzman,  may  be  made  to  saturate  lime,  no- 
dudng  a  glMs;  and  the  triple  ooniponnds  Of 
magnesia,  alumina,  and  Uqie,  are  ncifeot^ 
neutral  in  porodain.  Wemi^t  thererore  refer 
alumina^  as  weU  as  ailica,  to  the  same  daas 
with  the  oxides  of  autiraOtay,  arsenic,  chro- 
mium, oohunbfum,  nofybdenum,  titinftim, 
and  tungsten.  Alunrina,  however,  bears  fo 
dliea  the  same  lelatloA  that  oxide  of  anthtfony 
does  to  that  of  axseiiic;  the  anteoedent  pair 
acting  the  ppcl  of  <hasea,  while  the  consequent 
pair  act  only  as  Adds.    The  compound  of 
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the  fluoric  principle  with  silica  is  of  too  mys- 
terious  a  nature  to  be  employed  in  this  ais- 
cusfiiou.  The  almost  uoiversal  function  which 
silica  enjoys,  of  saturating  the  alkaline  oxides 
in  the  native  earthy  min^als,  is  exhibited,  in 
a  very  striking  manner  in  Mr.  Allan*s  valuable 
Synoptic  Tables.  From  his  fiftti  to  his 
fifteenth  table  of  analyses^,  the  column  of  silica 
is  always  complete,  whatever  deficiency  or  va^ 
nation  may  occur  in  the  columns  of  the  earthy 
bate*.  At  least,  only  a  very  few  exceptions 
need  be  made  for  the  oriental  gems,  which 
consist  of  strongly  aggregated  alumina. 

We  shall  enter  at  present  into  no  further 
discoision  concerning  their  place  in  a  system- 
atic arrangement.  Whatever  may  be  the  re- 
volutions of  chemical  nomenclature,  mankind 
will  never  cease  to  consider  as  Earths  those 
solid  bodies  composing  the  mineral  strata, 
which  are  incombustible,  colourless,  not  con- 
vertible into  metals  by  fill  the  ordinary  me- 
thods of  reduction,  or  when  reduced  by  sden- 
tific  refinements  possessing  but  an  evanescoit 
metallic  existence,  and  which  either  alone,  or 
at  least  when  combined  with  carbonic  acid,  are 
insipid  and  insoluble  in  water. 

£AU  D£  LUCE  consists  ehiefiy  of  the  es- 
sential  oil  of  amber  and  the  volatile  alkali. 

ECH I NI«  Calcareous  putrefactions  of  the 
echinus,  or  sea-hedgehog, 

EDINOTONITE.  A  new  mineral.  It 
occurs  in  crystals,  the  largest  about  two  lines 
in  diameter,  implanted  upon  crystallized  Thom- 
sonite,  in  the  Kilpatrick-hills,  near  Glasgow. 
It  is  accompanied  by  calcareous  spar,  and  a 
curious  variety  ofhannstome.  The  crystals 
of  the  edingtonite  resemble  greatly  certain  va- 
rieties of  prennite  and  felspar.  Haidinger  in 
Edinburgh  Journal  of  Science^  for  October, 
1826. 

EFFERVESCENCE  is  the  commotkm 
produced  in  fluids  by  some  part  of  the  mass 
suddenly  taking  the  elastic  form,  and  escaping 
in  numerous  bubbles. 

EFFLORESCENCE  is  the  effect  which 
takes  place  when  bodies  spontaneously  become 
converted  into  a  dry  powder.  It  is  almost 
always  occasioned  by  the  loss  of  the  water  of 
crystallization  in  saline  bodies. 

EOERAN.  A  sub-species  of  pyramidal 
garnet  Colour,  reddish-brown.  Massive, 
sometimes  crystallized  in  rectangular  four- 
sided  prisms,  with  cylindrical  convex  lateral 
planes.  The  prisms  are  long,  and  deeply 
longitudinally  streaked.  Shining,  vitreous. 
Cleavage  twofold.  Fracture  uneven.  Feebly 
translucent  on  the  edges.  Scratches  felspar. 
Brittle.  Sp.  gr.  3-294.  It  mdts  into  a 
black  scoria.  It  occurs  in  a  bed  of  felspar 
and  hornblende,  at  Haslan,  near  Eger  in 
Bohemia. 

EGOS.  The  eggs  of  hens,  and  of  birds  in 
general,  ara  composed  of  several  distinct  sub- 
stances. 1.  The  shell  dt  external  coating, 
which  is  composed  of  carbonate  of  time  ^^% 


phosphate  of  lime  -2,  gdatine  •%  The  re- 
maining -23  are  perhaps  water.  2.  A  thin 
white  and  strong  membrane,  possessing  the 
usual  characters  of  animal  substances.  3.  The 
white  of  the  egg,  for  which  see  Ai.BUMEir- 
'4.  The  yolk,  which  appears  to  consist  of  an 
oil  of  the  nature  of  fat  oils,  united  with  a 
portion  of  serous  matter,  sufficient  to  render 
it  diffusible  in  cold  water,  in  the  form  of  an 
emulsion,  and  concresdble  by  heat  Yolk  of 
egg  is  used  as  the  medium  for  rendering  resins 
and  oils  difiiisible  in  water. 

EISENRAHM.  Red  and  brown;  the 
scaly  iron  ore,  and  scaly  manganese  ore. 

ELAIN.  The  oily  principle  of  sdid  fats, 
so  named  by  its  discoverer,  M.  Chevreul. 
Chevreul  dissolves  the  tallow  in  very  pure  hoc 
alcohol,  separates  the  stearin  by  crystalMsa. 
tion,  and  then  procures  the  ebnn  by  evaporatian 
of  the  spirit  But  M.  Braoonnot  has  adopted 
a  simpler,  and  probably  a  more  exact  method. 
By  squeezing  tallow  between  the  folds  of 
porous  paper,  theei^itVi  soaks  into  it,  while  the 
stearin  remains.  The  paper  being  then  soaked 
in  water,  and  pressed,  yields  up  its  oily  Im- 
pregnation. Elain  has  very  much  the  ap- 
pearance and  properties  of  vegetable  oil.  It 
is  liquid  at  the  temperature  of  60^.  Its  stneQ 
and  colour  are  derived  firom  the  solid  fats 
ftam  which  it  is  extracted. 

Human  elain  is  yellow,  without  odour. 
Specific  gravity  0-913. 

Elain  of  theeps  cokMoless,  a  finnt  smelL 
Sp.  gr.  0-916. 

Eknn  of  ox;  colourless,  and  almost  with- 
out odour.    Sp.  gr.  0*915. 

Elmnofhog;  da  da  0*915. 

Ek&n  of  jaguar;  lemon  colour,  odorous, 
0-914. 

Elain  of  goose;  light  lemon  colour,  Kttle 
odour.    0-9*i9. 

Solubility  m  alcohol  of  sp.  gr.  0-7962- 

Human  elain;  IM  gr.  by  9.  gr.  at  the 
Ixnling  point 

Elatn  of  theep  ;  3-79  gr.  by  3  gr.  at  do. 

EIoSm  of  ox  ;  6>8  gr.  by  4*7  gr.  at  da 

EkiSn  of  hog;  1 M  gr.  by  9*0  gr.  at  da 

Elatn  tf  jaguar  ;  3-36  gr.  by  2*71  gr.  at  da 

Elatn  offfoote ;  1 M  gr.  by  9-0  gr.  at  do. 

Eldht  of  the  fat  of  ox,  extracted  by  alcohol^ 
3ields,  by  the  action  of  potash, 

Of  saponified  fat,  92-6  parts. 

Of  s<duble  matter,  7*4 

Those  of  the  other  fats  yield. 

Of  saponified  fat,  119 

Of  soluble  matter,  11 

In  M.  Chevreul's  7th  memoir  on  fiits,  pub- 
lished in  the  7th  vol.  of  the  Ann»  da  Chknie 
et  PAy«.,  he  gives  the  following  as  the  com- 
position of  the  oleates  from  spermaceti  :— 
Oleic  add,  100 

Barytes,  31-24 

Strontian,    '  3318 

Oxide  oflead,     vieo-00 
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If  wa  tuMOM  the  iMt  a  ibdlwle,  the 

3Birabm€irihttokieacidiiiUbe38.  Tlw 
or  oUc  add  of  the  del  obinut  ^hieqis  is 
iwnerfcehly  wduUe  in  cdui  alcohol,  100  peiti 
o£  which  of  ip^.  0-79&,  at  68»,  dinolTel23 
of  the  oiL  When  that  oO  k  freed  bj  cold 
fttvn  a  cryitalliBible  matter,  100  perts  of 
alcohol,  ip.  gr.  0'620,  diaolve  140-4  of  oQ  at 
the  atmomhaic  tanpeatasb  It  miilightly 
add  by  the  teit  of  mmoa,  which  he  aecribei 
to  the  preeeDoe  of  an  aqueous  fluid.  A« 
steaaine  is  i^ponified  by  eoJd  strong  alkaline 
■oliitions,  whOe  dam  is  not,  these  two  sah* 
■eanoes  mi^  be  sepuated,  by  agitating  a 
ootacsDtnted  sdution  of  caustic  soda  in  eontaet 
vitfrihenL  The  mixture  must  betbcnd^hdy 
ImCedy  tosqNUEate  Ae  dain  hem  the  aoap  of 
ttrwifiaru  it  is  then  tibroim  on  a  fllter-ckth, 
and  finally,  the  dam  is  aepaiated  from  the 
nuem  of  alkaline  sdfaition  by  decsntadon. 
This  pcoeesB  is  successful  with  sll  oils,  exoept 
those  whidi  sue  andd,  or  have  been  altond  by 
ftoe.  The  damis  perfectly  identical  with  that 
obtefaied  by  the  pmoeiBes  ofMM.  Ghencol 
andBraoonnot.  PicUty  Ann.  de  Chim.  xtil 
See  Fat. 

£LAOIiITE.  A  sub-spedes  of  pymmidal 
fil^MT.  ColouiSf  duckcbiown  inclining  to 
green,  «id  flcsh-ied  inclining  to  gray  or  brown. 
iCaedvc,  and  in  granular  concnSUns.  Lustre 
sfaining  and  redoous.  Fracture  ImpediBCt 
condoIdaL  Fahitly  tzandufleDt.  Hardness 
aa  mspsr.  Easily  frangible,  flp.  gr.  2-0. 
Its  powdse  fonoos  a  jelly  with  adds.  Before 
the  Uown^  it  melts  into  a  milk-white 
cnameL  Its  constituents  sie  46*6  silica,  30*25 
ainmina,  0-76  lime,  18  potash,  1  ezideof  iron, 
and  2  water.  Klaproth,  The  blue  is  found 
aft  Lanrwig,  and  the  red  at  Stavon  and 
Fdadikkswacm,  bothintheiocknemedsifvoa 
ilfemU.  The  pde  blue  has  an  opoleseenee, 
Ifte  the  Gat*8-eye,  which  occasions  it  to  be 
fitti  into  small  cnianients.  It  is  called  fiU" 
Mtim  laj  Werner,  from  its  resinous  nature.— 
Jbetefoit. 
ELASTIC  BITUMEN.    See  Caout- 

CBOUCy  MmXRALt 

SLBCABIFANE.  From  the  loot  of  the 
wmia  ftfilraiiiwi,  or  deeampane,  Boae  fint 
eztncled  the  peculiar  vegetable  pimdple 
called  laalia.  Al.  Fnnke  lias  since  given 
lbs  fiiQowing  as  the  analysis  of  deosaqpane 
root:— 

A  cytaWiiahlft  volatile  oil. 


attrasUng  and  repelling  light  bodies,  to  an 
inherent  soulor  essenoe  irfikh,  awakened  by 
friction,  veot  forth  and  braogfat  back  the 
small  parddea  floadnffaronnd.  In  times  near 
toourown,  the  same  hypothesis  was  resorted 
to  by  the  honourable  Robert  Boyle.  From 
tkctron^  the  Oredi  name  of  amber,  has  arisen 
the  edeaee  of  deetiidtir,  which  hivestigates 
the  attnctions  and  repuJdons,  the  emission  of 
light,  and  exidoskms,  idiieh  are  produeed,  net 
eody  by  the  friction  df  vitreous,  reonous,  and 
mebdlic  sudbees,  but  by  the  heating,  coding, 
evaporation,  and  nmtnal  contact  of  a  vast 
number  of  bodies. 

i.  GenenU  staUmmU  qf  tketriooi  pAene. 


Eztiactive, 
'      AoBtioadd, 

A  oystsUixable  resin, 

Oluteo, 

A  fibrous  matter  (Hgneeus). 
ELECTRICITY.  The  pheoomena  die. 
played  by  rubbing  a  piece  of  amber,  oonsdtute 
the  fint  physical  fact  recorded  in  the  history 
of  science.  Thalss  of  Miletus,  founder  of  the 
looic  sdMol,  ascdbedils  n^tterious  power  of 


If  we  rub,  with  a  dry  hand  ora  dlk  hand- 
kerddaf,  ai^ass  tube,  md  then  appsoachitto 
Mta  of  paper  or  cotton,  to  ftadierB,  or,  which  is 
better,  gold  leaf,  it  will  fint  attrsct  these 
bodies,  snd  dim  rspd  them.  Ifthetobebe 
hdd  psralld  to  a  table  on  which  they  have 
been  hud,  an  eleetricd  danee  will  be  perftinned. 
If  to  the  Anther  end  of  the  tube  we  hang  a 
bnnball,  by  a  thread  of  linen,  hemp,  era 
mscallic  wire,  the  ball  will  partidpate  with  the 
mbbed  tnbe  In  Us  mysterious  powen.  But  if 
the  ball  be  suspended  by  a  eeid  of  dlk, 
wonted,  or  hair,  or  by  a  rod  of  glass,  wax,  or 
pitch,  the  attraedve  and  repuUve  virtue  will 
notpsssintoit 

When  the  atmosphsn  is  dry,  if  we  take  in 
one  hand  a  rod  of  gkes,  snd  in  the  odur  a 
siic^  of  ssaling.wax.  and  afror  having  rubbed 
them  iigainst  silk  or  worsted,  approach  one 
of  them  to  a  bit  of  gold  leaf  floating  hi  the 
dr,  it  will  fint  attiaet  and  then  repd  it 
While  the  film  of  gold  is  ssea  to  avoid  the 
eontnet  ef  the  rod  whidi  it  hae  touched,  if  we 
faring  die  other  rod  into  its  neighbourhood, 
attBactkm  will  immediatdy  ensue)  and  thie 
altenate  attraodon  and  repulsion  may  be 
strikingly  displayed  by  pbdng  the  two  ex. 
dted  rods  at  a  small  distance  ssunder,  with 
the  gold  leaf  between. 

If  we  nspeod  dose  together,  by  dlk  threads, 
two  cylinden  of  rash-pith,  and  touch  thdr 
lower  ends  with  dther  the  rubbed  wax  or 
glass,  die  pieces  of  pith  will  instandy  recede 
from  eadi  odier  at  a  coodderdble  angle.  If 
we  now  motdy  appsoach  to  the  bottom  of  the 
divccging  eyttoden  the  rod  with  whidi  they 
had  been  toudied,  thdr  divergence  will  in. 
crease;  but  if  we  approach  the  other  rod, 
they  will  instandy  collspae  through  thdr 
whole  extent.  When  die  rode  are  rubbed  hi 
die  dark,  a  lambent  light  seema  diffhsed  over 
them,  snd  a  pungeot  spark  will  psss  into  a 
knuckle  bioi4tht  near  Uiem.  If  die  person 
who  makes  these  experiments  hapoens  to  stand 
on  a  cake  of  wax,  or  a  stool  witti  glass  feet, 
.dien,  on  nibbing  the  glass  tube,  he  will'ac- 
quin  die  above  attractive  andrepuldve  poweni 
but  die  light  bodies  repdkd  by  the  tube  will 
be  attracted  by  hie  body,  and  iticr  vrrM. 

D  O 
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Heaee  we  aee  thit  the  rtMtig  body  aequlict 
electrical  propertlet  dMHimilar  to  those  acquired 
by  the  subttanoei  rubbed. 

Such  ia  a  sketch  of  the  ekme&tary  pheno- 
mena  of  electricity.  The  sdeooe,  in  its  modem 
augmenutioD,  teems  to  oompidieiid  almost 
evoy  change  of  the  oorpuacuJar  world»  how- 
ever  minute  and  mysterious,  as  well  as  theloog 
reoogniacd  and  magnificent  meteors  of  the  au 
mosphere:  Let  us  now  take  a  methodical 
Tiew  of  them,  as  fiur  as  the  limits  of  our  work 
will  permit.  We  shall  consider  electrical 
phenomena  under  four  heads  :— 

1st,  or  the  ExciTEMEVT  of  Electricity, 
or  the  Tarious  means  by  which  the  electrical 
equilibrium  is  disturbed. 

2d,  Of  the  Tvo  EketriciHev 

Sd,  Of  the  DiaTftiBUTiov  of  Electricity. 

4th,  Of  the  Voltaic  Battery  and  its  £r. 
PSCTs:  calorific,  or  igniting;  and  decom. 
posing,  or  the  chemical  agencies  of  electricity. 

CoDoeming  the  nature  of  the  electrical 
essence,  we  are  equally  in  the  dark  as  oon- 
ceming  the  nature  of  caloric.  The  phenomena 
may  te  referred,  in  both  cases,  either  to  a 
peodiar  fluid,  whoae  particles  are  endowed 
with  innate  idio^repulaiye  powersi  or  to  a  pe* 
cnliar  afiecUon  of  the  molecules  of  common 
nuOter. 

I.  QfEleetriealExeUemeat, 

1.  The  mutual  fricikm  of  all  aolids,  whe. 
ther  similar  or  disomilar,  and  of  manr  fluida 
aoainat  solida,  will  invariably  ezdte  ewctrical 
pnenomena,  provided  one  of  the  bodiea  be  of 
such  a  nature  as  to  obstruct  the  speedy  diffii* 
sion  of  the  eleetiical  virtusw  Uenoe  we  must 
ooaunence  with  a  list  of  electrical  cooductors 

1st,  The  foUovring  substances  conduct  or 
favour  the  rapid  distribution  of  electricity. 
Those  at  the  Lead  of  the  list  possess  a  con- 
ducting power  greater  than  that  of  watery  in 
the  proportion  of  three  milUoos  to  one. 


I.  Copper 

3.  Silver 
3  Gold 

4.  Iron 

6.  Tin 
&  Lead 

7.  Zinc 

&  PUtinum 
0.  Chaiooal 

10.  Plumbago 

11.  Strong  adds 

12.  Soot  and  lamp- 

black 

13.  Metallic  ores 

14.  Metallic  oxides 

15.  Dilute  adds 


10.  Saline  solutions 
17.  Animal  fluida 
1&  Sea  water 
10.  Water 

20.  Ice  and  snow 

above  0> 

21.  Living  veoeUbles 

22.  living  anunals 

23.  Flame 

24.  Smoke 
26.  Vapour 

26.  Salts 

27.  Rarefied  air 

28.  Dryearths 

29.  Masdve  minerals. 


Voltaic  electridty  affiirds  the  meana  of 
measuring  the  rtlative  conducting  powers  of 
bodies  with  far  greater  precision  tluui  common 
ekctridty.    In  this  way  Sir  H.  Davy  dis- 


covend  diat  the  condnctiag  power  of  aietallic 
bodiea  varied  with  the  temperature,  and  was 
lower  in  some  inverse  ratio  as  the  temperature 
was  higher.  Thus,  a  wireof  platinum  of  ^^ 
of  an  inch,  and  3  indies  in  laigth*  when  lu^ 
cool  by  oil,  discharged  the  dectridty  of  two 
batteries,  or  of  20  double  platea  ;  but  when 
suffered  to  become  heated  in  the  air,  it  hardy 
discharged  one  battery.  Six  indiea  of  silvff 
wire  of  «^  discharged  the  whole  of  thedec- 
tridty  of  06  pairs  of  plates  of  sine,  and  doable 
copper,  made  active  by  a  mixture  of  about 
one  part  of  nitric  add  of  oommoroe,  and  fifteen 
parts  of  water.  Six  inches  of  copper  wise  of 
the  same  diameter,  discharged  the  dectiidty 
of  66  pairs  of  the   same   combinatians  6 


inches  of  tin,  12  pairs  of  plates  oolyj  6  of 
platinum,  11;. and  6  of  Iron,  only  0.  Alldie 
wirea  were  kept  as  cool  as  posdble  by^  immo- 
sum  in  a  basin  of  water.  Lead  and  ooppa 
were  much  alike.    PML  Trmu.  1821. 

M.  Beequerd,  by  the  aid  of  an  dectm- 
magnetic  apparatus,  obtained  the  fisUowng 
results  on  the 
kept  cool  :—.< 


oondnotihility  of  metala»  when 


sar 

SUver 

Zinc 

Tin 

Flathmm 

IrA 


Atercnry 
Potassium 
AnmUes  it  CMm.  et 


Phjf9< 


non-coodnclocB, 
ing  power. 


iwing 


93.60 
73-60 
28.60 
16.60 
1640 
16.80 

8.30 

346 

1.83 
zBrii42a 

of  dedricd 
order  of  thdr  insulat. 


1.  ShdUac 

14. 

8.  Amber 

&  Resins 

16. 

4.  Sulphur 

16b 

6.  Wax 

17. 

6.  Asphaltom 

7.  OIms,  and  all  vi- 

1& 

trified  bodies,  com* 

19. 

ud     oySallised 

21. 

rab 

22. 

8.  Rawdlk 

23. 

9.  BleadiedsOk 

10.  Dyed  silk 

24. 

11.  Wool,  haur,  and 

feathers 

26. 

12.  Dry  gases 

13.  Diy  paper,  parch- 

The  general 


Baked  wopdt  and 
dried  vcg^abks 

Porodain 

Marble 

Masdveminaralii 
non-metallie 

Camphor 

Caotttchone 

Lyoopodinm 

Dry  chalk  snd 
Mme 

Phoophoms 

Ice  bdow  0»  of 
Fahr. 

OiKofwhidithe 
denseat  are  best 

Dry  metallic  oi- 
idca,  indudiag 
iiued  alkalifie 
and  earthy  br 
dratea. 

of  the  Above  list 


ELE 


40S 


ELE 


is  uAerMf  ctfRect,  ihooA  it  Is  miMbletluit 
ploiplionu,  when  freed  from  adhering  mois- 
ti3re,  would  itand  hij^er  among  innilaton. 

AU  material  lulwtances  haye  been  usaaUy 
^hrided  into  two  daiace ;  of  electrics,  and  non« 
electrica.    But  this  distinction  is  groundless, 
and  CBlcnIated  to  mislead.    Every  substance 
is  an  electric,  or  capable  by  friction  of  exhi- 
biting   dectrical  phenomena.    Thus,  if  we 
take  any  of  the  bodies  in  the  first  list,  which 
mre   commonly  called  non  dectrics,  for  in- 
stance a  copper  baD,  and  hisdating  it  by  a 
rod  af  anr  convenient  solid  in  the  second  list, 
if  we  rub  the  hall  with  a  piece  of  silk  or 
-wonted,  we  shall  find  it  to  become  dectrical 
It  win  attract  and  repd  light  bodies,  and  will 
|jiTeladd  sparks  to  a  fing^  whidi  approadies . 
It.      To  account  for  these  appearances,  H 
haa  been  said  that  the  dectrical  equilibrium, 
wlddi  constitutes  the  common  stete  of  matter, 
m  distohed  by  the  friction ;  and  that  one  of 
the  two  bodies  attracts  to  itself  a  suidiarge  of 
the  dectrical  fiuid,  while  the  other  remains  hi 
a  deficient  state ;  whence  the  terms  of  podtiTe 
and  negative,  or  plus  and  minus,  have  arisen. 
Many  of  the  appeanmces,  however,  are  recon- 
ciled with  difliculty  to  a  mete  excess  or  defi* 
dency  of  one  fluid;  and  hence  the  hvpothesis 
of  a  compound  fluid,  susceptible  of  decoropo- 
dtion  by  friction  and  other  means,  has  been 
introduced.    Tlie  resulting  fluids  are  neees- 
ssrily  coexistent,  the  one  appearing  on  the  body 
rubbed,  and  the  other  on  the  rubber;  but 
since  the  one  is  most  usually  evolved  on  the 
surftce  of  glass,  and  the  other  on  that  of  re- 
sina,  the  first  has  been  called  the  vitreous,  and 
tfie  seeond  the  icdnous  dectridty.    These 
two  fluids,  corresponding  to  the  positive  ttid 
Bcgadve  of  Franklin,  by  thdr  reunion  pro- 
daee  a  spcdes  of  redprood  uentraliaation,  and 
dectrical  repose.    Some  recent  investigations 
of  that  profound  physico-geometer  M.  Poisson, 
render  the  second  explanation  the  less  Impro- 
bable of  the  twa    Let  us  dways  bear  hi 
mind,  however,  diat  die  hypotheticd  thread 
iriiicfa  we  employ  at  present  to  tie  together  the 
statuaed  Acts  of  dectridty,  is  probably  very 
different  from  the  chahi  of  nature. 

There  seems  to  be  no  phyrical  quality  com- 
mon to  the  oonduetocs,  or  to  the  non-con- 
dttdon.  The  crystalline  arrangement  dwajrs 
intooduces  non-conducdng  qudities,  more  or 
less  perfect,  if  we  exdude  the  metals.  Thus 
carbon,  in  the  pulverulent  or  fibrous  form,  is 
an  excdlent  conductor;  but  crystallized  in 
diamond,  it  becomes  an  insulator.  The  same 
di^reoce  exists  between  water  and  ice,  and 
also  between  pounded  and  compact  glass.  That 
pounded  glass  is  indeed  a  conductor,  appears 
from  my  experiments  to  be  certainly  the  case. 
Glaas,  resins,  and  fius,  whidi  in  the  solid 
state  are  non-conductors,  become  conductors 
on  behig  mdted. 

On  tSeevolntion  of  dectridty  liy  friction,  is 
Ibundsd  the  consinidian  of  anr  comnion  dec- 


trical madiines.  ItwMsttppoaedatonethne, 
that  their  action  was  connected  with  the  oxi- 
dizement  of  the  amalffam,  whidi  is  usuatty 
applied  to  the  hee  of  the  rubber.  '  But  Sir  H. 
Davy  having  mounted  a  snoall  machine  in  a 
glass  vessd.  In  sudi  a  manner  that  it  oould  be 
made  to  revolve  in  any  spedcs  of  gas,  found 
that  it  was  active  in  hydrogen,  and  more  active 
in  carbonic  acid  than  even  in  the  atmosphoe. 
Indeed,  if  we  recollect  that  the  ftictfton  of  sur- 
fikces  of  ghMs,  silk,  or  seaUng-wax,  is  suflldent 
to  produce  dectricd  appearances,  we  cannot 
suppose  oxidisement  of  metal  to  be  essential 
to  their  production.  If  we  even  impd  a  cur- 
rent  of  air,  or  a  minute  stresm  of  pure  meiw 
cury,  on  aphtte  of  dry  ^Uas,  dectrical  exdte- 
ment  wiU^nsult. 

The  dectricd  phenomena  exdtcd  by  fric 
don  are  generally  so  energetic,  as  to  icqulM 
nothing  but  bits  of  any  light  matter  for  their 
exhibition.  When  we  have  to  detect  the  die. 
taibance  of  die  dectricd  cquOlbrinm,  ooca* 
sioned  by  odier  and  feebler  causes,  more  re. 
fined  eketrotcemh  means  are  required.  The 
most  delicate  of  sunple  dectroscopes  condst  <^ 
two  obloog  narrow  dips  of  gold  leaf,  sus- 
pended from  the  centre  of  the  brass  cap  of  a 
p^lass  cylinder,  about  2  inches  diameter,  and  6 
mches  long.  The  bottom  of  the  cylinder 
diould  rest  in  a  metallic  sole ;  from  which,  on 
die  oppodte  sides,  two  narrow  slips  of  dn-foil 
should  rise  up  the  inner  surfiioe  of  the  glass  to 
the  levd  of  the  middle  of  the  pendent  slips  of 
gdd  loaf.  Coulomb's  dectroscope,  whidi  acts 
by  the  torsion  of  a  fibre  of  thesilk-woim,  sus- 
pending  in  a  glass  case  a  horiaontd  needle  of 
shdlhic,  temdnated  in  a  litdediac  of  gilt  paper, 
is  stin  more  sennble,  and  is  much  employed 
by  the  Parisian  phOosophers.  Aided  by  duier 
of  these  instruments,  we  can  observe  the  cxdte- 
roent  of  dectricd  phenomena  in  the  foUowing 
cases,  independent  of  friction. 

2.  In  the/ffMlo»  of  hiflammable  bodies.  If 
we  pour  mdted  sulphur  into  an  insulated  me- 
tdlic  cup,  we  shall  find  afrer  it  concrete  that 
the  sulphur  and  cop  will  be  bodi  dectrified ; 
the  former  with  the  vitreous,  the  latter  with 
the  rednous  dectridty ;  or  sometimes  reversdy. 
But  Messn.  Van  Marum  and  Troostwyck, 
from  a  series  of  experiments  which  they  made 
on  a  number  of  bodies,  were  led  to  condude 
that  the  dectridty  was  produced  in  such  cases 
as  the  above,  dther  by  the  friction  from  dwnge 
of  bulk  when  the  melted  matter  concretes,  or 
from  the  friction  which  the  dectricd  Ixdies 
undergo  when  they  spread  upon  the  surfaces 
of  other  bodies,  upon  which  they  are  poured 
in  the  liquid  state.  When  glacial  phosphoric 
add  congeals,  and  when  calomd  concretes  In 
sublimation,  dectricd  phenomena  are  pro- 
duced. The  experiments  of  Henly  on  the 
dectridty  excited  during  the  concretion  of 
mdted  diocolate,  do  not  seem  easily  explica* 
ble  on  the  principle  of  friction.  When  it  is 
cooled  in  the  tin  pans  into  which  it  is  fint  re- 
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ceiTed,  Um  elaetrid^  it  fining,  aad  oontfamei 
for  tome  tune  after  Itu  removed.  When  it  is 
again  rndtsd  and  allowed  to  oool«  the  electrical 
▼irtue  is  nttored,but  not  to  ita  fonner  strength. 
After  the  thizd  or  fourth  fusion,  the  eleqtridty 
becomes  exoemely  weaJu  Wh^  the  cboodate 
is  mixed  with  a  little  olive  oU  before  it  is  ponied 
out  of  the  pan,  it  then  becomes  strongly  elec- 
tricaL  JHoir,  in  so  far  as  friction  is  concerned, 
we  should  have  the  dedzical  phenomena  as 
decided  at  the  fourth  fusion,  aa  the  first;  and 
the  presence  of  oil  ought  to  lessen  the  efl&ct, 
as  it  diminishes  the  friction.  It  is  highly  pro- 
bable that  the  act  of  ciystalliiatiaa  always  in- 
duces a  change  of  the  electrical  equilibrium; 
as  the  crystaUioe  structuie  changes  the  elec- 
trical rdatioos  in  geneisL 
3.  Electriciky  produced  bj  evtforstiom. 
If  on  the  cap  of  the  gola  leaf  dectroeoope 
we  plaoe  a  small  metulic  cup,  containuiff  a 
little  water,  and  drop  into  it  a  led-hot  dncur, 
the  ^Id  leaves  will  instantly  divetge  to  a  Teiy 
considemble  angle.  Or  if  we  inmlate  a  hot 
anidble  of  iron,  copper,  silver,  or  porcelain, 
and  pour  into  it  a  few  drops  of  water,  alcdiol, 
ot  cdMr,  on  connecting  the  crucible  with  an 
elaetBOicope,  electrical  phenomena  will  ap- 


4.  Electricity  produced  by  ditengagemetU 
of  gas. 

If  into  a  ^Uatinum  cup,  resting  on  the  top 
of  the  electroaoope,  we  put  a  litde  dilute  iuU 
phnric  add,  and  then  throw  in  some  ino 
filings  or  chalk,  the  gold  leaves  will  diveqieas 
the  effervescence  becomes  active^  The  same 
thing  is  produdble  with  nitric  add  and  copper 
fiUogs. 

5.  Electridty  produced  by  disruption  of  a 
solid  body. 

If  we  suddenly  tear  asunder  plates  of  mica, 
break  across  a  stick  of  sealing-wax,  deave  up 
a  piece  of  dry  and  warm  wwd,  or  scrape  its 
surface  with  window  glass,  or  finally  cause  a 
bit  of  unannealed  glass,  such  as  a  Prince  Eu- 
pert's  drop,  to  fly  asunder  by  snapphig  off  a 
bit  of  its  tail,  the  electrical  equilibrium  will  be 
disturbed.  Most  of  these  cases  may,  however, 
be  probably  referred  to  fUctioa  among  the  mo- 
lecule. To  the  same  head  we  may  also  refer 
the  electridty  exdted  by  sifting  various  pow- 
ders and  metallic  filings  through  a  metallic 
sieve,  or  by  dropping  them  on  iiMmlaKni 
plates.  ^ 

6.  Electridty  exdted  ti)r  Oumge  of  tempo- 
rature. 

M.  Haliy  made  the  important  discovery, 
that  the  property  of  exhibiting  electrical  phe- 
nomena  by  heat,  belongs  to  those  crysteb  only 
whose  forms  are  not  symmetrical ;  that  is  to 
say,  of  which  one  extremity  or  side  does  not  cor- 
respond with  the  opposite.  Thus,  for  exam- 
ple, the  variety  of  tourmaline  which  he  calls 
iwgoae^  a  prismatic  crystal  of  nine  sides,  ter- 
minated at  one  end  with  a  three-aided,  and  at 
the  other  with  a  six-sided  pyramid,  when  ex- 


posed to  the  tettpcEttoK  ^  ia0»  FUbr. 
no  sign  of  electrid^.  But  if  we  phnge  it  isr 
some  minntes  into  boiling  water,  and  taking  it 
out  with  small  foroms,  by  the  middle  of  the 
prism,  present  it  to  tne  cap  of  the  deotraooope, 
or  to  a  pith  ball  pendi4nm  already  cfaazged 
with  a  Imown  deiiridty,  we  shall  find  it  will 
attract  it  with  one  of  its  pedes,  and  repd  with 
the  other.  The  three-cided  ppamid  possesses 
the  resinoDS,  and  the  six«ded  tlie  vitreoot 
electridty.  Although  an  elevation  of  tempos 
ture  be  necessary  to  devdop  tins  uwipeiif,  it 
is  not  needed  for  its  maintenance  It  will  can- 
tioue  dectrical  for  ux  boors  after  its  tcsnoipen. 
tore  has  fallen  to  the  former  point,  cmBaa% 
if  it  be  laid  on  an  inipilating  support,  in  fret, 
it  loses  its  dectridty  more  dowfy  th^n  a  pisee 
of  diass  in  rimUar  circomfltanoes. 

This  property  of  attiacting  lioht  bodJei 
when  heated,  was  reoognixed  by  the  aacicals 
in  tourmaline,  which  was  nokpUy  diek  Jj^ia- 
curium.  The  Dutdi  in  Ceylon  gare  it  the 
name  of  AuhciUrikher^  finxn  ita  atttactiqg 
the  ashes  when  a  piece  of  it  was  laid  near  die 
fire.  It  appears  that  a  heat  above  212*  ias- 
pairsits de^rical  activity;  and  that  it  ia some 
time  before  it  recovers  its  jniatnie  virtue. 
When  the  tourmaline  is  large,  it  is  esmblesf 
emitting  flashes  of  electriodUgfat.  TheBta^ 
siliah  or  Siberian  topas  exhibits  die  same  phfr* 
nomena  by  bdxigalic^y  heated.  ThatoDBHS 
of  Saxony,  and  the  Uue  topas  of  Aberde(»> 
shire,  an  dectrical  only  by  friction.  Boisdfee, 
mesotype^  and  crystsUiaed  calamine,  poasesi 
similar  properties  of  beoaming  ebctrioal  with 
heat. 

7*  Electrid^  produced  by  oontact  of  ^B^ 
simibr  bodies.  If  we  take  two  flat  diso,  one 
of  silver  or  copper,  and  another  of  sine,  each 
two  or  three  inches  diameter,  fiimished  with 
glass  handles,  and  bring  them  into  momentary 
contact  by  thehr  flat  surfaces,  we  ahall  fbd,  on 
sraaating  them,  that  they  are  both  dectiified. 
u  we  touch  a  disc  of  sulphur  gently  heated 
with  the  insulated  copper  plate,  tibe  dectriod 
effects  will  be  stin  more  striking.  Add  crys- 
tals, touched  with  metallic  pliScB,  yidd  dec- 
trical phenomena.  Finally,  crystals  of  osslie 
add,  brought  into  oontact  with  dry  quicklime, 
devdope  electridty.  On  the  exdtatkai  of 
dectridty  by  oontact  of  disdmikr  chemiosl 
bodies,  u  foonded  the  princwle  of  galvanic 
action,  and  the  construction  of  the  voltaic  bat- 
tery. Of  this  apparatus  we  shall  treat  in  the 
sequeL 

If  dty  oxalate  of  lime  be  stirred  in  a  e^Mok 
of  metal,  &c.  with  a  platuram  ^atula,  it  be- 
comes so  strongly  dectrical,  that  it  cannot  be 
collected  ti^gether,  but  flies  about  the  diib 
whenever  it  is  moved,  and  even  over  its  sidci. 
It  requires  some  little  stirring  befon  the  par- 
tides  of  the  powder  are  dl  of  them  suflkiesdj 
dectricd  to  produce  this  effect.  After  it  i* 
exdted,  if  it  be  shaken  in  small  quanti^,  oo 
the  csp  of  a  gold  leaf  dectraraeier,  the  leans 
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}>tor  SintliM.  The  pondv  n^uint 
to  be  lesmdy  Hid  thoMo^  dried  to  sbow 
Aeee  efieots,  ei  it  it  of  e  ¥cry  h^groinelrie 
ooelity.  Pladnam  rubbed  against  the  pow- 
flier  beeomet  negadve ;  Ae  powder,  positiye  9 
and  an  other  metala  txiBd,  the  same  as  plati- 
amL  When  ivbbed  fPith  ghna,  the  ghus 
hocwnw  atrang^  neoative,  the  oxalate  positive^ 
both  being  dry  and  wann.  TUi  body,  there. 
iBiey  appeaiatoetMidattheheadof  theliatof 
all  aubataaeea  aa  yet  tried,  «  to  ili  power  dt 
beooiningpoeithrelv  dectriod  by  iUetion.  Ota* 
lutes  of  aine  and  load  prodnoe  none  of  these 
flifectii    Mr*  Faradauy  Jawmai  of  Sdtnce, 

n.  Cfihe  fm  ElBCtriMei. 
We  have  afaeady  stated,  that  the  two  eleo- 
tiicitiei  are  idwaja  eonnate  and  aimnltaneooa. 
I£  iSbey  leaalt  nun  liie  deecmpoBitien  of  a 
qpfaicent  neutial  compofmd  fluid,  we  cm 
caailf  tee  that  this  oo-exialmoe  is  inevitable. 
Henee  also  we  can  understand,  how  any  body 
hf  fiictkn  nmy  be  made  to  exhibit  dtber  of 
the  two  electricities,  aoeoidingto  the  natnie  of 
tlie  rubber.  The  only  exception  Is  the  back 
of  aliviag  cat,  which  eivea  Titicous electricity 
with,  every  rubber  hi^erto  tried.  To  know 
tite  species  of  eleetiicity  evdhred,  it  is  merely 
■ecBBsaiy  to  oraoinQnicato  beforehand,  to  the 
alipa  of  sold  Icai^  a  known  electricity,  either 
ftom  SBcdted  glass  or  sealing  wax.  If  they  be 
divcBgcBt  wiUi  die  former,  then  the  approach 
of  «  body  similaily  electrified  will  augment 
the  divcKence,  but  that  of  one  oppositely  elees> 
mfled  wffi  cause  dieir  ooUapse. 

The  following  is  a  table  of  several  sub- 
alsBKea  which  acquiee  the  vitieooa  electricity, 
when  we  rub  than  with  those  which  follow 
Aem  in  the  list ;  and  the  reshious  electrid^, 
wiMO  rwbbed  widi  those  that  precede  them. 

The  sUn  of  a  cat. 

Polished  or  smooth  glass. 

Woollen  stuff  or  worsted. 

Feathers. 

Dry  wood. 

Pai 


Paper. 
8ilL 


Lac 

fioughened  (^ass. 
No  viaible  rdation  csn  be  pofaited  out  be- 
tween  the  nature  or  eonsdtution  of  the  sub- 
stances,  and  the  spedes  of  dectridty  which  is 
devdoped  by  their  mutual  friction.  The  only 
general  low  among  the  phenomena  is,  diat  the 
rubbing,  and  the  rubbed  body,  always  acquire 
oppeaite  dsctzidties.  Soli^ur  is  ntreonsly 
electrified  when  rubbed  with  every  metal  ex- 
cept  ksd,  and  rednoudy  with  lead  and  eveiy 
other  kind  of  rubber.  Resinous  bodies  rubbed 
against  each  other,  aoouire  dtematdy  the  vi- 
treous and  resinous  electridty;  but,  rubbed 
against  oO  other  bodies,  they  become  reauxMisly 
Metrical.  White  silk  acauires  vitreous  dec- 
tridty with  black  sOk,  metals,  and  black  doth ; 


paper,  die 

and  weasdti  skin.  jBlack  dik  beoomes  vitre- 
oody  dectricsl  with  sealing-wax ;  but  redn- 
oudy with  hares*,  weasds'  and  fbiets'  skins  1 
with  brsas,  silver,  iron,  human  hand,  and  white 
silk.  Woollen  cloth  is  strongly  vitreous  with 
sfaic  and  bismuth ;  moderate^  so  with  stiver, 
eopper,  lead,  and  specnlariran.  It  isvesinona 
with  pladna,  gdd,  tin,  antimony,  gray  copper, 
sulphuret  of  copper,  bisulphuret  of  copper, 
sulphmets  of  diver,  antimony,  and  iron* 
Mlien  two  ribands  of  equd  anrfiice  are  exdted 
by  drawing  one  lengdiwise  over  a  part  of  the 
other,  that  which  has  sufibed  fricdon  hi  its 
whole  length  beoomes  vitreoudy,  and  the  other 
resinoudy  dectricsl.  Dry  air  impdled  on  glaas 
becomes  reshioudy  decoiosl,  and  leavea  the 
dasB  hi  die  opposite  state.  Silk  stnfis  agitated 
m  the  atmosphere  widi  a  rapid  motion,  dways 
take  the  resinous  dectridty,  while  the  air  be. 
comes  vitreoudy  dediifled.  A  riband  of  white 
dlk,  rubbed  against  a  w^  dyed  bladE  one^ 
aflbrds  dways  marks  of  vitrsous  electricity; 
but  if  the  bladr  silk  be  mudi  worn,  and  me 
white  riband  be  heated,  it  will  yidd  signs  of 
lesinous  dectridty,  snd,  on  coding,  it  will 
again  exhibit  marks  of  the  vitreous.  The 
generd  result  which  was  deduced  by  li. 
Coulomb,  ftom  his  very  numceoos  and  esmet 
experiments  on  dds  curious  subject,  is  the 
fbidowing : — 

When  the  suribees  of  two  bodies  are  rubbed 
together,  that  whose  component  parts  recede 
leut  from  each  other,  or  elevate  least  from 
dieff  naturd  podtion  of  repose,  appear,  in 
consequence,  more  disposed  to  assume  die 
vitreous  electridty;  this  tendency  augmenia 
if  the  surfkoe  experiences  a  transient  com- 
presdon.  Redprocslly,  that  surface  whoae 
partides  deviate  most  from  their  ordinary 
position  by  the  vk>lenoe  of  the  other,  or 
by  any  cause  whatever,  is,  for  that  reason, 
moTB  diflposed  to  take  the  resuious  condition. 
Tins  tendency  increases  if  the  surface  un- 
dergo a  red  dilatation.  The  stronger  is 
this  oppodtion  of  drcumstances  the  more 
energedc  is  the  devdopment  of  electridty  on 
the  two  surfroes.  It  grows  feebler  m  propor- 
tion aa  their  state  beoomes  more  similar.  Peiu 
feet  equdity  would  nullify  thephenomena,  pro- 
vided  it  could  exist  Thus,  wlien  a  dry  ani- 
md  or  vegetable  aubstanoe  is  rubbed  agdnat  a 
roo^  metsllic  surface,  it  exhibits  signs  of  rft> 
sino^s  dectridty.  In  this  case,  its  parts  are 
forcibly  separated.  When,  on  the  odier  hand, 
it  is  rubbed  on  a  polished  metd,  winch  scarce, 
ly  aiFectB  its  surface,  or  merdy  compresses  the 
partides,  it  either  affords  no  evidence  of  electri- 
city,  or  it  exhibits  the  vitreous  kind.  Heat,  by 
dilating  the  pores,  acts  on  the  surfaces  of  bodies 
as  a  coarser  rubber  would  da  It  disposes  them 
to  take  the  resinous  dectricity.  Thus  also  new 
black  silk,  strongly  dyed,  bdng  rubbed  against 
a  riband  of  white  silk,  takes  dways  die  resni. 


citj  than  the  black  silk,  and  oonaequently 
makes  it  ▼itreous.  This  dispositioii  vanishes, 
w  might  be  expected,  with  the  accidental  cause 
that  produced  it,  and  the  white  riband,  on  be- 
coming cold,  reacquires  the  yitxeous  dectridtj. 
The  blade  dye  produces  on  wool  the  same 
effect  as  on  silk.  A  white  riband,  rubbed 
against  white  woollen  stuff,  gives  always  signs 
of  resnions  dectridty ;  but,  against  wool  d^ed 
black,  it  afibrds  signs  of  the  vitreous  electriaty . 
I  have  entered  somewhat  minutdy  into  the  de- 
tail of  the  apparently  trifling  causes  whidi 
give  bfarth  to  the  one  or  the  other  dectridty,  «s 
they  may  tend  to  Uuow  some  light  on  the  elec- 
tridties  evolved  among  chemical  bodies  by 
friction  or  simple  contact.  It  has  been  sup- 
posed, indeed,  that  unoomliined  adds,  alkalis, 
and  metals,  are  naturally  and  oonstantlv  m  an 
dectrized  condition ;  the  first  resinously,  the 
second  and  third  vitreously.  But  of  this  posi- 
tion, there  is  ndther  probability  nor  evidence. 
The  dectridty  produced  by  their  contact,  on 
an  extensive  surface,  with  other  bodies,  is  evi- 
dently a  disturlMUice  of  the  pre-exiBting  equili- 
biinm.  A  wire  connected  with  the  most  ddi- 
cate  dectrotoope  of  torsion,  which  moves 
through  W*  with  a  force  of  less  than 
l-100,000th  of  a  grain,  will  indicate  no  dec- 
tridty, when  made  to  toudi  the  most  enei- 
gedc  add  or  alkaline  body. 

In  describing  the  two  dectridties,  we  must 
not  omit  the  interesting  observatians  of  Ehr- 
man.  There  are  substances  of  the  imperfect 
conductor  class,  which  are  capable  of  reodv- 
ing  only  one  Idnd  of  dectridty,  when  made  to 
farm  links  in  the  vdtaic  chain.  M.  Ehnnan 
styled  them  unipolar  bodies.  Perfectly  dry 
soap,  and  tiie  flame  of  phosphorus,  when  con- 
nect with  the  two  extremities  of  the  vdteic 
apparatus,  and  with  the  ground,  discharge 

Flamei  attracted  hy  the 
PotUive  BaB. 
Phosphuietted  hydrogen,  dightly. 
CariMinic  oxide  in  a  smaU  stresm,  doubtfuL 
Ditto  in  large  stream* 
The  add  from  the  flame  of  sulphur. 
Flame  and  add  Amies  of  phosphorus. 
Stream  of  muriatic  add  gas,  shown  by  coating 

the  balls  with  litmus  paper. 
Stream  of  nitrous  add. 
Vapour  of  benzoic  add. 
JMtto  of  amber. 


connected  with  only  one  pde  of  tlie  pile,  and 
with  the  ffTOund,  destroy  the  diveigenoe  of  the 
leaves  of  the  electroscope  attached  to  ihat 
pole.  To  render  these  results  manifrBt,  inso- 
late  in  dry  weather  a  battenr  of  about  300 
pairs  of  plates.  Connect  with  eadi  extreme 
pde  the  cap  of  a  gold  leaf  dacteoacopc,  by  a 
moveable  wire,  when  dther  dectroKope  is 
brought  in  contact  widi  soap  commnnifating 
with  the  ground,  the  slight  dhrergcDce  of  the 
gold  slips  ceases.  But  when  the  soap  ia  con- 
nected  widi  both  dectnscopes,  and  alao  iridi 
the  ground,  the  divergence  of  the  leavea  of  the 
dectioscope,  attached  to  the  sine  end  or  vitre- 
oudy  dectrified  pole,  will  continne,  while  the 
leaves  of  the  other  dectroscope  will  ooDspse. 
The  mverse  order  of  effects  oecma,  or  the 
smc  electroscope  collapses,  when  the  flame  of 
a  taper  is  connected  with  both  dectrowopei 
and  with  the  ground. 

Mr.  Bronde,  in  an  ingeoioas  paper  pd>* 
lished  m  the  PhiL  Trans,  far  1814,  hsi 
endeavoured  to  explain  the  carkms  phenomms 
with  leprd  to  flsmes  in  another  way.  Ai 
some  chemical  bodies  are  supposed  by  Urn 
to  be  naturally  in  the  resinous,  and  odien 
in  the  positive  dectiical  state,  he  soppoaes  that 
the  positive  flame  will  be  attracted  and  neutra. 
lixe  the  negative  pdaiity,  while  the  negatire 
flame  wiU  operate  a  simflar  lestoiation  of  the 
equilibrium  at  the  positive  pole.  TodeienniDe 
the  truth  of  this  hypodiesis,  he  pbeed  the 
flames  of  vsrious  bodies  between  two  insulated 
brass  spheres,  containmg  eadi  a  ddicate  ther- 
mometer.  His  first  experiment  verified  Mr. 
Cuthbertson's  observation,  that  the  flame  of  a 
candle  communicatea  its  heat  chiefly  to  the 
negative  ball,  both  being  ieebly  dectrified  by 
a  cylindricd  machine  of  Nainie*s  constnic- 


I^egaHoe  Ball 

Olefiant  gas. 

Sulphuretted  hydrogen,  di^tly  ;  its  sopor- 
ous add  vapimir  passed  off  to  the  positive 
ball. 

Arsenuretted  hydrogen;  its  arssokms  acid 
passed  feebly  to  the  other  balL 

Hydrogen;  roult  doubtftd,  flnom equality  of 
attraction. 

Flame  of  carburet  of  sulphur ;  its  acid  fiunei 
passed  to  the  positive. 

Flame  and  alkaline  fimies  of  | 

Flame  of  bcnaoic  add. 

Flame  of  camphor. 

Flame  of  resins. 

Flame  of  amber. 


do  not  affect 


Jt  obnouii  Umt  when  eoaneebad  with  ibtpotU 
<n«  pole  of  the  bsttojr,  and  with  a  gold  leaf 
dectrometei^  the  katea  will  continue  to  di- 
verge <  bat  when  applied  to  the  negative  poLcy 
that  dectricsl  rtate  will  be  annihilated  by  the 
inhecent  poaitiveenecRy  of  theflame,  and con- 
•equcDtly  the  ksvea  ottlie  negative  eleetrometer 
wulnotdiveqie.  On  the  other  hmd,  the  flame 
of  phoiphetiia  ia  negatively  unipolar.  Now  it 
hag  bcfli  ahown  tiiaik  thia  flame,  (owing  pro- 
b«blf  to  die  apidity  with  which^tia  forming  a 
powerlol  acidf  by  combination  with  a  la^ 
qoantilT  of  oxygen),  ia  attracted  by  the  posi- 
tively eieetrified  tui&oe,  and  coniequentiy  that 
it  la  iiaeif  negative,  10  that  it  would  tzansmit 
negative  dectridtv  to  the  electrometer,  but 
would  annihilate  the  negative  power,  and  thus 
'  aa  an  insulator  under  the  particular 
nces  whidi  M.  Ehrman  haa  de- 
I  shall  not  stop  to  investigate  the 
I  of  tfacie  ingeniouB  condosiona.  They 
the  vnipdbrity  of  dry  soap: 
which  on  ILr.  Brande's  theory  of  that  of  flames, 
Aoold  be  naturally  and  pomanently  in  the 
stale  of  poaitive  deenid^ ;  which  we  know  it 
Bottobe. 

III.  qftikeDUMbuOoH  of  Electricity. 
•  Under  thia  head  we  shall  be  able  to  arrange 
serotnl  important  phenomena,  which,  by  thdr 
disjunction  have  been  frequendy  rendered  com- 
plaanddiflkultofoomprdiension*  We  shall 
treat.  In  the  first  place,  of  the  distribution  of 
eHker  deetridty,  faiaulated  in  one  body,  and 
in  a  system  of  bodies  in  contact :  intheseoond 
place,  the  distribution  of  electricity  in  a  system 
of  contiffuooa  bodies,  not  in  contact 

1.  Ifwe  communicate  deetridty  to  an  inau. 
kted  netallie  sphere,  we  shall  find  the  whole 
deetrfc  power  diffused  over  its  surface,  and 
Ae  pojtides  hi  its  interior  absohitdy  devoid 
of  the  leaat  dectric  virtue.  Let  the  ball  of 
ino  or  bnss  have  a  hole  of  about  an  indi 
diameter,  readung  to  its  centre.  Then  on 
touching  the  centre  with  a  metallic  spherule 
attached  to  the  end  of  a  needle  of  lac,  and 
intsBitly  applying  it  to  a  delicate  dectro- 
seope,  we  shall  percdve  no  sign  of  electridtr 
wliatevcr.  If  the  spherule,  nowever,  toudi 
the  outer  edge  of  the  hole,  or  the  surface  of 
the  ^obe  at  any  pdnt,  it  will  acquire  a  very 
manifest  deetridty.  Hence,  if  we  apply  for 
a  moment  to  the  snHhce  of  an  dectrified  24 
pound  shot,  two  hemispherical  caps  of  tm- 
finl,  furnished  with  insulatms  handles,  we 
than  find  that  the  whole  electrical  rirme  has 
passed  into  the  cupa,  whose  wdgfat  may  not 
equal  the  ten-thoosandth  part  of  that  of  the 
ban.  This  distribution  is  totally  faidependent 
ef  the  nature  of  the  substance,  and  is  dedud- 
ble  from  the  Uw  discovered  by  Coulomb,  that 
dectrlcal  attzaetioDa  and  lepuUona  are  hi- 


surfiux  of  thebody,  will  be  the  nme  with  the 
thin  stratum  in  its  interior.  If  the  proposed 
spheroid  be  an  dlipsoid,  the  inner  surface  of 
tne  electrical  stratum  will  be  also  a  concentric 
and  shnHar  dlinsoid,  for  it  is  demonstrated 
that  an  elliptical  stmtum,  whose  surfiices  are 
thus  concentric  and  similar,  exercises  no 
action  on  a  pobt  placed  in  its  interior.  The 
thickness  of  the  layer  in  eadi  of  its  points  is 
found  generally  determined  by  this  construc- 
tion. It  hence  results  that  this  tluckness  is 
greatest  at  the  summit  of  the  greater  axis,  and 
least  at  the  summit  of  the  smaller.  The 
thickness  ooixesponding  to  the  difierent  sum- 
mits, axe  to  each  other  aa  the  lengths  of  their 
respective  axes. 

2.  Were  the  atmosphere  and  the  glass  sup- 
port perfect  non-conductors,  the  above  distri- 
bution  would  continue  till  some  other  body 
was  brou^t  near  to,  or  in  contact  with,  the 
ball.  But  the  surface  of  even  lacquered  glass 
yidds  dowly  to  the  idio-repulsive  power  of  the 
dectrical  fluid ;  and  the  atmospnere,  partly 
by  ita  aqueous  particles,  and  partly  by  its 
own  feebly  conducting  power,  continually  robs 
the  globe  of  its  deetridty.  The  immediate 
atrial  envdope  no  sooner  acquires  electric 
impregnation  than  it  recedes,  and  is  replaced 
by  a  new  sphere  of  gaaeous  partides.  By 
this  intestine  ajirial  movement  of  repulsion 
and  attraction,  the  ball,  in  a  short  time,  loses 
its  excess  of  vitreous  or  resinous  deetridty, 
and  resumes  the  neutral  state.  By  placing  it 
in  the  centre  of  a  dry  glass  recdver,  the 
period  of  dectrization  ma^  be  prolonged,  but, 
sooner  or  later,  the  dectnc  equilibrium  is  re- 
stored between  it  and  the  auirounding  matter. 

3.  If  we  bring  into  contact  with  Uie  above 
dectrizedlball,  an  undectrified  one  of  the  same 
bulk,  but  of  a  very  difierent  weight,  we  shall 
find  an  equd  distribution  to  take  place  between 
them.  An  insulated  disc  or  spherule,  apdied 
to  the  surikce  of  each,  will  be  capable  of  affect- 
ing a  graduated  dectrometer  of  torsion,  to  the 
same  degree.  We  thus  perceive  that  bodies  do 
not  act  on  deetridty  by  any  species  of  dective 
attraction  or  affinity.  They  must  be  regarded 
merdy  as  vessels,  in  which  fhis  power  is  distri- 
buted agreeably  to  the  laws  of  mechanic** 

When  the  above  globes  are  separated,  thdr 
dectriddes  diffose  tbemsdves  uniformly  about 
them,  and  the  quantities  are  found  equal  when 
the  surfaces  are  so.  But  if  the  surfaces  be  un- 
equal  in  any  given  ratio,  it  then  happens  that 
the  quantity  of  dectrid^  varies  in  a  difibrent 
ratio,  whidi  is  less  than  that  of  the  surfaces. 
Thus  Coulomb  ascertained,  that  when  the  sur- 
face of  the  smdler  globe  was  nearly  one- 
fifteenth  of  that  of  the  larger,  ito  quantity  of 
electric  fluid  was  one-deventh.  The  following 
is  his  gcnsnl  table  of  results. 
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Do.  calcalfttod  by  M.  Poiswn,   1.65 

Tbe  diflfaiBiice  theref<ire  cim  nertt  amount 
to  two.  He  piiced  two  globee,  etch  of  two 
inchcB  dUuneter,  in  a  line  with  a  globe  of  eight 
inches  diuneler ;  the  two  imalkr  onei  bdng 
in  conUct,  and  one  of  diera  with  the  larger. 
He  found  that  the  quantity  of  dectiicitj  of 
llie  imaller  g^be,  moet  distant  finom  the 
gNMer,  was  to  that  of  the  intermediate  as 
8^  to  1.  Four  globes  of  two  fawfaes  bang 
fdaeed  in  a  row,  sneoessiTdy  in  oontact  with 
each  other,  and  with  a  gMie  of  eight  hidies 
diameter,  the  ratio  of  the  quantitieB  of  dec- 
tridty  taken  by  the  smaU  globe,  farthest  fitom 
the  large  one,  and  that  nearest  it,  was  found 
to  be  3-4  to  1.  Hafing  placed  24  globes, 
each  of  two  inches  diameter,  in  a  like  senwa 
widi  the  larocr  globe,  Coulomb  Compared  the 
S4«h  little  globe,  that  is  to  say,  the  last  in  the 
raw,  with  others  in  the  same  row,  and  the  re- 
sults were  as  f<dlow.'— 

84tJi  to  the  23id  as  1*49  to  1 
24th  to  the  12th  ai  17   to  1 
24th  to  the  10th  as  2-1    to  1 
84th  to  the  Ist 
which  was  in  contact 
with  the  large  globe, 
24th  to  uiat  of 
the  large  globe, 

When  two  electrified 
in  contact,  are 

the  electricity  on  the  difiereot  points  of  their 
surfaces,  we  luve  the  fdlowiDg  relatians  :«* 

Posltfan  of  the  points     Ratio  ot  the  teoond  thkk- 

ooinp«i«d.  nen  to  the  first. 

90<»and20«  insensible 

90         30  02083 

iN^         60  0-7994 

90         90  1-0000 

90       180  1.0576 

If  the  diameters  (tf  the  two  globes  beas2 
tol: 

90»  and  30*  insensible 

90  60  0-5882 

00  90  10000 

90        180  1-3333 

That,  in  ordinary  easeo,  decttidty  is  ooa- 
fioed  to  the  surfhces  of  bodies,  not  merely  by 
the  non-conducting  faculty  of  the  air,  but  by 
a  qpecies  of  mec&nicsl  pressure  which  air 
exercises,  becomes  evident,  when  we  lessen  the 
density  of  the  air  by  ejdiaastloii.  Though 
the  conducting  aerial  psrticles  are  thus  greatly 
diminished  in  number,  rendering  the  insulation 
apparently  more  complete^  yet  the  dectric 
power  now  emanates  with  fast  vapidity  ton 


as3-72to  1 

asSlOto  1 

of  equal  fliie^ 
to  the  state  of 


the  clHtriMd  bdl,  lii  yMUk 
Baiefied  air  is  tfaenfan  a  pxid  I 

4.  By  touching  yatloas  points  «f  I 
dectnied  bodies  with  a  little  dito  of  i 
foil,  cemented  to  the  end  of  a  needle  of  haa^ 
which  lie  applied  to  hia  eleciiionMt«,  M.Oos- 
lamb  ascertained  the  variation  of  flarMlBnl 
density  that  exists  at  diiftrent  pcinia  ott  tte 
surfaces  of  bodies,  of  diflbnnt  forms  and  OM* 
mtttdcs.  He  thus  found,  that  toward*  tts 
extremities  of  all  obloi^  eonducting  hodirs^ 
wlietfaer  tldn  {dates,  prisma,  or  cy]iDda%  time 
is  a  rapid  augmentation  of  the  dectridty.  He 
insnlatifid  a  droular  cylinder  of  two  fairiw 
diameter  and  thirty  indies  in  lengfli,  tctui* 
noted  at  each  end  with  a  hemiaphent  Bj 
comparing  the  quantities  of  dectndty  i 
mulated  at  the  centre,  and  at  yaiioaa  ] 
near  to  itt  extremities,  he  founds 

Olie  ratio  of  the 


totheflnt. 
Toudied  at  the  middle  and2 
inches  from  the  end,  to  bo    •    1-26 
At  1  from  dittos    •    •    •    14W 
And  at  the  end,    •    .    .    %90 


When  the  eyUnder  I 
dender  towards  its  extranitieB,  the  i 

dectridty  becomes  in  these  jparts  mofw  < 

ddcrable,  and  more  rapid.  £asdy.  If  tils  ex* 
tremity  of  the  cylhider  bo  nndOB^  like  the 
i^ex  of  a  oone^  tlie  aocumuhrtion  wfaidi  oonm 
at  this  point  becomes  so  strong,  that  te 
resiatanoe  of  the  air  is  no  longer  m%4iR\4fm^  ^ 
retain  the  electricity  on  the  suvfoce  of  the  ooq* 
ducting  body,  and  it  escapes  in  lominont 
coruscations,  visible  in  die  daik.  In  tfaiaoasc^ 
the  uniform  distribution  of  dectridty  extends 
to  a  very  small  distance  ftom  the  pointed  ca» 
tremity.  We  thus  perodve  why  bodies  for- 
nished  with  sharp  projections  rspJdly  looe  tfa* 
dectridty  commnniratcd  to  thsm.  In  Hke 
manner,  a  circular  plate  of  five  inchca  din 
meter,  When  dectzified,  has  at  ita  centie  an 
faitendlj  of  1,  at  one  hich  ftom  U  1.001,  m. 
two  inches  1.005,  at  thioo  iacfaea  1.17,  at  ftttv 
inches  1.52,  at  four  and  a  half  lachea  ii07i 
and  at  the  bordex  2.9  times  that  of  the  cntoew 
We  can  thus  underatand  how  electrical  Bm- 
ddnes,  fomished  with  elongated  piimo  oon- 
dnctors,  furnish  very  vivid  spades. 

Of  the  distribution  of  electridty  moam^ 
contiguous  bodies,  not  hi  oontact 

Let  us  examine  first  what  happena  when 
two  electrified  spheres  separated  firam  oontact, 
are  removed  to  a  little  distance  tam  eadh 
other.  A  very  remarkable  phenomenon  if 
then  devdoped.  We  have  seen,  that  during 
contact,  the.electridty  is  of  the  same  natoe 
on  the  two  spherea.  To  fix  our  ideas,  let  ua 
suppose  it  to  be  vitreous.  We  have  likewise 
seen  that  it  is  null  at  the  point  of  contact. 
Now,  at  the  instant  of  separating  the  two 
spheres,  if  thdt  dimensions  be  un^pial,  tUs 
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jwoUogmmMt:   Apiatiof «kd«BU 

biDcd  dactridtjr  of  Htm  abaII  fphm  k  dceon- 
poMd,  and  that  wfaieblioraiMtDftoppoBHe 
to  tlie  flkdridtj  of  the  great  aphaie,  namdv 
Ae  mfaioat  in  theprtMOt  emkiple,  la  cafttod 
towaidi  the  point  wlMK  the  eoDtaet  oeciund. 

the  two  mhena  fkom  one  anote:,  and  it  be* 
fiomca  naU  at »  oertain  distmoa,  idiieh  depanda 
flai  thaiatioofthairfA^H.  Then  the  pobt  of 
the  litOe  qihcR,  whetc  the  eontaet  waa,  paataa 
beck  faito  Iti  alale  daring  the  oontaol,  mat  ia 
to  Mij,  it  haa  no  tpeciM  of  dactrici^*  D^ 
uertlng  ftmn  thii  tanif  if  we  sosnent  the 
distance,  the  eketildtjr  icmaina  of  the  aame 
Deain  ever  the  whole  auifiMe  of  the  Utda 
aphcfe,  and  diat  natnre  ia  the  lame  aa-dniing 
the  contwt  Tlieie  phenonuna  ate  ahraja 
peeoBar  to  the  maUer  of  die  two  Msbenty 
whatever  may  be  the  quandty  of  alectrid^ 
oooununicaied  to  tfaaoi*  OntheUntferapheie^ 
the  efectddcy  ia  alwaja  and  tbnmc^MiDt  of  the 
aame  land  aa  at  the  moment  of  oootaet 

In  an  eapwiiuait  made  by  Coolomb,  the 
neat  i^obe  Iwing  eleven  indwa,  and  the  email 
roar  in  diameter,  the  •ppodtion  of  the  two 
deetiidtieB  continued  till  the  diataaoe  became 
two  indici.  When  the  dhnneter  of  the  latter 
waa  only  two  and  ahalf  mdie%  the  oppodtion 
eontinned  till  the  distaQCe  became  two  and  a 
half  indiea,  hot  not  beyond.  When  the 
l^obea  aae  aqoal,  dieae  pecaKarMaa  do  not 
tB]DBplao& 

Wncn  two  opporitdy  deetriaad  apheica  am 
gnduaUy  approached  towarda  eadi  otho;  the 
tfaieknem  of  the  dectric  ooathig  at  the 
pointa  of  their  two  auxiaoai  becomea 
and  inonaei  mdefinitdy  aa  thdr  ( 
diminiahefc  The  prcnun  exerdaed  by  the 
dettiidly  agafaut  the  pkta  of  air  inteqMaed 
between  the  two  bodiea,  aogmenti  piogvea* 
iivtdy,  and  tenniaatae  by  overcoming  the  le- 
Mtaace  of  die  dr.  The  fluid  thm  oKaphig 
vnder  the  ftnn  of  a  ipark  cr  otfaerwiae,  moat 
inaa  pra^looa  to  the  aetod  contact  flm  one 
MpfiMp  ifr  theodwr. 

lUa  actiflo  at  a  diitance  ie  a  key  te  the 
pnDci^Mu  pbenflmcna  of  dectrid^* 

In  oor  ifaat  Inqdriea  we  wmarkad,  that 
litaiilMid  bodiea  attract,  or  leem  to  attract,  all 
the  liffht  maiteia  pwiented  to  them,  withoot 
ita  b&g  neceaaary  to  devckn  in  the  latter 
the  dactria  fiieohy,  dthar  by  Uctkm  or  corn* 
nmnication.  Bat  now  we  moat  conceive,  that 
thia  development  ia  apontaneoudy  effiseted  by 
the  mere  tnflnmce,  at  a  dletaaoe,  of  the  dec- 
tilaed  body,  on  the  combined  dectridtlei  of 
the  aaaall  bodiea  around.  Thai  all  the  at. 
tnaitiona,  whether  ted  or  apparent,  wlddi  we 
obaerve,  take  phue  only  between  deetriied 


Af  a0ti  uf  1 

'  eeefet  dadridtka  of  B,  daeampoiea  a  ^ 
of  thim  piopgrtiflma  to  the  Intnfllty  of  iia 
leaoiriDg  it  into  ha  two  cenadtueat 
pdndnka.  Of  theaa  two  deetridtiei  become 
llfte,Aattnotatfaeane,  and  repda  the  otho& 
Theaeeond  ia  carded  to  the  portfcm  of  Ae 
aatibca  of  B,  whidi  ia  meet  reaooCe  ftem  A  | 
die  fltat  to  the  contigaoaa  smftce.  Theaetwo 
dedddtica  leaot  hi  thdr  tan  on  the  fiea 
dectridty  of  A,  and  even  on  ila  oombmed  dee. 
tridtiea,  of  which  one  part  ia  decompeaed  by 
dliaieacticn^andiaaenBated,  if  the  body  A 
be  abo  a  conductor.  Thia  new  aepanrtian  ta. 
dnoea  a  new  decompudtion  of  the  combined 
dectridty  of  B|  and  thua  hi  aaoeetaion,  tm 
the  quantkieB  of  each  piBid|de  become  flee^ 
or  the  two  bodiea  come  into  an  eouifilidmn, 
by  the  balancing  of  all  the  attractive  and  re. 
pnldve  focoai  idiidi  tiicy  mutoally  exerdae; 
in  virtne  of  dieir  afanilar  or  diarimihr  n^ 
ton. 

If  A  ■  vitreooaly  alietriaad,  and  dw  eM« 
doctor  B  ia  a  cflmder,  die  end  of  it  adjoiafcw 
to  A  will  be  ladnooi^  and  the  remote  end 
vltseoaa,  whila  the  middle  portian  wiD  bo 
needy  neutraL 

If  we  now  toneh  thia  lamace  did  with  a 
diiid  ineolated  condnctor  C,  hi  die  nataral 
atate^  and  Aen  nmove  It,  wa  dlaH  find  it 
chained  wtth  dtieoaa  deecridty.  Or  if  we 
toott  diefomota  end  of  the  aecond  condnctor 
with  a  Anger,  and  after  withtewiag  it  aeparatt 
the  fiiat  and  aecond  iaaolated  conductora  td  g 
conddenble  diacaace,  we  diaU  ftid  dwt  B  hao 
aoquiied  deecridQr,  hidepend^t  oi  die  pre* 
aenceof  A.  Had  we  not  toaehed  it,  however, 
then  on  pntthig  diem  aaonder,  B,  no  kng* 
oq^oaed  to  the  hiflaaice  of  A,  woold  inalandy 
recover  ita  natmndatatei  Thetwedecompoaed 
deotridtlaa  would  In  dda  caae  fl4»w  back  ftom 
the  eztrcmitha,  and  teoomUnfaig^  tcakne  dd 
etpOXbOmu  If  A  #aa  dtnona,  die  toadi  of 
an  nndeetrified  flnysr  w«uld  make  B  paaa  hrto 
the  lerfnoua^  deetded  acafee,  by  openhig  « 
dnoad,  aotoq^ealE,lbvdierepdled  vitreooi 
eiertridty  to  eacape.  We  aee  alao  how  diia 
actkn  and  reaction  may  prodtgloady  inerana 
the  fatOMity  of  an  dectridty  originally  very 
fteUe.  On  tUa  prindpk  we  can  at  pkaauia 
commoniGaie  to  an  inaaWted  conductor,  dAer 
of  the  daetridtica,  fipom  ooodecttifled  body  Of 


When,  dienfore,  an  innihited  conducting 
body  B^  which  ia  in  the  natural  atate,  ia  pot 
in  pieadice  of  another  intulated  ekctriaed  body 
A,  the  dectridty  diatributed  on  the  aaribca  of 


Thaa,  hadng  exdted  a  aildc  of  eealing'was 
by  rabUng  it  on  die  deere  of  our  coat,  we 
may  make  dda  reauioaa  dectridty  produce 
dthar  the  rednooa  or  the  vilieona  atate,  In  the 
goldleaveaof andectHMcopA  Ifwehddihe 
etldc  at  a  litde  diatance,  above  the  cap  of  the 
dectroBoope,  the  leaTea  will  immediatdy  di. 
teige  I  and  If  we  then  lemove  it,  they  wiB 
inatantly  coDi^ae.  If  we  now  touch  the  cap 
Ibr  an  inatant  with  the  aeahng-wax,  the  leavea 
will  acquire  the  tame  decked  itote;  they 
wUI  continue  divetgant,  with  reeinooa  dec- 
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tricUj.  Let  «•  raMm  Um  Mlofal  ttite,  by 
tottcmng  the  etp  wMi  our  finger.  Holdiqg 
again  the  eeallng-wax  aUttleaboTe  the  dectro<. 
■cope,  let  ns  tfam  toacfa  ill  cap  ftr  a  moment 
wiui  oar  finger,  and  after  removing  it,  with- 
draw the  wax— we  ihall  pcroetTe  the  leaves 
continue  to  diverge,  and  on  trying  the  spedes 
of  electricity,  we  shall  find  it  to  be  ttie  vitreoua; 
for  the  approach  of  excited  wax  will  make  the 
divogenoe  diminish,  while  thai  of  excited  ^ass 
win  make  it  increase. 

These  reciprocal  attractions,  repulsions,  and 
decompositions  of  theeUctricsl  compound,  ex- 
plain perfectly  the  action  of  the  ooodenser  of 
dedridty  as  contrived  by  (Epinus  or  Volta, 
and  improved  by  Gnthbataon ;  of  the  elec- 
trophorus;  of  the  Leyden  jsr;  and  in  some 
measure,  of  thst  mysterious  apparatus,  the 
voltaic  batteiy.  To  this  subject,  all  our  pie- 
ceding  dectriesl  reeearches  may  be  considered 
fbr  this  ' 


as  merely 

constitutes  the  sreat  fink  between  electricity 
and  chemistiy,  deriving  prolsably  its  uninter- 
rupted series  of  impulsive  disdiaiges,  and  con- 
sequentiy  its  msrveUous  power  of  chemical 
analysis,  from  the  conjoined  agencies  of  elec- 
tricity and  elective  attiactian. 

IV.  O/VoUaieEkcMdi^ 

The  accidental  suspcndon  of  recently  killed 
ftoss,  by  copper  hooks,  to  the  iron  palisades 
of  his  gaiden,  was  the  oeeasiao  of  the  celft. 
bated  Oalvanr  obsendng  certain  convulsive 
movements  in  the  limbs  <»  the  animali,  whidi 
no  known  principle  could  explam,  and  thence. 
Ibrth  of  opening  up  to  mankind  a  rich  and 
boundless  field  m  physical  science  As  the 
practical  nature  of  this  work  prcdudes  us  firom 
entering  into  historical  details,  we  shsllat  once 
proceed  to  describe  the  present  state  of  voltaic 
ekctrieUy^  and  electrO'€hemUiry.  Oalvani 
had  ascribed  the  muscular  movements  to  a 
aeries  of  dischsiges  of  a  peculiar  electricity, 
inherent  and  innate  in  living  beings,  to  whidi 
the  name  ankntU  electrkUif,  or  ttie  mors  my- 
sterious teim  gtUvmitmt  was  for  some  time 
given.  Volta  proved,  that  the  phenomena 
proceeded  firom  the  contact  of  the  two  dissi- 
milar metals,  amper  and  iron,  producing  such 
a  disturbance  aim  electrical  equilibrium,  as 
was  sufficient  to  afiect  the  most  delicate  of  all 
electroscopes,  the  imtability  of  a  newly  killed 
foog,  tfaoudi  it  was  insennble  to  every  dec- 
troBoope  (tf  human  construction.  He  folly 
verified  this  fine  theory  by  showing,  that  a  few 
contacts  of  the  ^««8«»fl«>  metals,  sine  and  sil- 
ver,  in  the  form  of  discs,  fomidied  with  insu- 
lating handles,  were  capable  of  afiecting  Ae 
common  condenser  of  deetiidty.  Galvani, 
however,  anxious  to  defend  his  own  hypothesis, 
which  linked  his  name  to  the  sdence,  adduced 
some  curious  foots,  which  proved  ttrnt  mus- 
cular convulsions  could  be  produced  in  the 
limbe  of  dead  foogs,  altogether  independent  of 
~  '  *  This  led  Volta  to  the  fortfaer  die- 
that  other  disshnihur  bodies  besides 


the  dectricsl  equUflHtaiffi. 

Since  a  sleoder  rod  of  silver  and  of 
toodiing  each  other  at  one  of  their  ends,  and 
at  the  other  brought  into  contact  with  the 
nerve  and  musde,  or  spfaieandtoeaafadead 
Aog,  could  excite  powerfal  convnUens,  it 
occurred  to  Volta,  that  a  repetitioo,  on  a  mose 
extended  snrfoee  of  that  rimple  scoee  of  two 
metaU  and  moisture,  might  produco  a  eom- 
bhied  efiect,  capable  of  being  felt  by  the 
human  hand.  By  a  most  phitoaophical  pro- 
secution  of  his  own  piincq>le,  lie  happily  sac 
ceeded  in  constructing,  by  regular  utesnatiQB 
of  discs  of  silver,  rinc,  and  moistened  doth  or 
pasteboard,  reared  in  a  columnar  Umn,  the 
dectro-chemical  pile  and  battery,  which  will 
asaodate  the  name  of  Volto  to  that  of  Oalvani 
throudi  each  sucoeedmg  age.  The  compound 
metamc  arcs  of  copper  and  due,  with  iriiich 
he  connected  a  drde  of  cups  containing  salt 
water,  to  form  his  couroime  da  tasar«,  may  be 
regarded  as  the  same  apparatus  in  a  heriaontal, 
instead  of  a  cdumnar  arrangement.  Hie 
fivmer  construction  was  bappuT  modified  by 
Air.  Griiikshanks  into  die  voltaie  troo^; 
while  the  latter  has  suggested  the  smog 
of  psrslld  porodain  eeOm,  into  whidi 
catenated  series  of  compound  metallic  plates  is 
irnnifiiswL 

Amid  the  crowd  of  philoeophenb  wfaoh  after 
Oalvani  and  Volta,  entered  this  ardnous  fidd, 
two  are  pre-eminent  for  the  ingenuity  and 
success  of  thdr  hivestigations.  Dr.  WoUaitoB 
and  Sir  H.  Davy.  The  first  had  the  smgidar 
merit  of  tracing  up  the  anahvy  between  the 
mystcrioos  operatioos  of  gimaic  and  of 
common  dectoidty;  and  afterwards  invented 
an  apparatus,  by  wliich  this  agent  can  exdte 
vivid  ignition  in  afanost  a  micronooic  oompasb 
Of  tlie  discoveries  made  by  Sir  H.  Dwy  in 
voltaic  dectridty  and  hi  chemistry,  by  the 
ssgadons  appUcation  of  its  unlimited  powtera, 
it  is  difikuU  to  speak  hi  die  odd  hmgnage  of 
philoeophy.  They  probdily  rarposs  in  Im- 
portance,  as  they  do  hi  splendour,  die  united 
oiscoverieB  of  pnoedh^  chemists ;  and  when 
the  breath  of  contemponoy  envy  shsfl  sink 
hito  the  grave,  they  will  diine  fctdi  on  the 
dudem  of  En^ish  sdence,  oomponiongema  to 
the  diamond  St  Newton. 

I  shall  now  endeavour  to  give  a  brief  aorvcy 
of  vdtaac  phenomena,  conducting  my  steps  by 
the  researdies  of  these  philoaophers. 

There  are  six  great  eras  m  deotnMhenieal 
adenoe:  — 1.  Its  first  discovery  by  Oahsmi ; 
a  Volta*s  discovery  of  die  contact  of  disdwflar 
metals  disturbnig  the  dectsie  eqnilibrinm; 
S.  Vdta's  mvendon  of  die  pile;  4.  The 
chemical  power  of  this  instrument,  iint  ob- 
served by  Messrs.  Cazlide  and  Nicholson,  in 
the  decompodtioD  of  water;  A.  The  identity 
of  these  diemicd  dfocts  widi  diose  praducfiile 
by  common  dectrid^,  first  discovered  and  de- 
monstrstsd  by  Dr.  WoUaatm,  hi  his  adniiiable 
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on  the  ^^*— ^■^■^ 

AgencT  of  ElMtridty;*'   and,  laitly. 

The  geaoil  lawi  of  dectfo^dianiad  deeom. 

"  iaiidttanaftr,ieveakdby8irH<.DBij, 
I  of  memoin  cqaaQy  miarkaUe  ftr 
_  I  and  mdmtrj.  It  is  but  jnitiee  to  this 
philosopher  to  state,  that  the  genn  of  his  most 
oplendid  disooverics  was  msniimy  ftKrmed  and 
ffzbibited,  immediatelj  after  the  constnietion 
cf  the  pile  was  annoaneed.  VoUa's  eelebiated 
letter,  desoiptive  of  hb  raventiaD»  is  dated 
Como,  Manh  90, 1800;  it  was  pnbllihed  ia 
the  Piiilosophiaa  Tianaactions,  io  the  automn 
of  that  year ;  and  in  Nicholson's  Jouznal  for 
SeptemlMr  of  the  same  year,  we  have  an  im- 
portant oornmunieation  from  Sir  H.  Davy,  then 
anperintendant  of  the  Pneumatic  Institntian 
asBristoL 

Mr.  Gailisle  having  beoi  &roined  by  Sir 
Joseph  Banks  with  a  piivate  perusal  of  Volta's 
Istlar,  oonstiaeted  a  p3e;  and  in  the  begm- 
ning  of  May,  assistBd  by  Mr.  Niebolson,  made 
nts  on  the  deoomposition  of 


the  reddening  of  Ittmoe  by  its 
i;  bat  oat  of  deliesey  to  the  Piofewor 
of  Patvia,  these  were  not  published  tQI  July. 
Air.  Nidioleon,  in  a  msatoly  acoount  ofVolta's 
diseovcry,  Mr.  CaiUsle's,  and  his  own,  saya, 
**  We  had  been  led  by  our  rfsiontag  on  the 
firrt  appearance  of  hydrogen,  to  eipeet  a  de- 
oooBpoeition  of  the  water;  but  it  was  with  no 
little  smpiiie  that  we  fimnd  the  hydrogen 
SKtricated  at  tibe  contact  with  one  wire,  while 
the  oxygen  ifaced  itsdif  in  combination  widi 
the  other  wire,  at  the  diitaaoe  of  almost  two 
indies.  This  new  ihct  still  nmahia  to  be 
explained,  and  seems  to  pohn  at  some  general 
Inw  of  the  agency  of  eiectiid^  hi    ' 


**  Struck,"  iays  Sir  H.  Davy,  ^  with  the 
carious  phenomma  noticed  by  Meien.  Ni- 
dMlson  and  Cailials,  namely,  the  mmnat 
eepanfee  pcoductlon  of  oi^gen  and  hydrogen 
ftvm  different  wires,  or  from  different  parts 
of  die  water  completing  the  galvanfe  chdc, 
my  fiiat  reeeardies  wcve  directed  towards  as- 
certslning,  if  oxygen  and  hydrqgen  coold  bo 
separately  produced  from  quantities  of  water, 
not  immediately  in  contact  with  each  other." 
He  then  proceeds  to  deeeribe  very  ingenious 
and  dedave  experiments,  m  which  he  pro- 
dneed  the  distinct  evtdutlon  of  oxygen  and 
hydrogen,  from  water  contained  m  two  sepa* 
late  gliSBCs,  even  when  the  conaminicatinn 
wne  made  between  them,  through  dead  mns- 
chkr  fibres  thnugjh  his  own  body,  or  even 
tfaroac^  three  persons.  He  next  lobmits 
water,  deprived  of  its  loosely  combined  oxygen 
by  boiling,  to  the  voltaic  pOe,  and  obtahis  its 
two  eonstttnenti  in  a  pure  state. 
«>Be«OBfaig,"iayshe,  **  on  this  sq^ainte 
i  of  oxygen  and  hydrogen  from  dif • 
i  quantities  S  water,  and  on  the  experi- 
I  Of  Mr.  Henry,  junior,  on  the  action  of 
electririty  on   different  compound 


bodi%  I  WM  led  tosoppooe,  that  the  oqd- 
Btitnoit  parts  of  tudi  bodies  (supposing  them 
immedhttdy  decompo«ble  by  the  galvanic 
inffuenoe),  might  be  eepaiatdy  extricated  from 
the  wirce,  and  in  conseqaence  obtained  di- 
tUnei  fiom  each  offier**    After  submitting 
idfaition  of  potash  to  the  voltaic  powers  of  100 
paiiB  of  small  plates,  without  obtahiing  the 
expected  decon^fMcition,  he  observes,  ^^  Sur- 
priMd  at  theee  lesults,  whidi  nroved  that  no 
decompodtion  of  potadi  had  tuen  place,  and 
that  that  substsnoe,  in  this  mode  of  opeiating, 
only  enabled  the  galvanic  influence  to  extricate 
oxygen  and  hydrogen  more  rapidly  fiom  water, 
I  was  induced  to  operate  upon  thie  substance 
hi  the  way  of  direct  communication.*'    Still 
only  the  water  was  decomposed,  ae  we'mig^t 
now  expect    He  finally  describee  the  decrau 
podtion  of  water  of  ammonia,  as  wdl  ss  sul- 
phuric and  nitric  adds,  and  condudes  by  cor- 
recting sn  CRor  into  whidi  Dr.  Henry  had 
fidlen,  concemiiig  a  supposed  decompodtion 
of  potssh.     ''If,"  savB  he,  «« the  ratio  be- 
tween  the  qusntitles  of  oxygen  and  hydrogen 
prodoeed  from  the  dtfRvent  wires,  be  always 
the  same,  whatever  substances  are  hdd  in  so- 
lution bv  the  water  connected  with  them,  this 
nascent  hydrogen  will  become  a  powerful  and 
accurate  instnunent  of  analyda." 

Dr.  WoBaston  coated  the  middle  of  a  veir 
ime  silver  wire,  for  two  or  three  indies,  with 
sealing-wax,  and  by  cuttbg  it  through  in  the 
middle  of  the  wax,  einoeed  a  seetlan  of  the 
wire.  The  two  coated  extremities  of  the  wire 
thus  divided,  were  immened  in  a  solntkn  of 
sul^hato  of  copper,  placed  in  an  dectricdreolt 
between  the  two  condnctors  of  a  cylindiicd 
maefahio;  and  spaiks  taken  at  1-IOth  of  an 
indi  distiinoe  were  paaed  by  means  of  them 
diroof^  the  sdution.  After  100  turns  of  the 
mschme,  tliowire  which  communicated  with 
(irtiatis  csUed)  the  qcgMlve  conduetor,  had  a 
uietipitate  fcrmed  on  its  sutfruse,  whidi,  on 
bdng  banished,  was  ovidctttly  copper;  but 
the  oppodte  wire  had  no  eudi  coating. 

Upon  revcndng  the  direction  of  the  cuirent 
ofdectridty,  the  order  of  the  phenomena  was 
of  course  reversed ;  the  copper  befaig  shortly 
ledissolved  by  asdstsnee  of  die  oxidating 
power  of  podtive  dectridty,  and  a  sfanilsr 
predpitate  fiMmed  on  the  oppodte  wirew 

A  sfanilar  experiment,  made  with  gold 
wires  -^  of  an  faich  diameter,  in  a  sohitkn 
of  oonodve  sublimate,  had  tiie  lame  succees. 

If  a  piece  of  dnc  and  a  piece  ofdherhavo 
each  one  extremity  immersed  in  the  same 
vessd,  contslninff  sulphuric  or  muriatic  add 
dihrted  with  a  huge  quanti^  of  water,  the 
dnc  is  dissolved,  and  yields  hydrogen  gas  1^ 
decomposition  of  die  water;  the  diver  not 
being  acted  apon»  has  no  power  of  decom- 
posingwatar;  hot  wfaenew  tJie  dnc  end  savor 
are  nude  to  touch,  or  any  metallic  eommuni- 
cstion  la  ffmned  between  them,  hydrogen  gas 
b  also  produced  at  the  suiftoe  of  the  sflv 


has  BO  effect 

Experimeots  analogoiii  to  the  fiwrneir,  nd 
equally  limple,  may  alao  be  made  with  many 
metallic  solutioiii.  Uy  fot  instaoce^  the  aolu^ 
tioa  ooDtaini  copper,  it  will  be  pvedpatated  by 
a  piece  of  iron,  and  will  iqppear  on  ita  fufhce. 
Upon  ailTer  merdy  immmed  in  the  aame  ao^ 
Intion,  no  iodi  effect  is  produced;  bataaaoon 
aa  Ae  two  metala  are  biou^t  iBtt>  contact  the 
ailver  reoeivea  a  coating  of  copper; 

In  the  e«>1anarton  of  tfaoe  ezperimoits, 
usy9  Dr.  Wouastim,  it  ia  neeeseary  to  advert 
to  a  point  fBfaWiahpd  by  meana  of  the  electdc 
pile*  We  know  that  when  water  is  placed  in 
tL  dicuit  of  cooductors  of  dectrkoty  between 
the  two  extremities  of  a  pOe^  if  the  power  is 
soffident  to  oiidate  one  of  the  wires  of  coow 
nmnkation,  the  wire  eooneeted  widi  the  opu 
potite  extremity  affbvda  hydrogen  gas.  Since 
the  extrication  of  hydrogen  In  diis  instance  is 
seen  to  depend  on  de^ddty,  it  is  psobable 
that,  in  other  instances,  dectiiaty  mi^  be  also 
requisite  for  its  conversion integas.  It  would 
appear,  iherefoiB,  that  ki  the  aofaitien  of  a 
metal,  electricity  la  evolvei  during  the  action 
of  the  add  on  it  {  and  that  tbs  fbrwatimi  of 
hydragen  gastp  even  in  that  case,  depaoda  on 
ntTMidtion  of  dectxld^betiwssn  the  fluid  and 
themeld. 

We  see,,  ndnorer.  In  ue  eipeiimsnts  with 
dne,  that  this  SMtal^  without  contact  of  any 
other,  has  the  power  of  deeomposfaig  watter ; 
and  we  can  have  no  reaaon  to  anppooe  that 
the  contact  of  the  mlym  produces  any  new 
but  Aat  it  aerves  merdy  aa  a  emu 


of  electricky,  and  tfaeaebir  < 
thoftnnadso  of  hytegen  gas.  Inthenext 
experiment,  the  iron  by  itself  hss  the  power 
of  pndpitating  copper  by  meana,  it  ia  pre* 
itfmed,  of  dectrieit]F  evolved  dtaring  its  soiu> 
tion ;  and  hero  likewise  the  silver,  by  con- 
dnetbg  the  dscturiQF,  acquires  the  power  of 
pnd|£atfaig  the  copper  in  its  metallic  statCi 

The  explanation  now  given,  with  regard 
to  thcM  vQitdc  combinatians  of  sing^  pdn, 
lecdves  additional  confirinat,ion  from  the  above 
comparative  experimenta  with  common  dec* 
«idty.  Theae  show,  that  die  same  tzsnafir 
of  chemieal  power,  and  the  same  apparent  re- 
version of  the  ususl  ardor  of  diemicd  affinities 
in  ihe  precipitation  of  eopper  by  silver,  may 
be  eflbcied  by  a  common  etoctrkal  mashinftp 

The  chemicM  agency  of  common  dectridty 
is  thus  proved  to  be  the  same  with  the  power 
excited  by  dwnieal  means  ;  but  since  a  dif- 
ference had  been  ebaeifed  in  the  comparadve 
frdlity  with  whkh  the  pile  of  Volta  decom. 
poees  water,  aid  produces  other  eflkts  of  ox- 
idation and  deooddation  of  bodies  exposed  to 
its  action.  Dr.  WoUaston  was  at  pains  to  re- 
Bwve  thiadliicolty,  anAsueceedsd  in  prodndng 


the  decompodtion  of  water;  bat  when  he 
considerad  thas  the  decompodtkm  nmist  de. 
pend  on  duly  praportkning  the  strength  of 
the  charge  of  eleciridty  to  the  qoandty  of 
water,  and  that  the  quantity  exposed  to  its 
action  at  the  smrfiwe  of  commnniqUlon,  dt* 
pends  on  the  extent  of  that  surfiiee  ;  by  re- 
ducing thii^  he  eActed  the  decomposition  of 
water  by  a  mudi  naall«  madune.  Having 
procured  a  small  wire  of  fine  gold,  and  given 
it  as  fine  a  point  aa  he  could,  he  inaerted  It 
into  a  capillary  ghus  tube,  and  after  heating 
the  tube,  so  as  to  make  it  adhere  to  the  point, 
and  cover  it  in  every  pert,  he  gradually  ground 
it  down,  till  with  a  pocket  lens  he  could  die- 
cover  that  the  pdnt  of  the  gold  was  exposed. 

The  success  of  this  method  exceeding  his 
expectations,  he  coated  several  wfaes  In  the 
same  manner,  and  found,  that  when  sparks 
ftom  the  oonductoss  bedne  mentioned  wcse 
made  to  pass  through  water,  by  means  of  a 
pomt  so  guarded,  a  iqparkpasdag  to  the  dis- 
tance of  on^dghth  of  an  mdi  would  deoom. 
poae  water,  when  the  point  exposed  did  not 
exceed  1.700th  of  an  inchhi  diameter.  With 
anotherpdnt,  whkdi  heesthnated  at  l-lAOOdi, 
a  smtrssisn  of  spsrks  l-90th  of  an  mdi  ni 
kngthafioded  a  current  of  aniai  babbles  of 
afaw  But  in  every  way  m  wldch  he  tried  It, 
he  observed  that  eadi  wire  gave  both  oxygen 
and  hydrogen  gas,  histead  of  their  being  fjanned 
separately  as  by  the  deetrie  pile. 

He  is  mdined  to  attribute  the  difibcoce  in 
mis  respect  to  tiie  grwi  t*?  iftTwdty  with  wmdi 
it  is  necessary  to  employ  common  dectridty  ; 
ftr  that  poskiva  and  negative  eleetildty,  ao 
esrited,  have  each  the  same  chemical  power 
as  they  are  observed  to  have  in  the  etectric 
pHe,  may  be  ascertained  by  other  aaeaiis. 

In  the  predp&tation  of  copper  by  silver,  an 
kntance  of  deexidation  by  nsntive  cketiidty 
has  been  mentioned:  the  oxidating  power  of 
podtive  deotridhr  ssay  be  also  proved  by  its 
enct  on  vegetable  ooloars* 

Having  odoured  a  card  with  a  atnng  io- 
fndonof  litmua,  he  passed  a  current  of  dee- 
trie  sparks  aknff  it,  by  meana  of  two  fine 
odd  ponits,  toufbng  it  at  the  diatanos  of  an 
meh  from  each  ethsr.  The  effiBd,  aa  m  odisr 
cases,  dq>ending  on  theHnwllnfea  of  the  quan- 
ttty  of  water,  was  most  discernible  wlien  the 
card  was  needy  dry.  In  tiiia  state  a  very  few 
tuns  of  the  madune  were  sufficient  to  oocseiflo 
a  rednees  at  dispositive  wbe,  very  maniftst IS 
thenakedeye.  The  negative  wise  being  after- 
wards placed  on  the  same  spot,  soon  miisid 
it  to  its  original  blue  eoAour.  fiy^  die  Toitaac 
tiis  same  cficts  are  prodooad  hi  a  naicb 
tkne. 

Dr.  WoUaston  condndes,  that  sll  the  dif- 
diseovenble  h)  the  effects  of  gshaok 
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•  Tdltaic  pile  of  M  or  100  pain,  being  made 
to  tondi  tte  biMs  €q»  of  ibe  clMUOMope*  will 
caote  thei^oU  lesvei  intoitlf  t»  difvgs  wltfa 
vitrcoii««le«aidty;  a  waeeoBiiMtadwithtiM 
oopper  mA  wiU  imIw  then  dmige  wiih  »- 
flDOoaekctridtyi  but*  «faf  from  the nuddk 
of  (hepikviQ  have  no  eflbctfm  the^loctroMope. 

If  vjM  of  plotininn  fiNNQ  the  oppooito 
tskmiltm  of  cfae  pOe  be  introdaoed  into  m 
soioliaB  of  «  neutiol  aalt  mntftining  acia, 
ODited  to  alkaJine,  earthy,  or  oomoaon  mrtallic 
matter;  add  matter  wiU  collect  nmnd  the 
vitreomly  dectitficd  or  poiitiTO  auzfaoe  3  id- 
kali,  earth,  or  oxide,  round  the  reahioualy 
electrified  or  negatiTe  nirfaoe.  K  two  aepaiato 
voids  are  employed  to  contain  the  ablution, 
oonnected  by  molat  aabeatM,  it  ia  fimnd  that 
the  add  collected  in  the  veaad  containing  the 
vfat  podtivdy  eleotrified,  wiU  b#  in  dennite 
pnpordon  to  die  matlff  ooUeoled  In  the  odur 
cap;  tfaatiB,itwfllAnnwlt|iitanaitmaa]ine 
eompoond.  If  aqneoua  muriatic  add  be  acted 
m  bf  the  wiiva,  hydiogcn  will  aepaiato  at  the 
KRidve  ancfiMBe,  and  dtlorine  at  me  podtive. 

The  famt^ing  may  be  xegarded  aa  the  d^ 
BUDtaiy  and  fundamental  faOM  diacavered  with 
ngaid  to  voltaic  electricity.  Before  deaciibing 
&a  greater  and  more  complex  operationa,  we 
iballglTeaii  aoeoant  of  the  fadeua  modito* 
tine  of  the  qypaxatna. 

In  the  ofighial  tzoodi  of  Croihahanha,  the 
CQotMt  of  eyeiy  wdr  or  coppcrand  sncplatea 
VIS  leeued  byacidaing  thefr  aoiftcea  toother. 
£adi  enDpoundmetallic  p]«fe6  bdng  of  a  aquaie 
ten,  waa  fixed  tight  by  cement  into  grooves 
ntiotheddea,  and  aooas  the  bottom  of  the 
oUoog  mahogany  box.  The  ceDa  between 
every  pair  of  platea  were  filled  with  the  neu* 
^'Maline  er  adidnloiia  fnffFt'"g  Itqnidt  Th^ 
^ifficdty  of  deanfaig  the  aoifiMeso^tbe  platea 
JB  this  oonstructiflai,  and  an  idea  that  the  q«an- 
%  of  dectridty  waa  pwyntional  to  the  zhic 
^■iftoe  expoaed  to  oxidiWment,  led  to  the  re* 
?iTil  of  the  eoMramnet  da  tatut  aznuigement 
fo  this,  the  aqnave  plates  of  zinc  and  oopper 
i&  eadi  pair  were  piaoed  paralld  to  each  other, 
^  a  diatanee  of  about  half  an  inch,  and  soU 
^oed  together  at  the  middle  of  one  edge  by  a 
ivctmgttlar  narrow  arc  of  copper.  Each  pair 
vas  fixed  paialld  to  the  preceding  pair,  and 
*^  i  distance  coneaponding  to  the  width  of 
the  cdb  in  the  poredain  trough,  bj  aoewins 
tbdr  tectanguhir  area  to  a  rod  of  baked  and 
vdl  nmished  wood.  Ten  or  a  doaen  paiia 
^^piatsa,  from  fbur  to  dx  inchea  diameter 
cam,  coidd  tfaua  at  once  be  conveniently 
pbinmd  into,  or  removed  fhim,  the  exdting 
uqvio.  By  connecting  togetlwr  a  aeriea  of 
these  taong^  n  vaj  powerful  battery  waa 
obttiasd.  Mote  reeenthr.  Dr.  WoUaaton  haa 
tcBdead  it  jprobable  Hx  the  igniting  in- 


niahiiw  power  of  Ignition,  exhibited  by  hia 
pair  m  amall  jplates,  aeema  to  wanant  that 


For  oompaotneaa  of  atruoture,  and  oonve* 
nience  in  use,  I  prefer  the  original  mahogany 
box,  and  soldered  paira  of  platea  of  Cniik- 
shanka.  The  unc  snrfacea  may  be  easily 
(need  from  adhering  oxide,  by  a  ated  aoraner 
of  apropcrahape.  Nor  do  I  find,  that  mia 
ibrro  of^appacatua  is  notably  inferior,  in  che« 
mical  effect,  to  the  separate  platea  of  the  aame 
aize  in  porcelain  oella.  Dr.  Hare  of  Phil- 
addi^iia  haa  lately  contrived  an  ingenioua  mo- 
dificatio'ii  of  Dr.  WoUaaton*a  aii^  ign<»jt^ 
pair,  whidi,  from  its  eteat  power  6i  exdting 
neat,  and  ita  small  dectric  intensity,  he  haa 
a^led  a  calorimeter* 

When  the  pboea  are  very  large,  they  mnat 
be  constructed  00  the  plan  of  the  poredain 
trough.  In  this  way,  Mr.  Children  arranged 
hia  gigantic  battery,  the  moat  magnificent  voL 
taic  appantna  which  the  world  haa  hitherto 
aeen.  It  oonaisted  of  20  paira  of  copper  and 
dnc  platta,  each  plate  aix  htt  long  and  two 
feat  o(^  inchea  broad*  JSacb  pair  ia  jdnad 
at  topbyrihandaoflaadyandhaa  a  aeponCe 
woodoa  osl.  Th^  axe  aoapeoded  finm  a 
beam  of  wood,  and  having  coonterpolaea,  axe 
easily  raised  or  let  down  into  their  oaOa.  The 
power  of  this  battery  waa  first  tried  on'  2d 
July,  I8IS.  The  cdla  were  filled  with  water 
<I0  parta,  and  a  mixtnreof  nitric  aodaulphuric 
add  one  part,  which  waa  graduallv  increaaed 
till  the  quantity  of  add  waa  doubled.  Con- 
dnctoea  of  lead  conveyed  the  dectridty  to  aa 
adjoining  ahade,  in  whidi  the  experiments 
irere  nuMe.  The  ^wcr  of  the  lM4tay  was 
prodigions.  It  igmted  aix  feet  in  length  of 
uncfc  plathuuD  wire;  but  could  Jiol  ig^te  aa 
equal  length  of  amaller  platinwn  wire.  This 
difierenoe  was  ingenioudy  ascribed  bv  Dr; 
WoDaaton,  to  the  cooling  iafiuenoe  of  the  air 
acting  more  efficadoudy  on  the  alender  maas 
of  metaL  Platinum,  in  shorter  lengths,  waa 
fused  with  great  fadli^.  Iridium  waa  melted 
into  a  ^bule,  and  proved  to  be  a  brittle 
metd.  The  compouna  ore  of  iridium  and  os- 
mium waa  likewiae  fused,  but  not  perfectly. 
Charcoal  kept  at  a  white  heat,  in  chlorine  and 
chlorocarbonoua  gaaea,  produced  no  change  on 
them.  Neither  tungaten  nor  uranium  waa  any 
way  changed  by  thia  vast  battery. 

At  a  very  eady  period  of  hia  illuadiona 
dectro-chemical  career.  Sir  H.  Davy  invented 
various  vdtaic  constructions,  in  wnidi  dther 
onlv  one  metd  was  employed,  or  no  metallic 
body  at  alL  Among  tne  tdentijle  newt  in. 
serted  in  the  Philoaqphicd  quarto  Joumd  for 
May  1801,  we  are  told  that  he  had  formed 
piles,  oonaisting  of  the  single  metals,  silver, 
copper,  dnc,  imd  lead ;  and  that  one  of  the 
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nenn  wai,  «  plate  of  metal,  dodi, 
t  in  dilute  nitrouB  add,  dotfi  loaked  in 
water,  and  doth  soaked  in  aolation  of  nilphuet 
of  potash ;  then  another  plate  of  the  same  metal, 
and  the  three  doths  as  before.  It  is  added,  that 
if  a  trough  be  used  with  cells,  and  the  separation 
between  the  add  and  the  solpharet  or  potash 
be  made  by  a  plate  of  horn,  instead  of  the 
doth  imbibed  with  water,  the  two  fluids  may 
be  connected  by  a  slip  of  wetted  doth,  hung 
over  the  upper  edge  of  the  hocn.  This  will 
complete  the  communication,  without  occasion- 
ing any  mixture,  because  water  is  lighter  than 
any  or  the  other  fluids.  A  ftiU  account  of 
these  new  and  very  curioos  arrangements  was 


pabliihed  in  the  PIdloiOidiicil 

for  the  abore  year,  and  is  eopled  into  the 
December  Number  of  Nidiolaoirs  JoamaL 

SflTer  or  copper,  in  the  above  conatwciim^ 
fbrma  ao  dectrical  appanUns,  wMcfa,  widi  • 
seriea  of  fifty  plates,  wUl  give  shocks.  Whn 
the  structure  is  diaft  of  a  pile,  the  doth  im. 
prmated  with  the  densest  solution  should  be 
undermost  in  each  alternation;  and  tft^ntiffn 
of  common  salt  in  the  middle. 

The  fbUowing  ubles  contain  aome  tcrie^ 
which  form  voltaic  dectrical  combteatfons, 
arranged  in  the  order  of  their  po«i«is;  die 
most  aetive  subetanoea  bdsg  named  fint  in 
eadi  column. 


TABLES  Ity  Sir  H,  Davy^  tf  tome  Eleo^ 
irical  Arrangement*^  v/tkA,  hy  combmatim^ 
Jbrm  voltaic  hatieriesy  eompo$ed  aftwoam* 
dueiors^  amd  oae  imfitfict  eondMctor. 

The  metal,  first  named,  is  positive,  b  reference 
to  all  those  that  follow  it:— 

WUh  ordinary  acidts 

Potaadnm  andito  amalgams,  barium  and  its 
amalgams,  amalgam  of  sine,  smc,  aroakamof 
amiwiBium,  cadmium,  tin,  iron,  blamum,  an- 
timmy,  lead,  copper,  sQver,  palladiuai,  td- 


Inrium,  gold,   charcoal,  phtinum,  irUiBm, 
riiodium* 

WlAaXkaUnetohOione: 

The  metals  of  the  alkalis  and  tiicir  aoial- 
gama,  sine,  tin,  lead,  co|^wv,  ivoiiy  silver, 
pafladisffl*}  gold,  pl^tf^wwwj  dbe. 

WHh  the  toitiikmt  ofhydroemlfkmftU  s 

Zinc,  tin,  copper,  iron,  bismuth,  silver, 
platinum,  palladium,  gold,  chaicoaL  PfM. 
Trant^y  1826. 


TABLE  IL— Qf  joffitf  Electrical  Ammgementi^  eoneietittg  ofo 
tor  and  two  hnpetfict  conductore. 


Solution  of  sulphur  and  potash 

Copper 

Nitric  add. 

of  potash 

Silver 

Sulphuric  add. 

of  soda 

Lead 

Muriatic  add. 

Tin 

Any  solution  con- 

Zinc 

tainingadd. 

Other  metals 

- 

Charcoal 

The  metals  having  the  strongest  attraction 
for  oxygen,  are  the  metals  which  form  the 
podtive  pole,  in  all  cases  in  which  the  fluid 
menstrua  act  diemicaUv,  by  aflbrding  oxy- 
gen; but  when  the  fluid  menstrua  afford 
sulphur  to  the  metals,  the  metal  having  the 
strongest  attraction  fbr  sulphur,  under  the 
existing  drcumstances,  determines  the  positive 
pole.  Thus,  in  a  series  of  copper  and  iron, 
utroduoed  into  a  porcdain  trough,  the  cells  of 
which  are  filled  with  water,  or  wiUi  add  solu- 
tions, the  iron  is  positive,  and  the  copper 
ntnative ;  but  when  the  cells  are  filled  with 
solutions  of  sulphur  and  potash,  the  copper 
is  pontive^  and  the  iron  negative. 

In  an  combinations  In  which  one  metal  is 
ooDcemed,  the  surface  opposite  the  add  is 
negative,  while  that  in  contact  with  the  solu- 
tion of  alkalf  and  sulphur,  or  of  alkali,  is 
positive. 

£very  one  who  has  a  perception  of  the 
beautiful  in  philosophical  researeb,  must  re- 


rl  this  important  law,  discovered  by  S!r 
Davy,  with  admiration.  It  promises  to 
lead  us  eventually  into  the  mysteries  of 
dcctro^emical  action,  farther  than  any  ge- 
neral prindple  hitherto  established.  It  gives 
another  fine  anologv  between  dectridty  and 
heau  For  as  the  disengagement  of  the  latter 
power  is  always  proportional  to  the  intensity 
of  chemical  combination,  so  in  the  present 
case  we  see,  that  the  intenser  diemical  action 
is  connected  with  the  evolution  of  positive 
dectridty,  while  the  fbebler  is  assodated  with 
the  negative.  The  podtive  dectridty,  if  we 
judge  from  the  appearance  of  its  light,  is  the 
more  active  of  the  two ;  and  it  is  known 
to  promote  the  most  intense  combinatioDa  of 
bodies,  vis.  those  with  chlorine,  iodine,  and 
oxygen. 

The  divergence  of  the  leaves  in  the  gold- 
leaf  dectroacope,  and  most  exactly  the  sepa- 
ration of  the  ball  and  disc  in  die  dcctro- 
meter  of  Coulomb,  are  proportional  to  the 
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r  intenriM^  flf  the  gkrtriwl 
mgoiU  Hence  die  xepeUtion  of  a  aeries  of 
modcnte.tiied  voltuc  plates,  indicates  the 
same  repeUing  eneigy  on  these  instnunents, 
as  the  same  series  of  mttdi  larger  plates. 
With  regard  to  imperfect  oondoctofs,  like  the 
human  bodj,  or  neutiosaliDe  sdutioDS,  the 
effects,  namely,  the  shock,  and  transfer  of  the 
elements,  are  also  proportional  to  the  electrical 
intensity,  or  dectiosoopic  indicatioas.  For 
these  purposes,  we  need  not  enlarge  the  plates 
beyond  aoertain  sixe^  which  is  votive  to  the 
conducting  power  of  the  substances  through 
which  the  electrical  eatm  Js  to  be  transmitted. 
But  with  excellent  condnctois,  lilce  charcoal 
and  the  metals,  the  ^puntUy  of  electricity,  and 
not  its  state  o(  eondetuoHony  is  to  be  regarded. 
The  intensity  u  essential,  to  enable  it  to  com- 
municate electrical  polarities  to  a  series  of 
material  liquid  mdeailes,  or  to  force  its  way, 
so  to  speak,  through  the  animal  fram&  But 
the  ssme  intenuty  is  altogether  superfluous 
rdaiiTe  to  metallic  objects.  To  opesate  ehanm 
on  these,  we  must  favour  the  evolution  or  a 
great  mass  of  electrical  power,  by  usnig  plates 
of  extensive  areas. 

To  prove  the  JnatUMS  of  these  views,  let 
us  bring  into  actioo,  1^  the  same  exciting 
liquid,  a  dean  battery  of  20  pairs  of  1  inch, 
and  20  pairs  of  10  indi  plates.  On  exposing 
a  small  column  of  water,  in  a  slass  tube,  first 
to  the  one  battery  and  then  to  the  other,  or  on 
annecdng,  with  the  two  hands,  first  the  ca»> 
treniities  of  the  one  and  then  Aoae  of  die 
other,  we  shall  perodve  the  evotalioD  of  gases, 
crtheshock,  to  be  neadyeqoaL  While  the 
energy  of  the  Urger  bettery  is  acting  on  the 
water  or  human  body,  let  two  little  cyQnders  of 
charcoal,  connected  with  the  ends  of  the 
tron^  by  metallic  wires,  be  made  to  toudi 
esch  other,  the  electrical  excess  will  be  suffi- 
deoC  to  produce  vivid  ignition  at  the  pomts  of 
contact  Silver  leaf  mav  be  substituted  for 
diediaicoal,witha  sfaniJarefiEect.  The  little 
bsttay,  however,  exhausts  its  energy  on  the 
oolamn  of  water.  When  thus  employed,  it 
will  give  scsicdy  any  sensation  to  the  fingers, 
sad  produce  no  effect  on  the  charcoal  or  leaf. 
Even  the  battery  of  Mr.  Children,  which, 
sfter  icniting  great  lengths  of  platinum  wire, 
to  a  wnitencss  insnpponisble  to  the  eye,  fused 
it  into  dobulcs ;  ana  which  emitted  from  char, 
ooal  a  light  more  dazzling  than  the  sunbeam, 
had  no  more  effibct  on  water,  and  the  living 
body,  than  an  eaual  series  of  little  plates. 

As  Mr.  Children*8  battery  is  the  most  pow- 
erful in  the  world,  in  calorific  ^eety  so  that  of 
2000  pairs  of  plates,  of  32  inches  each,  fur- 
mshed  by  the  subscription  of  a  few  patrons  of 
sdence  connected  with  the  Royal  Instimtion, 
is  the  most  powerful  yet  constructed  in  electro- 
chemical  inientiiy.  The  whole  surface  is 
128,000  square  inches. 

This  battery,  when  the  ceUs  were  filled 
with  60  paru  (rf  water,  mixed  with  one  part 
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of  nitric  add,  and  one  of  solnhaiiB  add, 
afforded  a  series  of  brilliant  ana  impressive 
effects.  When  pieces  of  charcoal,  about  sn 
inch  long^  and  one-sixdi  of  an  indi  in  die* 
meter,  were  brought  within  l*30th  or  1.40th 
of  an  inch  of  each  other,  a  bright  spark  was 
produced,  and  more  thsn  half  the  volume  of 
the  charcoal  became  ignited  to  whiteness ;  and 
by  drawing  back  the  points  a  little  firom  eadi 
other,  a  constant  discharge  took  place,  through 
the  heated  air,  in  a  space  equal  at  least  to  four 
inches,  producing  a  most  brilliant  ascending 
arch  of  light,  expanded  and  conical  in  the 
middle.  When  any  substance  was  introduced 
into  this  ardi,  it  instantly  became  ignited. 

Platinum  mdted  in  it,  like  wax  in  the 
fiame  of  a  common  candle.  Quarts,  the  sap- 
phire, magnesia,  lime,  all  entered  into  ftisioQ. 
Fragments  of  diamond,  and  points  of  charcoal 
and  plumbago,  rapidly  disappeared,  and  seemed 
to  evaporate  in  it,  even  when  the  connexion 
was  miade  in  a  reodver  exhausted  by  the  air- 
pump;  but  there  was  no  evidence  of  thdr 
having  previously  undergone  fusion. 

When  the  communication  between  the 
points,  posidvdy  and  negativdy  electrified^ 
was  noadie  in  air  rarefied  in  the  receiver  of  ^ 
op,  the  distance  at  which  the  disdiarge 
lace  increased  as  the  sxfaanstkm  pro- 
[;  and  when  die  atmosphere  in  the  vasd 
suppofled  only  so  Indi  of  mercury  in  the 
bswmetrical  gauge,  the  sparks  passed  through 
a  qwoe  of  nearly  half  an  inch.  By  making 
the  pohits  recede  from  each  other,  the  dia. 
diarge  was  made  throinh  6  or  7  inches,  pro- 
dudng  a  most  beautifur  coruscation  of  purple 
light ;  the  diarcoal  became  intensely  igniti  * 
and  some  platinum  win  attached  to  it,  T 
with  brilliant  sdntilladons,  and  fell  in 
globules  upon  the  plate  of  the  pomp.  AD  1 
phenomena  of  chemical  decomposition  were 
produced  with  intense  rapidity,  by  this  combi- 
nation. 'When  the  pomts  of  charcoal  were 
brought  near  esch  other  in  non.«onducting 
fiuids,  such  as  <»ls,  ethers,  and  chloridic  com- 
pounds, brilliant  sparks  occurred,  and  dastic 
matter  was  generated.  Such,  indeed,  was  the 
electric  intensity,  that  sparks  were  produced, 
even  in  good  imperfect  conductors,  such  as  the 
nitric  aiS  sulphuric  adds. 

When  the  two  conductors  from  the  ends  of 
the  combination  were  connected  with  a  Leyden 
battery,  one  with  the  internal,  the  other  with 
the  external  coating,  the  battery  instantly 
became  chaigcd,  and  on  removing  the  wire^ 
and  making  die  proper  connexions,  dther  a 
shock  or  a  spark  could  be  perodved ;  and  the 
least  possible  time  of  contact  was  suAdent  to 
renew  die  charge  to  its  full  intensity. 

The  general  facts  of  tlie  connexion  of  the 
increase  of  the  different  powers  of  the  battery 
with  the  increase  of  the  number  and  surface  oif 
the  series,  are  very  disUnct ;  but  to  determine 
the  exact  ratio  of  the  connexion,  is  a  problem 
not  easy  of  solution. 
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MM.  Omj  LiiMBC  wd  Tbenicd  anaoiUMed, 
ihitt  the  power  of  ehemkal  decomposition 
inooMes  only  as  the  cube  root  of  the  number 
of  plates ;  but  their  experiments  vece  made 
with  parts  of  piles,  says  Sir  H.  Davy,  ^ery  un. 
iavoorable  for  gaining  aocoxab  reauUs.  In 
various  trials  made  by  him,  with  great  care,  in 
Che  hiboratogry  of  the  Ro^*l  Institution,  the 
MWilts  were  altogether  different 

The  batteries  employed  were  parts  of  the 
above  great  oomblnatioo,  carefully  insulated, 
and  rimilarly  charged ;  arcs  of  zinc  and  silver 
presenting  equal  surfaces,  arranged  in  equal 
glasses,  filled  with  the  same  khid  of  fluid, 
were  likewise  used ;  and  the  tubes  were  pre- 
dsely  similar,  and  filled  with  the  same  solution 
4>f  potash.  In  these  experiments,  10  pairs  of 
plates  produced  16  measures  of  gas ;  20  pain 
produced  in  the  same  time  49 ;  again,  10  pairs 
produced  five  measures ;  40  pairs  in  the  same 
time  produced  78  measures.  In  experiments 
made  with  ares,  and  wliich  aeemed  unexcep- 


4  pairs  produced        1     measure   of 

gas. 
12  in  the  same  time     9^ 
When  6  produced .  I 

30      •        •        .      34.5. 

Now,  theie  quantities  are  nearly  as  the 
•quara  of  the  number  of  pairs. 

In  batteries  whose  plates  have  equal  aieaa, 
Ae  calorific  power  has  been  said  to  be  as  the 
nnmber.  Sir  U.  Davy,  howevof^  found  thai 
wiisn  llie  surface  of  each  was  100  squaro  inches, 
10  pain  ignited  3  inches  of  plat,  wire  l-60th 

of  an  inch. 
30      dob      do.      6  inches    do.    do. 
40      do,      dOk    11  inches    do.    do. 

Tbe  results  of  experuoents  on  higher  num- 
ken  were  not  satisfactory,  for  100  pahrs,  of 
82  aquace  inches  eadi  ignited  three  inches  of 
iilarimim  wire  1.70th  of  an  inch ;  and  1000 
kaited  only  13  inches.  The  charges  of  ex- 
otmg  add  were  similar  in  both  cases. 

Tne  lalio  between  the  increase  of  calorific 
power,  and  increased  area  of  the  platea,  is 
probably  greater  than  even  the  square.  For 
30  pairs  S  plates,  containing  each  two  square 
ftet,  did  not  ignite  on»>sixteenth  as  much 
wire,  as  20  pairs  containing  each  eight  square 
feet;  the  acid  empk^ed  being  of  the  same 
•txength  m  both  cases.  But  great  difficulties 
oooir  to  ensure  accuracy  in  experim^ita  on 
aKtensive  and  powerful  batteries. 

In  Sir  H.  Mvy's  great  Hakerian  Lecture 
OR  the  chemical  agencies  of  electricity,  pub* 
liriied  in  the  PhiL  Trans,  for  1807,  and  moat 
deservedly  crowned  by  the  National  Institute 
of  France  with  the  Napoleon  prize,  he  amply 
demonstrated  that  adds,  which  are  electrically 
negative,  with  respect  to  alkalis,  metals,  and 
earths,  are  separated  from  these  bodies  in  the 
voltaic  circuit  at  the  positive  pole;  and  alkalis, 
metals,  and  earths,  are  separated  from  adds  at 
the  negative  surface.  He  showed  farther,  that 


ffuh  aie  the  attnctiag  powenof  tfaesesufactt, 

that  acids  are  transferred  through  alkaline  aolo. 
tions,and  alkalis  through  add  aolutions,  to  tlie 
poles  where  they  have  their  points  of  "ppi^tr 
This  was  exhibited  by  making  a  combination  of 
three  agaAe  cups,  one  containing  ^T?]r^«ty  at 
poCaah,  one  weak  nitric  add,  and  a  thbd  dis. 
tilled  water.    Tbe  thsee  woe  connected    by 
asbestos  moistened  in  pure  water,  in  such  a 
manner  that  the  surface  of  the  add  waa  Imrca 
than  the  suHaoe  of  the  fluid  in  the  other  two 
cups.    When  two  wires  of  platina  tmm  a 
powerful  voltaic  apparatus,  are  introduced  into 
the  two  extreme  cups,  the  soliitimi  of  the  aalt 
being  positivelv  electrified,  a  decomporition 
took  mace,  and  in  a  certain  time  a  poitioo  of 
potash  waa  found  dissolved  in  the  onp  in 
contact  with  the  negative  wire,  thang|ii  dv 
fluid  hi  the  middle  cup  waa  atill  sensibly  add. 

Sudi  are  the  chemico-analytical  p<HMia  of 
electridty,  that  not  even  insolnblft  oom|KMOida 
are  capable  of  resiating  their  energy ;  fiv  glaaa, 
sulphate  of  barytes,  fluor  spar,  gjpsnm, 
marble^  &c  whoi  moistened  and  placed  in 
contact  with  electrified  surfacea  from  the  vaL 
taic  apparatus,  aro  sensibly  acted  on,  and  the 
alValinB,  earthy,  or  add  matter,  slowi^  earned 
to  the  polea  in  the  omnmcn  ordet  Not  evao 
the  moat  solid  aggregatea,  nor  the  fiimest 
compounds,  are  capable  of  leaiating  this  mode 
of  attack.  Its  operation  is  slow,  but  die  sesolia 
are  certain,  and  sooner  or  later,  by  means  of  it, 
bodies  are  resolved  intoaimpler  fosmaof  matter 

Till  Sir  H.  Davy  established  the  gmnd  law 
of  electro-chemical  deoompoaitian,  ***T''n^tsV. 
inflammable  bodies,  alkalis,  earths,  and  oxides, 
are  detemuned  to  the  negative  smriGsce  or  pole, 
and  oxygen,  chlorine,  iodine,  and  adds,  to  the 
positive  pole,  it  had  been  imagined  that  varioua 
substances  might  be  generated  torn  pure  water 
by  means  of  electridty,  such  as  potash,  aoda, 
and  muriatic  add.  A  strict  investigation  of 
the  circumstances  under  wHlch  theae  aub* 
stances  ^>peared,  led  him  to  discover  that  they 
were  always  funiidied  iVom  the  vesaeb,  or 
from  impurities  in  the  water,  and  enabled  him 
to  determine  the  general  principles  of  dectocal  * 
decom^ition,  and  to  apply  thia  power  to  the 
resolution  of  several  species  of  matter  of  an. 
known  nature  into  their  elementa,  namdy,  tiie 
alkalis,  earths,  borscic  and  muriatic  acids»  &g. 

The  intimate  relation  between  the  decrtrical 
and  chemical  changes,  is  evident  likewiae  in 
the  genersl  phenomena  of  the  batteiy.  The 
most  powerful  voltaic  combinations  are  fanned 
by  substances  that  act  chemically,  with  moat 
energy  upon  each  other.  Such  substancea  as 
undergo  no  chemical  changes  in  these  combi. 
nadons  'exhibit  no  ekc^ul  powers.  Tbua, 
zinc,  copper,  and  nitric  add,  foim  a  powei£d 
battery ;  while  silver,  gold,  and  water,  which 
do  not  aict  chemically  on  each  otfaa^  produce, 
in  series  of  the  same  number,  no  pcvoeptible 
effect  These  circumstanoes,  in  the  intecy 
of  galvanic  leseareb,  led  to  the  betisf  ti^atjth« 
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d«etrfeil  phenonuna  were  entiiely  the  renilts 
of  dmiteal  changes;  and  that  at  beat  wm 
{Aoduoed  by  chemical  actioD,  under  oommon 
dtcQiDttanoes,  so  dectiidty  leoulted  ftom  it 
mder  other  drcumttancee. 

Thin  generalization  aeemB»  however,  to  be 
incorrect  Zinc  and  copper,  different  nietak 
and  oxalic  add,  different  metale  and  solphur 
or  charcoal,  exhibit  electrical  effects  after  mere 
contact,  and  that  in  cases  when  not  the 
alightest  chemical  change  can  be  observed. 
If  in  these  experiments,  indeed,  chemical  phe- 
Domtfia  are  produced  by  the  action  of  mensmia, 
all  electrical  effects  immediately  cease. 

The  sonrce  of  aotion  df  the  voltaic  apparatus 
aeems  to  depend  upon  caoses  similar  to  those 
wfaidi  produce  the  accumulation  in  the  Leyden 
battery,  namdy,  that  influence  at  a  distance, 
or  deetrical  induction,  which  was  fiiUy  treated 
of  at  the  commencement  of  this  article.  But 
tia  oonttnoons  action,  or  dectro-motion,  is 
eooneeted  with  the  decomposition  of  the 
chfmifal  mcnslnia  between  the  plates.  £ach 
plate  of  sine,  in  the  first  place,  is  made  poei- 
tiv<e^  and  each  plate  of  copper  negative,  by 
contact;  and  all  the  pktes  are  so  arranged 
vilh  respect  lo  each  other,  as  to  have  thdr 
dectridties  exalted  by  induction,  so  that  every 
lin^  polar  anangement  hdgfatens  the  dec- 
ttictty  of  every  other  polar  arrangement :  and 
henee  the  aeeumulatiott  of  power,  or  intensity, 
most  increase  with  the  number  of  the  series. 
When  the  battery  is  connected  in  a  cirde,  the 
dRcts  are  demonstrated  by  its  constant  ex- 
liibitien  ^Mf  chemical  agendea,  and  the  powers 
exiaC  as  long  as  there  is  any  menstruum  to 
decompose.  But  when  it  is  msulated,  and  the 
extreme  poles  of  sine  and  copper  are  unoon- 
■eeled,  no  cflbcta  whatever  $n  percdved  to 
take  place,  no  diemical  changes  go  on,  and 
it  exhibits  its  influence  only  by  communicating 
▼ery  weak  charges  to  the  deetxometer;  the 
sine  trrminalion  of  the  pole  communicating  a 
podtive  diarge,  the  copper  termination  a 
negative  diarge. 

A  beanttfbl  experiment  of  Sir  H.  0avy*s 
pioves,  that  each  plate  of  the  most  oxidable 
metal  in  the  appwatus,  is  in  the  reUUon  of 
podtive,  and  that  each  plate  of  the  least 
ooddable  is  in  the  relation  of  negative,  while 
every  soies  is  possessed  of  snnilar  and  equal 
poisKily.  Forty  rods  of  zmc  of  the  same  site, 
eounccled  with  forty  sQver  wires,  pvedsdy 
■faiilar,  were  introduced,  in  the  regular  order, 
into  similar  ghnses,  filled  with  a  solution  of 
mnxiate  of  ammonia,  rendered  slighdy  addn- 
loua  by  mnriatfte  add.  As  lona  as  the  ex* 
trane  parts  lemslned  unconnected,  no  gas  was 
diaeogaged  from  tile  silver,  and  the  sine  was 
scarody  acted  upon.  When  tiiey  were  oon- 
neeled,  all  the  plates  of  sine  were  disidlved 
modi  more  rapidly,  and  hydrogen  gas  was 
evohvd  ftam  every  silver  wiraw  In  another 
eqisilmem,  in  whidi  several  of  these  wires,  at 
«q^  discaneea,  woo  mtxodnoed  into  nriall 


g^ass  tubes,  it  was  fimnd  that  equal  quantities 
of  hydrsgcn  were  produced. 

There  are  no  fluida  known,  except  such  as 
contain  water,  which  are  capable  of  being  made 
the  medium  of  connexion  between  the  metals 
or  metal  of  tile  voltaic  apparatus;  and  it  is : 
probable  that  the  power  of  water  to  reodv^ 
double  polarities*  and  to  evolve  oxygen  and- 
hydrogen,  is  necessary  to  the  constant  openu. 
tion  ^  the  connected  apparatus.  We  may 
suppose  dso,  that  adds  or  sdine  bodies  in- 
crease the  action,  by  afibrding  elements  which 
possess  opposite  electridties  to  each  other, 
when  mutually  exdted.  The  action  of  the 
chemical  menstrua  exposes  continually  new 
surfaces  of  metal ;  and  the  electrical  equUi. 
brium  may  be  concdved,  in  consequence,  to  be. 
altematdy  destroyed  and  restored,  the  changes 
taking  place  in  imperceptible  portions  of  time.' 

We  may  show  the  manner  in  whidi  aqueous 
fluids  propagate  electrical  polarity  among  their 
particles,  by  a  very  simple  experiment.  Cut 
naivow  filaments  of  tin-foil  mto  lengths  of 
almost  half  an  inch,  and  place  them  in  a  line 
on  the  surface  of  an  oblong  trough  of  water. 
On  plunmng  into  the  water,  at  each  end,  wirea 
connected  with  the  two  exaemities  of  an  active 
voltaic  battery,  the  metallie  filaments  will 
immediatdy  acquire  pdarity.  Their  positive 
and  negative  poles  will  become  regularly  op- 
posed to  each  other ;  the  first  depositing  oxide, 
and  the  last  evolving  hydrogen.  The  analogy 
with  magnetic  acticme  is  hare  very  complete. 

That  the  decompontion  of  the  chemical 
a^ts  is  connected  with  the  energies  of  tiie 
pUe,  is  evident  from  all  the  expeihnents  that 
have  been  made.  No  sound  objection  has 
been  urged  agamst  the  theoiy,  that  the  contact 
of  the  mitals  destroys  the  dectrical  equilibrium, 
and  that  the  chemicd  changes  restore  it ;  and, 
consequcnUy,  that  Uie  action  exists  as  long  as 
tile  deoompodtions  continue. 

Volta  oiled  his  admirable  invention  an 
dectro-mofive  apparatus,  founding  his  theoiy 
of  its  operation  upon  the  Franklhiian  idea  oC 
an  deemed  fiuid,  for  which  certain  bodiea 
have  stronger  attractions  than  others.  Ha 
AXiodved  that  in  his  pile,  the  upper  plate  of 
sine  attracts  dectridty  ftom  the  copper,  the 
copper  horn  the  water,  the  water  again  from 
tiie  next  plate  of  sine,  the  next  plate  of  sine 
fkom  the  next  plate  of  coupes,  and  so  on. 
This  hypothesis  applies  hfppily  to  most  of 
the  phoiomena  of  tiie  action  of  the  insulated 
pile,  and  the  pile  connected  by  dther  of  itS" 
extremities  with  the  ground;  but  does  not 
explain  with  the  same  facility  the  powers  of 
the  apparatus  connected  in  a  cirde,  in  which 
each  phite  of  sine  must  be  supposed  to  have 
tile  same  quantity  of  dectridty  as  each  plate 
of  copper;  for  it  can  only,  as  Sir  H.  i>avy 
jostiy  observes*  reodve  as  much  as  the  copper 
pMi  give,  unless  indeed  the  phcnomcaa  of  the 
circular  apparatus  be  considered  as  depending 
upon  the  constant  and  rapid  circulation  of  the 
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Mkanl  (Watakilf ■  of  ckctxkity  in  the  difffeiait 
■erin,  which  nquim  the  piooC  of  a  oontaQt 
power  to  sttiact  deetridty  fitom  one  body,  at 
the  umc  time  th«t  it  w  g^iven  off  tt»  mo^bn. 
But  the  investigations  of  iSmdomb  and  Poiaaoo* 
already  detailed,  foUy  demonstiate  that  eke* 
tiidty  ia  not  dUtribafced  among  diflfareat 
spedea  of  mattee  by  any  hind  of  dectiTv 
atlnulloB. 

Platinum  meka  wi£ti  more  facility  at  the 
potitive  than  at  ihe  negative  pole^  when  it  ia 
eftunectad  with  cfascoal;  but  with  enlphmic 
aM  it  bccoBoea  led^hot,  only  when  it  ia 
negative)  and  the  add  positive.  In  the  calo* 
Ma  €d|ect  in  genenl,  cbarooel  ia  meet  easily 
igaited^  msxx  iron»  platinum,  gold,  them  eoppeg^ 
nd  lastly,  zfaic. 

^  Sir  H.  DavfsEItmemU,aitdILBiot*9 
Trmi  de  Phptique,  tome  ii.  chapUrc  IB\ 
S^Hb  ChMqnu  de  fAppareU  eUe^romoUur. 

We  shall  velaia  ilie  tide  Galvakisv,  oat 
•f  Mspeot  10  Its  discoverer,  and  place  under  it 
some  details  oonceming  the  inflnenoa  of  thia 
tern  af  cUctsicity  oa  living  bodies. 

SI«£CTRO  M AGNBTISM.  Thenssa 
gbto  to  a  dasaof  very  inteiesting  phonomsna, 
ikit  observed  by  M.  Oersted  of  Copcnhageaia 
ilie  winter  of  1819*2a»  and  which  iMive  siaoa 
laoeived  great  illustratioa  from  the  labours  of 
M.  AmpSie,  M.  Arago,  Sir  H.  Davy,  Dr. 
WoUaston,  Mr.  I>!siaday,  M.  de  la  Rive,  and 
irpsnl  other  pUlosophers*  The  nattuDe  and 
limits  of  this  Dictiooaty  wiU  aHow  me  to  giva 
amely  aahort  outline  of  the  fandamsptal&ts. 

Let  iS»  opposite  poiles  of  a  voltsie.battecy 
bo  oonaected  bf  am««aQic  wire,  which  may  be 
Mfc  of  snofalcsigth  as  to  suffer  its  being  bent  or 
taned  in  various  directisos.  Tlusis.tlieom* 
junotive  wire  of  91.  Oersted.  Let  us  aappoaa 
that  the  leedlhiear  portion  of  thia  wire  ia  esp. 
tided  hflrisentaMy  ia  the  line  of  the  magnetic 
meridian.  If  a  freely  suBMnded  corapasa 
aaedle  be  now  iotroduoed,  with  its  eentse  %nder 
the  eanJuBctifa  wbe,  the  needle  will  matantly 
davlata  from  the  maonetie  meridiant  and  it 
wiB  dedhie  towards  the  a»ei«,  under  that  part 
af  the  oonjunctivu  win  irfiich  is  nearest  Ae 
negalive  ckctric  pole,  or  the  copper  end  of  the. 
VQltaie  awaratus.  The  amount  of  this  da. 
dhiation  depoida  on  the  stnngUi  of  the  elec 
ttkhy,  and  «he  seMibiUty  of  the  nsecHe.  Its 
MttrftiiNm  is  90*. 

We  mi^  change  the  direction  of  die  4»fe 
Jaaetiva  wnt,  out  of  the  magnetic  meridian, 
lowsids  the  CMt  or  the  west,  provided  it  re. 
mains  above  the  needle,  and  pandlel  to  its 
planer  wlthoatany  change  in  the  above  result, 
Moept  tbat  of  its  amount  Whas  of  platinum, 
gold,  silver,  beass,  and  iron,  may  be  equalhr 
employed ;  nor  does  die  efibct  ocase  mou^ 
the  electric  dieuit  be  pardally  finned  by 
The  efl^  of  theoonjnnotive  wire  tUca 


place  across  ptoles  of  ghias,  metal,  wood, 
y,  and  stone. 


Water,  resin,  pottery,  i 
If  the  coijuBdin  wiia  be  di^Mnd  boo* 


zentally  tefiAilA  the  needle  the  aflhcts  ava  of 
the  same  nature  as  these  wluch  occur  wIks 
it  is  aboi»e  it;  but  they  operate  in  an  invaBie 
direction ;  tbat  ia  to  twy^  tha  pole  of  tha  needle 
under  which  is  placed  the  portion  of' the  cou. 
junctive  wire  wttch  leaeives  the  negative  elec 
tiicity  of  the  apparatus,  declines  in  that  case 
towards  the  comL 

To  remember  these  results  move  readily,  we 
may  employ  the  foUowii^  psopositJMi  2  2%« 
pole  ABOYfi  ttkkh  the  negatvoc  elcetriabf 
eatsrSf  decUnes  tottard*  ike  west  ;  bmi  ffit 
enUr$  ms>r«ATX  U,  the  ne$dU  dtciu^f  «e. 
wards  the  sast. 

If  the  conjunctive  wire  (always  iuppoacd 
hofiflontal)  ia  slowly  turned  about,  so  as  ui 
form  a  gradually  increasing  angle  with  the 
magnetic  meridian^  the  declination  of  the 
needle  increase!,  if  the  motQemcnt  of  tho  wire 
be  towards  the  line  of  position  of  the  disturbed 
needle;  it  diminishes^  00  the  oontraiy,  if  it 
recede  from  its  positioo. 

When  the  conjunctive  wise,  is  stxetched 
along.side  of  the  needle  ip  the  same  hoiiaontal 
plane,  it  occssiona  no  declination  either  ftp  the 
east  or  wseatt  but  it  causes  It  merely  torndSae 
in  a  vcEticaL  lios^  so  that  the  pole  a^jotniiv 
^  BMative  influence  of  the  i^e  on  the  wire 
dips  when  the  wire  ia  on  ita  west  side,  and.  lisea 
when  it  is.  on  the  east 

If  we  sd«tch  the  ooqjttnfttive  wirsi,  either 
above  or  beneath  the  iiatdle,  in  a  plane  pea. 
peodiculai  to  the  magpsetic  meridian,  it  ra. 
mains  at  rest,  unless  the  wue  be  very  near  the 
pok  of  the  needle ;  fi»B,  in  this  ctm,  it  lissa 
when  the  entrance  tahes  placet^  the  west  pari 
of  the  win,  and  sinln  when  it  takes  phMO.by 
the  east  part. 

When  we  disfKMB  thacoDJnaoiure  wira  ia  a 
vertical  Ime  oppeslle  the  pole  of  Um  needio, 
and  make  the  upper  eiiicmi^  of  the  wire 
recrive  ther  ierlTif  ity  of  the  negative  end  of  the 
battery,  the  pole  of  the  needle  movea  towards 
the  iCoH ;  but  if  we  plaoe  d&e  wke  opposite  a 
point  betwixt  the  pole  and  die  midoLe  of  tha 
needle,  it  movw  to  the  Mtifc  Tbephmqm^na 
ire  ptcsented  in  an  invctee  order,  when  tha 
upper  extremity  of  the  ooojooctiva  win  re. 
ecKves  the  dectririiy  of  the  positive  side  of  tha 
apparatus* 

*  )t  appeaia  frsm  the  preoeding  frfltB»  ssjw 
M»  Oersted,  that  die  efectoc  oenflict  ^ttian.) 
ia  not  endeaed.  within  lbs  oondneti^'  win» 
but  that  it  hM  aptettj  extouive  sphsre  ofac- 
thrity  round  it.  We  may  aleo  oonoluda  froaa 
dttoheecvationB,  dMt  diis  oenmet  apti  by  ime- 
Inlson ;  for  withovjt.this  supposition  we  oonld 
not  coniinehend  how  the.  same  poEtioa  of  the 
eeniunetive  wiv^  which,  placed  bemtatk>  tl|a 
magnetic  p^  carries  the  needle  twFsrda  the 
caat,  when  it  is  placedr  oioM  thaa.pel4i»  should 
eaoy  it  towarda  die  vest  But sp^ia  thona. 
tore  of  the  dicuhv  action,  that  tbemownttii 
whidi  it  prodaees  takephMDe  hi  direotioaA  jMK 
4tfdj  coBtivy.  to  dM  two  cxinmtifA  ^4a 
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culflff  BOTCDicBt^  canbiBcCK  wtui  a  pwgiwmiyg 
nMnremcnt  in  the  direction  of.  the  ladgm  of  the 
omjunctEire  win,  ou^bi  to  foBB  a  kuid  of 
atdloD,  which  operates  ^^raUy  noond  thia 
wIsB  aa  an  axa.  For  lorthn  infianiiation, 
Ulr.  Fanday's  aUe  papet^  in  the  Joimal  o€ 
SriHiae,  xii  14.  mi^  be  eonauked;  as  ako 
jM*  Aflopcn'a  aevnal  jngwiiona  mflmoiis  in. 
the  Anuakadt  Chiwio  el  da  Phyaiqne,  roL  xr. 
^  Mf.    Sae  TBX»xoa;i.ECTBO*XA«yxT. 

X8M. 

SUBCTRUM.  SeaOBESofGoLn. 
EIi£A(I£NT&  Atemiuiedbf  theeaiUflK 
duniiate^  neady  in  tfaa  nme  nnie  as  the  mft* 
^croa  use  the  tamjbnt  pHmciple,  The  dntf, 
and  indeed  veiy  essential  diflferenoe  between 
I  ia^  that  liie  aodsits  oonridared  llitir  ele- 
BsimpUcity^ 
r  bD&ea  I7 
eas  the  fint 
frindples  of  the  modaraa.  axe  cansideied  a* 
aimnle,  merely  in  respect  to  the  present  state 
of  ne  art  of  analysing  bodies.    See  the  Iv- 

TBOOVCTIOH. 

ELSHI.  A  lasin^  «fakb  exudes  fiom 
ineisiona  made,  in  dsy  wesiihar,  thioagh  the 
bssk  of  the  amyrU  ekmifira^  a  tree  which 

Snss  in  America.  U  i  wappcd  in  flag 
ves,  ki  long  muodiah  ealbes,  semitranspa- 
ient,  and  of  a  yellow  oolsor.  It  has  a  fidnt 
Ingraiioe.  Eloni  has  an  acadtMie»  and  an 
odoor  partaking  both  of  campbor  and  lemon. 
It  eontttedear  resfai  adlnble  in  aold  alcohol, 
€0  ;  ^idiice  opaiina  maltet  aafeUe  in  boiling 
alooliol».84'00;  To]aiflB«3,  lS-6;  bitter  ex- 
lactiTey  2^ ;  ImpuiideB,  l-fMK  Etemi  Ss  some- 
times adnlterated  wAl  u»udn  of  the  plnns 
anstralis,  whidi  is  nmkf  icoDgnized  by  its 
sntiw  salnhiiiiy  in  coU  abolk>L  JiMr.  tk 
Fharm.  fn  Anp.  1889^ 

£UQUATION»  AnapsmionbymnMn 
of  wiikb  a  VKHOB  fiiaible  snhsiaQfia  is  separated 
fiom  another  which  is  less  fasiblfr  U  cod» 
slats  in  the  applfbation  of  a  degpM  of  heat 
snffldffH  to  nue  the  formefy  bat  not  the 
latter. 

ELUTRIATIOK.    Tbitwaidtf  osedby 


tare  smalT  emcboidai  Fragments  tabular. 
Transparent  Rdraets  double.  Harder  than 
qnartz,  but  softer  than  topas.  Easily  frsn- 
gible.  Sp.  gr.  2^9  to  dS:  Loses  transpa- 
rency, and  then  melts,  beibra  the  blowpipe. 
Its  oonstitueou  are  35  to  36  silica,  18  to  19 
riomfaa,  14  to  16  glueina,  2  to  3  iron,  and 
27  to  31  loss.  The  last  is  chiefly  water,  and 
in  some  measure  alkalL  Found  in  Peru  and 
firasIL  It  is  a  beautiful  minend,  but  too 
bnttle  ibr  jeweUety. 

2.  BMomboidal  Emerald,  of  wfaidi  then  am 
two  8id>>-species,  the  precious  emetald  and  the 
beryl.  Preckmaemoaldis  well  chamderiaed 
by  its  amemld-.grBen  colour,  of  various  depths. 
It  iagenerftUy  crystallised.  The  primitive  finm 
is  an  equisngnlar  siz^ded  prism,  on  which  t»- 
rioustmncations  are  found.  Thelaterslplanea 
are  smooth  $  thetennlaal  planes  rough.  Lustes 
splendent.  Qeatage  straight  and  Ibuswfold. 
Fiaecme  inpcrfiKt  eooduridal.  Transpsrcnt. 
Moderate  double  reftaetion.  Neariy  as  hard 
as  topaz.  8p.  gr.  2*6  to  2-77*  Heated  ton 
ntodarate  degree,  it  becomes  of  a  blue  colour, 
but  reeovcts  its  tint  en  cooling.  At  a  b^h 
heaiyifcftwea-into  a  white  vesicular  c^ass.  Ite 
tnnatiteents  are,  silica  6^5s  alnminA  16,  glu- 
dan  IS,  oiideof  ckrame3'25,  lime  1-6,  water 
%  Klaprotii  fomid  1  of  oxide  of  iscm.  It 
oecnis  in  drusy  cajvities,  along  with  iron  py- 
ritea,  calcaieoua  nar,  and  quarts,  in  Teina 
that  tvaraae  day-slate.  The  most  beautlAii 
amcBdda  oeme  ftom  Pera.  As  a  gem,  it  ia 
Tidued  next  to  the  ruby.  See  Bbkti.,  in  ite 
ahihabelical  pbuMk 

EMEBY.  A  saiMpsdca  of  rhsmboidal 
^ocimdnro.  Its  colour  iaintsnnedlate  between 
greyhh*bisdi  and  bfatidi-grey.  It  occuta 
aasasire  laid  disseminated,  and  also  in  granu- 
lar ooncretlanft  Lustre  gUatcning  and  ada* 
mantilM.  Fraotusefine.giaSMd,unnvn.  Trans- 
loeent  on  die  edges.  SoTcryhardaa  toscmtdi 
topas.  Diflicuhlyiranglbte.  dfi.gr.44)-  Ite 
cnnstiteente  are  86  ahionina,  3  silioa,  4  iron, 
and  7  loss,  in  Saxony,  it  ooeurs  in  bsda  of 
tda  and  steatite.  It  ooeurt  abundantly  in  tlM 
Ide  of  Naxoa,  and  ako  at  Smyrna.  It  is  used 


ELUTRIATIOK.    Tbitwadtf  usedby  te  paUhinghdrdmineEaU  and  roetsla.    Ite 

fhiiwiHi  to  denote  the  pmssss  of  wsdifag,  fine  powder  ia  obtamed  by  tritonrinn  and 

nMh  caniw  off  the  lighter  etMhy  pivte,  dutriation. 

^lOitltebtadlKBiatidliiipMissBbddetirthii  EAIBTIN.    I>igesttoseaenan  root,  fint  in 


EMEBAIiQ.    lads 
ipnriiB.  thst  pmnstifi  nsdrimnbddak 

L  PtMvmk  BmepM,  Encltaa  of  HaSy. 
Ite  colours  are  green,,  of  Tadsoa  shades,  and 
sometimes  sky-bbe.  It  is  found  only  crys- 
talliied.  The  primitive  foml  is  a  prism  of 
133*241  Ite  seooadiry  fonoBS  ate,  an  oUique 
fiNir-sidnl  prism,  vanoudy  midifidl^by  aen- 
HilnallflBs  and  truncations.  ThabMnlplanea 

Gksvage  perfect,  te  Ibe  direction 
ofth«saifdlirdii«ttwboflh»pti«ii    Fntc- 


EAIBTIN.  I>igest  toseaenan  root,  fiiat  in 
edier  snd  then  in  aleofaoL  Bvapomte  the  al- 
cdioHe  faiftidon  to  dryneas,  rediasolve  in  wa- 
ter, and  drop  in  acetate  of  lead.  Wash  the 
pBsdpitates  ttodthent  dlffudng  it  in  water,  do* 
eomposB  by  aeunensof'sulphuxetted  hydrogen 
gaa.  Solphuret  of  lead  falls  to  the  bottom, 
^bA  the  enuitinrieonina  in  solution.  By  eva- 
pteeating  the  mter,  dus.  substance  is  obtahiad 


Emodn    tana  teanspavent  bvownish-sed 
It  has  nn  snsdl,  but  a  bitter  acrid 
At  a  heat  somewhat  abov«  that  of 
J  water,  it  is  resdved  hito  carbonic  add; 
ailt  rod  vinegar.    It  aflbrds  no  ammonia.    It 
E  E  2 
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M  tdlHble  both  in  wtter  and  alcofaol,  but  not 
in  ether ;  and  anoystallixable.  It  ii  pnci|ri- 
uted  bj  protemitrate  of  mercury  and  oomMive 
foblimate,  bat  not  by  tartar  emetic.  Half  a 
grain  of  emetin  acts  as  a  powetful  emetic,  ftiL 
Unred  by  sleep;  six  gndns  vomit  yiolently, 
and  pvodnoe  stupor  uid  death.  The  hmgs 
and  utestines  are  inflamed.'  Pelletier  and 
M agendie,  Ann.  de  CMmU  ct  de  Pkyrique, 
if.  172. 

In  the  24th  Tolume  oiiheAnnakt  de  Chim. 
t  ft  P^lf»\  MM.  Dumas  and  Pelletier  describe 
an  improved  process  for  extracting  emetine. 
The  powder  of  ipecacuanha  is  ^gested  in 
water  with  caldned  magnesia.  Ths  deposit 
is  thrown  on  a  filter,  washed  canfoUy  with 
very  cold  water,  and  dried.  The  emetin  is 
then  taken  up  by  aloohoL  It  may  be  afler- 
wanls  combined  with  an  add,  and  the  salt 
may  be  purified  with  animal  chaiooaL  When 
the  emetin  is  once  more  thrown  down  by  mag- 
nesia, alcohol  redissolves  it  in  a  odourless 
state.  Bmetin  thus  obtained  is  a  yellow- 
ish  white,  and  pulvttulenL  The  only  iSlBet 
of  air  is  to  colour  it  slightly.  It  is  little 
soluble  in  cold  water;  and  somewhat  more  so 
in  hot  It  fuses  about  122*  F.  It  is  very 
soluble  in  alcohol ;  but  not  in  ether  and  oils. 
It  is  highly  alkaline,  though  adds  saturated 
with  it  do  not  ^ord  crystalUiable  compounds. 
Gallic  add  and  nut  galls  seem  to  alter  it  by 
(brming  very  abundant  white  precipitates. 
SttbacMate  of  lead  has  no  efiect  on  it,  though 
it  predpxtates  the  cokMired  emetin,  which  haa^ 
according  to  M.  Magcndie,  only  one-third  the 
activity  on  the  animal  fraine  of  the  pure  sub- 
stance. Its  constituents  are  carbon  64*67; 
akote  4*00 ;  hydntten  7*77 ;  oxygen  22-96. 

EMPYRBUMA.  This  term  is  applied  to 
denote  the  peculiar  smell  produced  by  a  con- 
siderable heat  upon  vegetable  or  animal  sub- 
stances in  dosed  vessels,  or  when  burned  un- 
der  drcumstaaces  which  prevent  the  access  of 
air  to  a  considerable  part  of  thtf'mass,  and 
consequently  oocasbn  an  imperfect  combus- 
tion,  or  destructive  distillation  of  the  parts  so 
eovered  up  by  the  rest  of  the  mass. 

EMULSION.  An  unpeffbct  combination 
of  oil  and  water,  by  the  intervention  of  some 
other  substance  capable  of  combining  with 
both  these  substances.  The  substances  are 
dther  saccharine  or  mudlaginous. 

ENAMEL.  Then  are  two  kinds  of  ena. 
md,  the  opaque  and  the  transparent  Trans- 
patent  cmunds  are  usually  rendered  opaque 
py  adding  putty,  or  the  white  oxide  of  tin,  to 
th«m.  The  basis  of  all  enamds  is  therefore  a 
peribcdy  tcanspsrent  and  ftidble  glass.  The 
oxide  of  tin  renders  this  oi  a  bouitiftil  white, 
the  perfection  of  iriiich  is  oreater  when  asmall 
quantity  of  manganese  is  likewise  added.  If 
dlie  oiide  of  tm  be  not  tttttdcnt  to  destray 
^ke  ttanspaioicy  of  the  mixture,  it  psoduceaa 
Md^opaque  glass,  resembling  the  optl, 

YOow  eoamd  is  formed  by  the  addition  of 
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oxide  of  lead,  or  antiaony.  KnnciBrJ  like^ 
wise  affirms,  that  a  beautiful  ydlow  may  be- 
obtained  from  silver. 

Red  enamd  is  afforded  by  the  OBd^  of 
dd,  and  also  bv  that  of  iron.    The  finmer 
the  most  beautuiil,  and  stands  the  fire  ver^r 
well,  which  the  latter  does  not 

Oxide  of  copper  affords  a  green ;  manga- 
nese, a  videt ;  cobalt,  a  blue ;  and  iron,  a 
very  fine  black.  A  mixtore  of  these  dificrent 
enunds  produees  great  variety  of  intenne- 
diate  colours,  according  to  thdr  nature  and. 
proportion.  In  this  Inanch  of  the  ait,  the 
coloured  enamels  are  sometimes  mixed  with 
eadi  oUier,  and  sometimes  die  oxidea  axe 
mixed  before  they  are  added  m  the  vitieooa 


In  the  Transactions  of  the  Society  of  Arts 
ibr  1817,  a  valuable  list  of  reodpts  for  eoaaoel 
colours  is  given  bv  Mr.  R.  Wynn,  for  the 
oommunioatiott  of  which  a  premium  was 
awarded.  The  foUowfaig  are  Mr.  Wyim*a 
fluxes:— 

No.  1.  Red  lead,  8  poMa. 

Caldned  borax,  1^ 

FUnt  powder,  2 

Flint  glass,  € 

Nol  2.  Flint  gbM,  10 

White  anenie,  I 

Nitie,  I 

No.  S.  Red  lead,  1 

FUntg^ns,  S 

No.  4.  Red  lead,  94 

Borax  not  calrinwi,    6f 
Flint  glass,  8 

Na  6.  Flint  glass,  6 

Flux,  No.  2.  4 

Red  lead,  .8 

After  the  fluxes  have  been  mdled,  they 
should  be  poured  on  a  flag  stonsb  wet  with  a 
sponge ;  or  into  a  laige  pan  of  dean  water« 
then  dried,  and  flndy  pounded  in  a  biscuit- 
ware  mortar  for  use. 
Yellow  enameL 
Red  lead,  B 

Oxide  of  antimony,  1 

White  oxide  of  tin,  1 

Mix  the  ingredients  wdl  in  a  biscaut-waie 
mortar,  and  having  put  them  on  a  piece  of 
Dutch  tile  in  the  muffle,  make  it  gradually 
red-hot,  and  suffer  it  to  oooL  Take  of  thia 
mixture  1,  of  flux  Na  4.  U;  grind  them  in 
water  for  use.  By  varying  the  proputtkna  of 
red  lead  and  antimony,  different  shades  of 
colour  may  be  obtahied.  i 


h»d,  12 

Red  sulphate  of  ivon,  I 

Oxide  of  antimony,  4 

'  FUnt  powder,  9 

After  caldnfaig  these  without  malting,  fuse 
1  part  of  the  compound  with  24  of  flux.* 
Dark  Red. 
Sulphate  of  iron  caldned  dark,  1        ' 
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Red  sulphate  of  iron,  I 

Flux,  No.  1.  3 

White  lead,  1^ 

Brown. 

Manganese,  24 

Red  lead,  4 

Flint  powder,  4 

See  Transactions  o(  the  Society,  or  the  PhiL 
Mag.  Tol.  51.  Mr.  TiUoch  justly  observes, 
that  borax  should  be  used  sparingly,  as  it 
causes  efflorescence,  and  decay  of  me  enamel 
tnlours. 

ENBELLIONE.  Boumonite. 
ENTROCHL  A  genus  of  extraneous 
fomsSls,  usually  of  about  an  inch  in  length, 
and  tnade  up  of  a  number  of  round  joints, 
'^hich,  when  separate  and  lobs^  are  called 
trochitae :  they  are  cotnposed  of  the  same  kind 
of  plated  spar  with  the  liassil  shells  ci  the 
echini,  which  is  usually  of  a  bluish-grey  oo- 
louT,  and  are  rery  bright  where  fresh  broken : 
thejr  are  all  striated  mnn  the  centre  to  the  or- 
cumfoence,  and  have  a  cavity  in  the  middle. 
They  seem  to  be  the  petrifiad  arms  of  that 
singular  species  of  the  sea  star-fish,  called 
Stelk  arborescens. 

EPIDOTE.    Pistacite.— H^rriwrr.  A  sub- 
species   of  prismatoidal    augite. — Jamesoiu 
Acantioone,  from  Norway.     Coluuis,  pista- 
cfaio-sreen,  and  green  of  darker  shades.    Mas- 
'  atre,  m  distinct  granular  or  fibrous  concretions, 
and  crystalliied.     The  primitive  form  is  an 
oblique  four- sided  prism,  in  which  the  lateral 
^es  meet  at  angles  of  1 14®  37'  and  65*  23^., 
The  secondary  forms  are,  1.  Very  oblique  four- 
aided  prisms,  bevelled  on  the  extremities.    2. 
That  figure  truncated  on  the  acute  edges,  and 
flatly  bevelled  oo  the  extremities.    3.  A  broad 
mMqukngtilar  fix-sided  prism,  variously  acu- 
miaated  or  truncated.     4.    A  veiy  oblique 
four-sided  prism;  truncated  on  the  obtuse  lata- 
nl  edges,  and  doubly  acuminated  on  the  ex- 
tremities by  four  planes.     The  crystals  are 
sometnnes  reed  like,  and  the  lateral  planes  are 
longitudinally  stieaked ;  but  the  truncating, 
acnminating,  add  bevelling  pbnes^ase  smooth, 
and  the  terminal  planes  diagonally  streaked.. 
Lustre  splendent,  internally  inclioing  to  pearly. 
Cleavage  twofold.    Fracture  flat  concboidid. 
Trsotlucent.    Harder  than  fdspar,  but  not  so 
hard  as  ouartz.    Brittle.    Sp.  gr.  3.45.    Be- 
fore the  Uow.pipe  it  is  convened  into  a  brown- 
colonred  scoria,  vhich  becomes  black  with  heat. 
Its  constituents  are,  silica  37)  alumina  21, 
lime  15,  oxide  of  iron  24,  oxide  of  manganese, 
1.5,  water  1.&    Laugier  found  26  alumina, 
20  lime,  and  13  oxide  of  iron.    It  occurs  in 
primitive  beds  and  veins,  along  with  augite, 
gtmet,  hornblende,  calcareous  spar,  copper 
pyrites,  Ac-     It  is  found  in  Arran,  in  secon- 
dary syenite  and  day.Alatc;  in  Mainland  of 
'  Shetland,  in  syenite  j  in  the  Island  of  Icolm< 


kin,  in  a  rock  composed  of  red  felspar  and 
quarts ;  in  the  syenite  of  Olenooe ;  hi  sunikr 
rocks  among  the  Malvern  hills;  in  quarts,  at 
Wallow  Crag,  near  Keswick;  in  Cornwall; 
Arendal,  in  Norway ;  in  Bavaria,  France,  Ac. 

EPIDERMIS.  If  the  human  skin  be 
macerated  in  hot  water,  it  separates  into  two 
parts,  the  cuHty  or  true  skin,  and  the  epider- 
mi»^  m  Ktaf  skin.  The  continued  action  of 
-warm  water  at  length  dissolves  the  cutis,  but 
does  not  afiect  the  epidennis,  neither  does 
aloohoL  Caustic  alkali,  however,  dissolves  it. 
It  resembles  coagulated  albumen. 

EPSOM  SALT.    Sulphate  of  magnesia. 

EQUIVALENTS  (CHEMICAL).  A 
term  happily  introduced  into  chemistry  by  Dr. 
Wollaston,  to  express  the  system  of  definite 
ratios*  in  which  the  corpuscular  subjects  of 
this  sdence  redprocally  combine,  reftared  to  a 
common,  standard,  reckoned  unity.  If,  with 
this  profound  philosopher,  we  assume  oxygen 
as  the  standatd,  from  its  almost  universal  re- 
lations to  chemical  matter,  then  calling  it  unity, 
we  Ihall  have,  in  the  following  examples,  these 
ratios  reduced  to  their  lowest  terms,  in  whidi 
the  equivalenta  will  be  Prime  ratios : — 

The  lowest  ratio,  or  equivalent 
prime  of  oxygen  being  1 .000 

That  of  hydrogen  wiU  be 

Of  fluor  ? 

Of  carbon 

Of  phosphorus 

Of  azote 

Of  sulphur 

Of  calcium 

Of  sodium 

Of  potassium 

Of  copper 

Of  barium 

Oflead 

The  substances  in  the  above  table,  suscep- 
tible of  reciprocal  saturation.  Can  combine 
with  oxygen  or  with  each  other,  not  only  in 
proportions  conespondinp  to  these  numbers, 
but  also  frequently  in  multiple  or  sub-multiple 
ptoportions.  We  have  therefore  two  distinct 
propositions  on.this  interesting  subject : 

1st,  Thegeneralreciprodtyofihesaturatiog 
proportions. 

id.  The  multiple  and  submultiple  propor- 
tions of  prime  equivalents,  in  which  any  one 
body  may  unite  with  any  other  body,  to  con- 
stitute successive  binary  compounds. 

The  first  proposition,  or  grand  law  of  che- 
mical oombinatjon,  was  discovered  by  J.  B. 
Richter,  of  Berlin,  about  the  year  1 792.  The 
second,  of  equal  importance,  was  suggested  so 
early  as  the  year  1788,  by  Mr.  W.  Higgins, 
but  was  first  developed'  and  demonstrated  by 
Mr.  Dalton  in  his  New  System  of  Chemic4 
Philosophy. 

RicbUir  inferred  his  from  the  remarkable 
and  well  establiahcd  fact,  that  two  neutral 
salts,  in  reciprocally  decomposing  riich  other, 
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gife  birth  lo  two  new  Mdine  eomBoundi, 
always  perfectly  neiitnL  Thua,  salpWc  of 
aoda  bdng  aoied  to  murbte  of  lime,  will 
pndnoe  pofeotly  neatial  aulphate  of  lime  and 
muriate  of  loda.  The  cooatiiionB  he  drew 
were,  l8^  That  the  quantities  of  two  alkaline 
bases,  adequate  to  Deuttalize  equal  weights  of 
any  one  aad,  aie  piuportioiial  to  the  quaotitiss 
«f  the  came  bases,  requisite  to  neuiraliu  the 
lame  wei^ts  of  every  other  acid.  For  es- 
ampk,  6  parts  of  potash,  or  4  of  soda,  nen- 
tmfiae  b  cSf  sulphuric  acid;  end  4.4  cifout^ 
are  adequate  to  the  satuntiaa  of  6  of  nitric 
acid*  Therefore,  to  find  the  qaantity  of  toda 
equivalent  to  the  satuntiim  of  diis  wdg^t  of 
nnric  add,  we  need  not  make  ezpecimaBts, 
but  merely  compute  it  by  the  proportioaal 
ruleofRidkter.  Thus,s8  6  :  4^: :  4  :2.93; 
or  in  words,  as  the  potssb,  equivalent  to  the 
anlphoric  add,  is  to  the  potash,  equivalent  to 
the  nitric  add,  so  is  the  soda,  equivalent  to  the 
first,  to  the  soda,  equivalent  to  the  second. 
And  agsin,  if  6Lfi  potash  saturate  5  of  mu- 
riatic add  gas,  how  much  soda,  by  Ricbter's 
Tttk,  will  be  required  for  the sameefiect?  We 
say  6  :  6.5  : :  4  :  4.3.  Sdly,  If  10.9i)0tacb 
combine  with  b  of  oaibonic  acid,  how  much 
■oda  will  be  equivalent  to  that  efiect?  Now, 
6  :  109  :  :  4  :  7-26.  Here,  therefore,  we 
have  found,  that  if  6  potssh  be  cquivslent  to 
4  soda.  In  saturating  b  of  sulphuric  acid,  this 
ratio  of6to4,or3to2,  will  pervade  all  the 
possible  salfate  combinations ;  so  thst,  whatever 
be  the  quantity  .of  potash  requisfte  to  saturate 
6,  10,  dbe.  of  any  other  add,  two^hiids  of  that 
quantity  of  soda  will  suffice. 

In  the  same  manner  let  us  find  out,  for  five 


of  sulphuric^  or  of  any  «oe  twnlart  add,  lite 
aatmiing  quantity  of  amoMMiia,  m^nrrfa, 
lime,  strontites,  barytes,  peroodde  of  cvpptr^ 
and  the  other  basse;  then  their  psoportiasis  ta 
potash,  thus  ascertained,  for  this  acid  will,  by 
arithmetical  reduction,  give  their  satsacating^ 
quantity  of  every  other  aod,  whose  relscioo  ta 
potash,  or  indeed  to  any  one  of  these  baaca,  ia 
known. 

The  experimental  vcfifieatknefdiia  moat 
hnportant  law,  oecuiad  Riditcr  tan  the  scar 
1791  to  the  year  1868,  in  which  period  lie 
published,  in  suooessive  parts,  a  curious  vaoak, 
entitled  the  Oeometiy  ^  the  ChemicBl  £le. 
menti,  or  Prindples  of  Steddometry.  We 
might  have  eaperted  greater  acenncy  in  hie 
investigations,  tan  the  drcurastanoe,  ihsut  Dr. 
WoUaston  selected  his  statement  of  the  cod- 
stituentB  of  nitie,  in  preference  to  those  of  all 
other  chemiMs,  in  the  oonstxuction  of  hia  ad- 
miBshle  table  of  chemical  praportiona. 

With  indefotjgable  zeal  Riditer  rrammad^ 
by  operiment,  «icfa  add  in  ita  rehlion  to  the 
bases,  and  then  compared  the  resuks  wiih  thoae 
given  by  cslculation,  pirsenriiig  bodi  la  an 
extensive  aeries  of  tables. 

It  is  curious  that  he  does  not  seen  to  faste 
been  awaie,  that  all  his  tables  might  iisva 
been  reduced  into  a  single  one,  of  21  numbea, 
divided  into  two  columns,  by  means  of  wfaacfa, 
eveiT  question  relating  to  the  inrlndad  azticks 
might  be  sdved  by  the  rule  of  three,  or  a 
sliung  scale.  The  following  table,  oomputsd 
by  Fischer  bam  Aichter's  Iwt  tshles,  was  ia- 
soted  by  the  celebrated  Bertfaolletin  a  note  to 
his  diemiosl  ftattca. 


0aMs. 

Oxygen  =  l. 

Addfc 

OKy«iB-j. 

Alumina, 

625 

2.625 

fluoric. 

427 

2135 

Hsgnesia, 

616 

3*075 

Carbonic, 

677 

2865 

Ammonia, 

&J2 

3.36 

Sehadc,^ 

706 

3-569 

Lime, 

793 

3965 

JOuriatie, 

712 

3560 

^. 

859 

4245 

Oxalic, 

756 

3*776 

Strontian, 

1S29 

6.645 

Phosphoric, 

979 

4-895 

Potadi, 

1695 

84>25 

xorauc, 

966 

44M 

Barytes 

2222 

Mil 

Sulphuric, 

1000 

5.909 

Sucdaie, 

1290 

64)45 

Nitric, 

1405 

70«5 

Acetic, 

1490 

7-400 

Citric, 

1683 

8-416 

Tartateau^ 

1694 

8^79 

I  have  added  the  two  columns  under  oxy- 
gen, firom  which  we  see  at  once,  that,  with  the 
exception  of  the  bases  lime,  stnmtiao,  and  soda, 
and  the  adds  carbooic,  muriatic  sulphuric, 
nitric,  dtric,  and  tartaric  the  numbers  given 
by  Rlchter  do  not  form  tolentble  approxima- 
tions to  the  true  proportions.  The  object  of 
the  above  table  was,  to  give  directly  the  quan- 
titles  of  add  and  alkali  requirite  for  mutual 


saturation.  For  example,  1605,  opposite  to 
potash,  is  the  quantity  of  that  alkifli  equhrident 
to  neutralize  427  of  fluoric  add,  577  carbonic, 
712  muriatic  1000  sulphuric,  &c  Each  co- 
lumn affords  also  progresrivdy  hicicastng 
numbers.  Those  nearest  the  top  have  die 
greatest  add  or  alkaline  energies,  as  measured 
by  their  powers  of  sataratioo.  The  column 
of  Richter  gives,  therefore,  as  far  aa  the  ana- 
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IjtMid  WiiBf  of  bit  time  ftgwkia^  a  tebJe  «C 
the  idatiTe  wei^u  of  what  has  fince  been 
hypotbetically  called  the  atomt. 
^ut  two  chemical  oonstitue&ts 


auantly 

unite  in  different  proportions,  fanning  aisdoct 
«Dd  often  dissimilar  oompounds.    Thus,  oxy- 
gen and  azote  constitute  in  one  proportion, 
nitrous  oxide,  the  intoxicating  gas  of  Sir  H* 
]>avy;  in  a  second  pn^KNtion,  nitiic  oxide, 
the  nitnms  gas  of  Fiiesdey ;  in  a  Uiird  pro- 
portion, nitrous  acid;  and  m  a  fourth  pro^ 
portion,  nitric  acid.   Is  there  snj  law  regulat- 
ing these  varioMS  compounds  $  so  that  knowing 
the  £cat  proportioa,  we  may  info  the  whole 
■eiies  ?  Tnis  question  wss  first  considered  in 
a  work  containing  many  curious  diough  vsgue 
■nticipatioDS  of  discoveries;    I  mean    Mr. 
Higgms's  Comparatiye  View  of  the  Phlogistic 
and  Antipblogtstic  Theory,  printed  in  17B6, 
and  pubushed  early  in  1789.    Besides  some 
additional  facta,  decisively  hostile  to  the  hypo- 
thesis of  phlogiston,  this  publication  indicates 
the  doctrine  of  multiple  proportion,  with  re- 
gard to  the  successiye  compounds  of  the  same 
ooQstituents.    This  was  likewise  interwoven 
with  somewhat  fantastical  views  conoeming 
gparffnB  and  atomical  combination.  Mr,  Hig- 
«n8  published,  in  1814,  a  book,  entitled, 
Experiments  and  Observations  on  the  Atomic 
Theory  and  Electrical  Phenomena.    In  this 
work  he  gives  numerous  quotations  frai  his 
Comparative  Vkw^  in  order  to  establish  his 
daun  of  priori^  to  the  discovery  of  multiple 
proportiona,  and  the  atomic  theory  of  che- 
mistry.   We  have  reason  to  be  surprised  at 
hia  rejection  of  numy  errors  then  sanctioned 
by  14gh  authority,  and  his  promulgation  ci 
many  new  truths,  which  might  appear,  to 
contemporary  writers,  insulated,  or  of  little 
consequence,  but  to  which  sttbseouent  le- 
aeardies  have  given  a  due  place  and  unport- 
ance  in  the  system  of  chemical  knowledge.    I 
shall  quote  a  few  passages,  as  he  givss  them, 
fiom  bis  Comparative  View. 

^  Hepatic  gas  (sulphuretted  hydrogen),  as 
dall  be  shown,  is  hydrogep  in  its  full  extent, 
holding  su^hur  in  solution."  This  fact,  of 
hydzo^  not  changing  its  volume  by  com* 
bining  with  sulphur,  bias  been  marked  among 
the  discoveries  of  later  times. 

^^  Therefore,  100  grains  of  sulphur  require 
only  100  or  102  of  Uie  dry  gravitating  matter 
of  oxygen  gas,  to  form  sidpnurous  a^  As 
sulphurous  acid  gas  is  very  little  more  than 
double  the  npedfic  gravity  of  oacygen  gas,  we 
may  conclude,  that  the  ultimate  particles  of 
sulphur  and  o|(ygen  contain  the  same  quantity 
of  matter ;  for  oxygen  gas  sufiers  no  consider«- 
abk  diminution  oif  iu  bulk,  by  uniting  to  the 
qoaatity  of  sulphur  necessary  for  the  form- 
iitioo  of  sulphurous  acid.  Itcontssctsl-llth, 
as  diall  be  shown  hereafter.*'  Sir  H.  Davy 
bss  since  proved,  by  accurate  experiments^  that 
hydrogen,  in  its  conversion  into  sulphuretted 
hydrogen,  does  not  change  its  bulk,  agreeably 
to  Ur.  Higginb*8  early  enunciation. 


The  fleMciitaiy  piciKWilien  Df  Mr.  JlattflQ% 
atomical  hypothesis,  seems  to  be  Mmounsed  in 
the  following  pacagiBiBh  of  Mr.  H%ginf. 

*' As  two  cubic  indiss  of  hydrogen  gas  re- 

2uire  but  one  cubic  inch  of  oxygen  gai  to  oo&. 
ense  them  to  water,  we  may  presume  duit 
they  contain  an  equal  number  of  diviaioQa, 
and  that  the  difference  of  the  apeiific  gravity 
Qf  those  gases  depends  on  the  siae  of  their  re- 
spective  particles ;  or  we  may  suppose,  thnt 
im  ultimate  particle  of  hydrogen  requires  two 
or  three  or  mere  partkOes  of  oxygen  to  saturate 
it.  Were  tins  the  case,  water,  or  its  consti- 
tuents, might  be  obtained  in  an  intermediate 
state  of  combination,  like  those  of  sulphur  and 
oxygen,  or  asote  and  oxygen,  Ac  This  ^- 
pears  to  be  impossible;  for  in  whatever  pro- 
portion  we  mix  hydrogen  or  oxygen  gases,  or 
under  whatever  circumstances  we  unite  dism, 
the  result  is  invariably  the  same.  Water  is 
fbrmed,  and  the  surplus  of  either  of  the  gsaea 
is  left  behind  unchanged."—^*  From  these  dr- 
oumstances  we  have  suffldeot  reason  to  con- 
clude, that  water  is  composed  of  a  sbigle  ulti- 
mate particle  of  oxygen,  and  an  ultimate  par- 
ticle of  hvdrogen,  and  that  its  atoms  are  in- 
capable of  uniting  to  a  third  partide  of  either 
ef  itsconstiments.'* 

Hr.  Higgins  inculcates  very  strongly,  that 
irhen  a  body  is  capable  of  eombinuig  with 
another  in  two  proportions,  the  third  particle 
introduced  is  hdd  by  a  much  weaker  affinity 
than  that  which  unites  the  particles  of  the  fiat 
or  true  binary  compound. 

«( In  my  ophiion,  the  most  perfect  nitroui 
add  contains  5  of  oxygen  and  1  of  awte. 
Nitrous  gas,  aocwding  to  Khrwan,  contains 
2  volumes  of  oxygen  g8s,.and  1  of  asotic  gsa. 
According  to  Lavoisier,  100  grains  of  nitrons 
gas  contam  32  grains  of  azote,  and  68  of  ooiy- 
gen.  I  am  of  the  former  philosopher's  pi- 
nion. I  slao  am  of  opinion  that  every  pri* 
mary  partide  of  axote  is  united  to  2  of  oxygeo, 
and  that  the  moleoile  thus  formed  is  sur- 
rounded with  one  common  ataiosphere  ef 
caloric 

*^  As  this  requires  demonstratkm,  let  A  in 
the  annexed  diagram  represent  an  ultimate 
particle  ci  aaote,  which  attracts  <aygen  with 
the  force  of  3; 

.3  6  3. 


Let  a  be  a  particle  of  oxygen,  whose  attiao- 
tion  to  A  we  will  suppose  to  be  three  mere  ; 
hence  they  will  unite  with  the  force  of  6:  the 
nature  of  this  compound  will  be  hereafter  ex- 
j>lained.  Let  us  consider  this  to  be  theutmost 
force  of  attraction  that  can  sabsist  between 
iaygen  and  azote.    We  will  now  suppose  a 


they  will  only  unite  with  the  force  of  4^.** 
^^  This  I  consider  to  be  the  real  stxucturem  a 
molecule  of  nitrous  gast  Let  a  third  partide  af 
oxygen  c  unite  to  A,  it  wiU  combine  only  with 
.the  force  of  4.  This  is  the  sUte  of  the  red 
molecules  of  nitsous  vapour,  or  when  con- 
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denMd,  the  red  Ditroot  acid."  '*  We  will 
fuppose  a  fourth  partide  of  oxygen  d  to  com- 
bine with  A  ;  it  will  unite  with  the  force  of 
3f ,  and  so  on  with  the  rest  of  the  partidee  of 
oxygen  as  the  diagram  represents.  This  I 
c<mdder  to  be  the  state  of  a  molecule  of  the 
pale  or  straw-coloured  nitrous  add. 

'^  M'hen  a  fifth  partide  of  oxygen  e  unites, 
the  force  of  union  existing  between  the  parti- 
cles of  the  molecule  is  still  diminished,  as  is 
represented  by  the  diagram.     The  fractions 
show  that  the  chemical  attraction  of  azote  for 
oxygen  is  nearly  exhausted.   This  is  the  state 
of  colourless  nitrous  add ;  and  in  my  opinion, 
no  more  oxygen  can  unite  to  the  azote,  having 
its  whole  force  of  attraction  expended  in  the 
partides  a,  h,  c,  <2,  e.     This  illustrates  the 
nature  of  saturation  or  definite  proportions.*' 
.  **  We  can  readily  percdve  from  the  fore- 
going demonstrations,  that  oxygen  is  retained 
with  less  force  in  the  colourless  nitrous  add 
than  in   the  straw-coloured;    and  the  latter 
add  retains  it  with  less  force  than   the  red 
nitrous  acid ;  and  nitrous  gas  holds  it  with 
stUl  more   force  than  the  red  nitrous  add. 
This  accounts  for  the  separation  of  oxygen 
gas  from  the  colourless  nitrous  add  (nitric 
add)  when  exposed  to  the  sun,  at  the  same 
time  that  the  acid  becomes  coloured.    Kitrous 
acid  in  any  other  state  will  afl^rd  no  oxygen 
when  exposed  to  the  sun." 

"  Why  the  gaseous  oxide  should  be  more 
soluble  in  water  than  the  nitrous  gas  is  what 
I  cannot  account  for,  unless  it  be  occasioned 
by  the  smaller  size  of  its  calorific  atmospheres, 
which  may  admit  its  atoms  to  come  within 
the  gravitating  inftuenoe  of  tliat  fluid" 
•  It  is  impossible  to  deny  the  praise  of  inge- 
nuity  to  the  abova  passages ;  and  every  one 
must  be  struck  with  their  analogy,  both  as  to 
atomical  doctrines  and  the  calorific  atmospheres 
of  gases,  single  and'  compound,  with  the  Ian- 
guage  and  views  expanded  at  full  length  in 
Mr.  Dalton's  New  System  of  Chemical  Phllo- 
sophy,  first  framed  about  the  year  1803,  and 
published  in  1808.  It  appears  that  this  philo- 
sopher, afrer  meditating  on  the  definite  pro- 
portions in  which  oxygen  was  shown  by  M. 
Proust  to  exist  in  Lhe  two  oxides  of  the  same 
metal,  on  the  successive  combinations  of  oxy- 
gen and  azote,  and  the  proportions  of  various 
other  chemical  compounds,  was  finally  led  to 
conclude,  that  the  uniformity  which  obtains 
in  oorspucular  combinations,  results  from  the 
drcumstance,  that  they  consist  of  one  atom  of 
the  one  constituent,  united  generally  with  one 
atom  of  the  other,  or  with  two  or  three  atoms. 
And  he  further  inferred,  that  the  relative 
weights  of  these  urimate  atoms  might  be  as- 
certained  from  the  proportion  of  the  two  con- 
stituents in  a  neutral  compoimd. 

Chemistry  is  unquestionably  under  the 
greatest  obligations  to  Mr.  Dalton,  for  the 
pains  with  which  he  collated  the  various  ana« 
lysos  of  chemical  bodies  by  different  investiga. 
tors ;  and  for  establishing,  in  opposition  to  the 


doctrine  of  iodeft^le  affinity  taug^  by  9 
dioQet,  that  the  different  oompounds  of  ^ 
same  prindples  did  not  pass  into  eadi  otl 
by  imperceptible  gradatkma,  but  pnoeeded, 
per  talium^  in  auooeasiTe  proportioDs,  cadi  s 
multiple  of  the  first.  Mr.  DalUm  has  ^mm 
been  no  mean  oontributor  to  the  adTaaoemeiit 
of  the  science.  It  is  difficult  to  say  howfiv  him 
figured  groups  of  spherical  aftoms  have  been 
boiefidal  or  not.  They  may  have  had  loiDe 
nse  in  aiding  the  conception  of  leanien,  and 
perhaps  in  giving  a  novel  and  imposing  air  to 
the  atomical  fabric  But  their  anangement, 
and  even  their  existence,  are  altogether  hypo- 
thetical, and  therefore  ought  to  have  no  piiaee 
in  physical  demonstrations. 

That  water  is  a  compound  of  an  atom  of 
oxygen  and  an  atom  of  hydrogen,  ia  aasiaued 
by  Mr.  Dalton  as  ^e  basis  of  his  syatem. 
But  two  volumes  of  hydrogen  hete  combine 
with  one  of  oxygen.  He  therefore  infeia,  that 
an  atom  of  hydrogen  occupies  doable  the  bulk, 
in  its  gaseous  state,  of  an  atom  of  oxygen. 
These  assumptions  are  obviously  gratnitooa. 

1  agree  with  Dr.  Prout  in  thinkine  that  Sir  H. 
Davy  has  taken  a  more  phiksopnical  viev  of 
this  subject.  Guided  by  the  strict  logic  of  cl». 
mlstry,  he  places  no  hypothesis  at  the  foooda- 
tion  of  his  fabric 

Experiment  shows,  1st,  That  in  equal  to- 
lumes  oxygen  weighs  16  times  more  than  hy- 
drogen ;  and  2dly,  That  water  is  foraoed  by 
the  union  of  one  yolume  of  the  fonner,  and 
two  volumes  of  the  latter  gas,  or  by  weight  of 
8  to  1.  We  are  not  in  the  least  authoriaed  to 
infer  from  this,  that  an  atom  of  oxygen  weighs 
8  times  as  mudi  as  an  atom  of  hydrogen.  For 
aught  we  know,  water  may  be  a  compound  of 

2  atoms  of  hydrogen,  and  1  of  oxygen ;  in 
which  case  we  should  have  the  proportion  of 
the  weights  of  the  atoms,  atsAvta  by  equal  1*0- 
lumes,  namdy,  1  to  16L  There  is  no  good 
reason  for  fixing  on  one  compound  of  hydrogen, 
more  than  on  another,  in  the  determination  of 
the  basis  of  the  equivalent  scale  If  we  ddi- 
berate  on  that  combination  of  hydrogen  in 
which  its  agency  is  apparently  most  energetic, 
namdy,  that  with  chlorine,  we  would  sardy 
never  think  of  pitching  on  two  volumes  as  its 
itnity  or  least  proportion  of  combinadon ;  for 
it  is  one  volume  of  hydrogen  which  unites  with 
one  volume  of  chlorine,  producing  two  voltunes 
of  muriatic  gas.  Here,  therefore,  we  see  that 
one  volume  of  hydrogen  is  quite  adequate  to 
effect,  in  an  active  gaseous  body  of  equal  balk 
and  36  times  its  weight,  an  entire  diaage  of 
properties.  Should  we  assume  in  gaaeous  che- 
roistry,  2  volumes  of  hydrogen  as  thecombin. 
ing  unit,  or  as  representing  an  atom  ;  tlien  it 
should  never  unite  in  3  vdumes,  or  an  atom 
and  a  half  with  another  gas.  Ammonia,  how- 
ever, is  a  compound  of  3  volumes  of  hydrogqi 
with  1  of  azote;  and  if  two  volumes  of  hydro- 
gen to  1  of  oxygen  becalled  an  atom  to  an  atom, 
surdy  3  volumes  of  liydrogen  to  1  of  azote 
shonld  be  called  an  atom  and  a  half  Co  an 
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l^«l  die  BaltoDiu  C^mmaitator,  on 
weoifid  oecanon,  counts  one  folnme  m 
of  hydrogen,  and  on  the  first,  two 
»n  atom. 
We  would  steer  elear  of  all  these  gratnitoos 
sMKumptions  and  oontiadictions,  by  making  a 
■ia^  vohune  of  hydrogen  represent  its  atom, 
or  prime  eqnlTalent    **  There  is  an  advan- 
-tBge,*'  says  Dr.  Prout,  ^in  considering  the 
'vohtme  of  hydrogen  equal  to  the  atom,  as,  in 
tliia  case,  the  spwific  grsTities  of  most,  or  per. 
•liapa  all  dementary  substances,  (hydrogen  be- 
In^  oneX  will  either  exactly  cmndde  with,  or 
be  some  multiple  of  die  weights  of  tbefar  atoms ; 
wfaereaa,  if  we  make  the  volume  of  ozyg^ 
unity,  the  wdgfats  of  the  atoms  of  most  de- 
mcntaiy  substances,  except  oxygen,  will  be 
'donUe  that  of  their  specific  gravities,  with 
xcapeet  to  hydrogen.     Tfa«  assumption  of  the 
voldnae  of  hydr^en  being  equal  to  the  atom, 
wQl  also  enable  us  to  find  more  readily  the 
speeffic  gravities  of  bodies  in  dieir  gaseous 
atate,  (eidier  with  respect  to  hydrosen  or  at- 
mospheric air),  by  means  of  Dr.  Wollaston's 
logometric  scale. 

**  If  the  views  we  have  ventured  to  advance 
'  be  €0rrect,we  may  almost  consider  the  irfwrri  Sh.ii 
of  the  ancients  to  be  lealized  in  hydrogen :  an 


object  of  the  atomic  theory  has  been  no  where 
so  happily  stated  as  by  diis  philosopher,  in 
the  following  sentence : — 

**  But,  since  the  publication  of  Mr.  Dal- 
ton*8  theory  of  chemical  combination,  as  ex- 
plained and  illustrated  by  Dr.  Thomson, 
(System,  3d  edit.)  the  inquiiy  which  I  had 
designed  appears  superfluous,  as  all  the  fiicts 
I  had  obsoved  are  but  particular  instances  of 
the  more  general  observation  of  Af  r.  Dalton, 
that  in  aU  cases  the  simple  elements  of  bodies 
are  disposed  to  unite  atom  to  atom  singly, 
or  if  either  is  in  excess,  it  exceeds  by  a  ratio 
to  be  expressed  by  some  simple.  muUiple  of 
the  number  of  its  atoms.*' 

It  is  evident  from  this  passage,  that  the 
principle  which  presented  itielf  to  Mr.  Ddton, 
on  a  review  of  the  labours  of  other  chemists, 
had  really  occurred  to. Dr.  Wollaston  from 
his  own,  and  that  he  would  unquestionably 
have  been  speedily  led  to  its.  full  devebp- 
ment. 

Dr.  Wollaston,  in  the  above  decisif  e  paper, 
demonstrates,  that  in  the  sub-caibonate  and 
crystallized  carbonate  of  potash,  the  relation 
of  the  carbonic  acid  to  the  base,  in  t^e  first,  is 
exactly  one-half  of  what  it  is  in  the  second. 
The  same  law  is  shown  to  hold  with  regard 
opinion,  by  the  by,  not  altogether  new.   If  we    to  the  two  carbonates  of  soda,  and  the  two 


aetttally  consider  this  to  be  the  case,  and  fur- 
tfaer  consider  the  spedQc  gravities  of  bodies,  In 
their  gaseous  state,  to  represent  the  number  of 
volumes  condensed  into  one ;  or  in  other  words, 
the  mxmber  oi  the  absolute  weight  of  a  single 
volimie  of  the  first  matter  {trptmii  SXn)  which 
•they  contain,  wlddi  is  extremely  probable; 
nmldplea  in  weight  must  always  indicate  mul. 
tipla  in  volume,  and  vice  vena  ;  and  the  spe- 
cific gmvities  or  absolute  weights  of  all  bodies 
in  a  oaseous  state,  must  be  multiples  of  the 
«peeific  gravity,  or  absolute  weight,  of  the  first 
noAtter,  («pMti)  <Ja.ti),  because  ul  bodies  in  a 
gaseous  state,  whidi  unite  witli  one  another, 
unite  with  reference  to  their  volume** 

From  these  ingenious  observations,  we  per- 
ceive the  felicity  of  judgment  widi  which 
Sir  H.  Davy  nude  choice  of  the  shigle  vo- 
lume of  hydrogen,  fbr  the  unit  of  primary 
combinatiai,  in  his  Elements  of  Cnemiad 
Philosophy. 

Mr.  Dalton*s  prelections  on  the  atomic 
theory,  smd  even  the  first  volume  of  his  New 
-System  of  Chemical  Philosophy,  exdted  no 
sensation  in  the  chemical  world  adequate  to 
thdr  merits.  That  part  of  his  system  which 
treated  on  oalorie  was  blended  with  so  much 
mere  hypothesis,  that  chemists  transferred  a 
portion  cS  the  scepticism  thus  created  to  his 
collation  of  primary  and  multiple  combina- 
tions. It  was  Dr.  Wollaston  who  first  de- 
eUM  public  opfauon  in  favour  of  the  doctrine 
of  multiple  piopordons,  by  his  degant  paper 
on  super-add  and  sub-add  salts,  inseTted  in 
die  Phikeophieal  Transactions  for  1808.   The 


sulphates  of  potash ;  and  being  applied'  to  his 
experiments  on  the  compounds  of  potash  and 
oxalic  add,  leads  him  to  condude  that  the 
neutral  oxalate  may  be  considered  as  consist- 
ing  of  2  particles  of  potash  to  1  add ;  thebinox- 
olate  as  1  and  1,  or  2  potash  with  2  add ;  the 
quadroxalate  as  1  and  2,  or  2  potash  with  4 
acid. 

We  cannot  withhold  from  our  readers  the 
following  masterly  observations,  which  must 
make  every  one  r^ret  that  the  full  develop- 
ment of  the  atomic  dieoxy  had  not  faQen  withm 
the  scope  of  his  researches. 

*^  But  an  explanation  wfaids  admits  a  don- 
ble  share  of  potash  in  the  neutral  salts  (the 
oxalates),  is  not  altogether  satisfactory ;  and  I 
am  farther  inclined  to  think  that,  when  our 
views  are  sufHdendy  extended  to  enable  us  to 
reason  with  precision  concerning  the  propor- 
tions of  dementary  atoms,  we  shall  find  the 
arithmetical  rdation  alone  wiH  not  be  sufiident 
to  explain  thdr  mutual  action,  and. that  we 
shall  be  obliged  to  acquire  a  geometrical  con- 
ception of  thdr  rdative  arrangement,  in  aU 
the  three  dimensions  of  solid  extension. 

^*  For  instance,  suppose  the  limit  to  the 
approach  of  partides  to  be  the  same  in  all  • 
diractions,  and  hence  thdr  virtual  extent  to  be 
spherical  (which  is  the  most  simple  hypotbe* 
sb)  ;  in  this  case,  when  different  sorts  com- 
bine singly,  there  is  but  one  mode  of  union. 
If  they  unite  in  the  proportion  of  two  to  one, 
the  two  partides  will  naturally  arrange  them- 
sdves  at  opponte  polcM  of  that  to  which  they 
unite.    If  they  be  three,  they  might  be  ar- 
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xnefd  with  JtgtMij  at  the  aa^  of  4iii 
fqii&atenl  triangle,  in  agraat  dxcle  fuiroiuid- 
ing  the  single  spherule ;  but  In  this  amuws- 
UMDt,  fer  want  of  shnilar  matter  at  the  poles 
«f  tUis  circle,  the  equilibriam  would  be  un- 
•CaUe,  and  would  be  liable  to  be  denoged  b^ 
the  slightett  iarct  af  adjacent  oombinatiooa; 
hut  wtto  the  number  of  one  set  of  particles 
exceeds  in  the  prooortion  «f  4  to  1,  (beot  en 
the  contzary,  a  staole  equilibrium  may  again 
take  plaee,  if  the  four  putides  are  situatd  at 
the  angles  of  the  fbur  equilateral  triangles 
composng  a  regular  tetzahedmn. 

**  But  as  this  geometrical  ansQgement  of 
die  primary  dements  of  matter  is  altogether 
amjeotnral,  and  must  rely  iot  its  confirmation 
or  fcjectinn  nnen  fmture  inquiry,  I  am  deu- 
lous  that  it  should  not  he  confounded  with 
the  results  of  ihe  £wts  and  observations  related 
above,  which  are  sufficiently  distinct  and  sa- 
tisfiiaory  with  respect  to  the  eadstenoe  of  the 
law  of  simple  multiples.  It  is  perhaps  too 
jnnch  to  hope,  that  the  geometrical  anange- 
ment  of  primaiy  particles  will  ever  be  perfecdy 
Imown;  since,  even  admitting  that  a  veiy  small 
number,  of  these  atcans  combining  together, 
would  bkve  a  tendency  to  anrange  themselves 
in  the  Aianner  i  have  imagined;  yet,  until  it 
is  ascertained  how  small  a  proportion  the  pri. 
mary  jMrtides  themselves  bear  to  the  interval 
between  them,  ti  may  be  aupposed  that  sur- 
iDundiog  CDmbinatinns,  although  themselves 
analogous,  plight  disturb  this  arrangement; 
and  in  tfaatcase,  the  effect  of  sudi  intmcreoce 
must  also  be  taken  into  the  account,  before  any 
theory  af  chemical  combinalioa  can  be  rendered 
complete.*' 

I  am  noftaware  that  any  chemist  has  adduced 
experimental  evidence,  to  move  that  a  ^^  staUe 
equilibrium  may  again  tsjce  place,  if  the  four 
particles  are  situated  at  the  angles  of  the  four 
equilateral  triangles  composing  a  n^gular  tetm- 
hodroD.*'  I  have,  therefore,  much  pleasure  in 
referring  to  my  researches  on  the  ooostitutioo  of 
liquid  nitric  acid,  as  unfolding  a  striking  con- 
firmalion  of  Dr.  WoUaston's  true  philosophy 
of  atomical  combiuation.  When  I  wrote  ihs 
ftUowing  sentence,  I  had  no  recollection  what- 
ever of  Dr.  M^oUaston's  profound  speculations 
on  tctrahedral  arrangement.^*^  We  perceive, 
that  the  liquid  add  of  1.420,  composed  of  4 
primes  of  water  -f  1  of  dry  add,  possesses  the 
greatest  power  of  resitting  the  influence  of  tem- 
perature to  change  its  state.  It  requires  the 
mojfinmm  heat  to  boil  it,  when  it  distils 
unchanged ;  and  the  maximum  cold  to  effect 
ita  oon^hUion.**  See  Acio  (Nitbic),  in  this 
Bidionary. 

Here  we  liave  a  fine  example  of  the  stabi- 
lity of  equilibrium,  introduced  by  the  combina- 
tion of  four  atoms  with  one.  The  discovery 
which  J  had  also  the  good  fbrtuoe  to  make 
with  regard  to  the  oonstitutkm  of  aqueous  sul- 
phuric acid,  that  the  maximum  condensation 


oceaned  mbmmptn^tm  efthemri  maid  mm 
combined  with  diiee  atoms  of  water,  k  eqndU 
ly  consonant  to  J^.  WoUaston's  viewm.  '*  Buc 
m  this  arrangement,'*  says  De.  WoUaslo^ 
**  for  want  of  similar  Ine^er  ai  the  polei  of 
this  Qiide,  the  •qnitihrinn  would  be  inttaVlf 
and  would  he  hable  to  be  deranged  by  the 
slightest  force  of  adjacent  wrnibinatton*' 
Craipaie  with  this  remark,  the  foUowiog  sen- 
tence from  my  paper  on  sulphuric  acid,  as  pub- 
lished in  the  JounuJ  of  Sdcnce,  Oct.  IBl?.— 
'*  The  terms  of  dilution  eat,  like  *«crTf***^^ 
a  series  of  numbers  in  arithmetical  progeeasion, 
caerespooding  to  another  eeriesi  nemeiy,  the 
spedfic  gravities,  iu  geometrical  pnqgnasioa 
For  a  little  distance  on  both  sidsaof  the  pomt 
of  greatest  condensation,  the  aeries  oeoveigiM 
wiUk  accelerated  velodty,  whence  the  lOer  IS 
terms  on  either  hand  deviate  a  little  fiom  ex- 
periment" Pageiafi.  Orinotherworda,^ 
small  addition  of  water  er  of  add  to  the  ^hs^ 
atomic  group,  producee  agrvel  change  on  the 
degree  of  condensation;  which  aeoocda  with 
the  podtion  **  that  the  equilibrium  would  be 
liable  to  be  deransed  by  the  slightest  fone  of 
acUaceot  ccmbinations.** 

While  oonsideriDg  this  partof  Dr.  WoUas- 
ton's  important  paper,  let  me  advert  to  tike 
curious  £ftcts  pointed  out  in  the  article  NiTnic 
Acid,  relative  to  the  confound  of  one  atom 
of  dry  add  and  seven  atooia  water.  In  mv 
paper  on  the  subject,  publiMhed  in  the  eighth 
number  of  the  Journal  of  Science,  I  showed 
that  this  liquid  combination  was  aoeon^anied 
with  the  greatest  condensation  of  vehime,  and 
the  greatest  disengagement  of  heat.  In  com- 
posing this  Dictienaiy,  I  calculated,  fior  the 
first  time,  the  atomical  constitution  of  the 
nitric  adds  empkqred  bv  Air.  Caiaidish  for 
congelation;  and  found  with  g^eet  sarisfao- 
rion,  that  the  same  proportion  which  had  ex- 
hibited, in  my  expenmeats,  the  roost  iotenee 
sedprocal  action,  as  was  indicated  both  by 
the  aggregation  of  particles  and  production  of 
heat,  was  lUtewise  that  which  most  &vonred 
sblidificetion.  Such  add  eoQgeals  at  —2^; 
but  when  either  stronger  or  weuer,  it  requires 
a  much  lower  temperamre  for  that  eflfect 

3.  The  next  capital  diRcovery  in  multiple 
uroportions  was  made  by  M.  G^  Lussac,  in 
1R08,  and  published  by  him  in  the  second 
volume  of  the  Memo'ures  tPArateiL  AJka 
detailing  a  series  of  fine  experiments,  he  de- 
duces the  following  important  inferences:— 
^*'  Thus  it  evidently  spears,  that  all  g»ses» 
in  their  mutual  action,  unifoiiaaly  comhine  in 
the  moat  domle  proportions;  and  we  have 
seen,  in  fact,  in  all  the  preeeding  fTamplfi, 
that  the  ratio  of  thdr  union  is  that  of  1  to  I, 
oflto2,orofl(^3,by  volume*  It  is  im- 
portant to  observe,  that  when  we  consider  the 
weights,  there  is  no  simple  and  definite  relation 
betwcep  the  dements  of  a  first  combination ;  it 
is  only  when  there  is  a  second  between  these 
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that  the  new  vrapoEtifln  4tf 
that  bodj^whidi  has  heen  added  ia  a  multiple 
of  the  fint.  OaMSf  on  the  cootzi^,  in  such 
praportiooa  aa  can  combine,  give  rise  always 
to  cmattpounAs,  whose  dements  aie  io  voliune, 
moltiplM  the  one  of  the  other. 

^^  Not  only  do  the  gases  combine  la  wf 
simple  piopoirtioiis,  as  we  hare  just  seen,  but 
SMveoyer,  the  appsxant  eontiactkm  of  vofaime 
wfaidi  they  opericnee  by  combinBtiaD,  has 
likewise  a  ample  relation  with  the  Tohime  of 
the  gaasst  or  lather  with  the  vohime  of  one  cf 
them." 

By  sttpposiag  the  cootiaction  of  Toliuae  of 

the  two  gsseous  oonstitueDts  of  water  to  be 

only  emial  to  the  whole  ▼ohime  of  oxygen 

added,  ne  found  the  ratio  of  the  density  of 

steam  to  be  to  that  of  air  as  10  to  16 ;  a  com- 

puted  resalt  in  exact   corregpoodence  with 

the  experimental  resak  lately  obtained  in  aa 

independent  method  by  the  same  excellent 

philosopher.    *^  Ammontacal  gss  is  composed 

in  volume,*'  says  he,  ^  of  3  paru  of  hydngen 

and  1  of  asote,  and  its  density,  compared  «e 

that  of  air,  is  0.696;  but  if  we  suppose  the 

apparent  contraction  to  be  oneJudf  of  the  total 

volume,  we  find  iK694  for  its  density.    Thus 

it    is  demonstxated    by  this  nearly  perfect 

aceoidance,  that  the  apparent  contraction  of 

its  elements  ia  precisely  one-half  of  the  total 

volume,  or  rather  double  the  volume  of  aaote." 

M.  Gay  Luasac  subjoins  to  his  beautiful  m^ 

moir  a  table  of  gaseous  combination,  i^iich^ 

with  some  modifications  derived  from  subse- 

quent  researches,  wSl  be  inserted  under  the 

artideGAS. 

The  aame  volume  of  the  Memoiret  presents 
another  important  discovery  of  M.  Gay  Lus- 
ssc,  on  the  subject  of  equivalent  proportion& 
It  is  entitled,  On  the  relation  wbicn  exists 
between  the  oxidation  of  metals,  and  their 
capadty  of  saturation  for  the  acids.  He  here 
proves,  i>y  a  seiieB  of  experiments,  that  the 
quantity  of  acid  wkdt^  the  difierent  metallic 
oxides  seqaise  for  saturation,  is  in  the  direct 
ratio  of  the  quanti^  of  oxygen  which  they 
itflpectivdy  contain.  '« I  have  arrived  at  this 
principle,*'  says  be, ''  not  by  the  compsrisoo 
of  the  known  proportions  of  the  metallic  salts, 
which  a»  in  general  too  inexact  to  enable  us 
io  recognize  t&  law,  but  by  observing  the 
mutnd  preripitation  of  the  noetals  from  their 
aolutions  in  adds."  ^ 

When  we  predpitale  a  solution  of  acetate 
of  lead  by  a  plate  of  doc,  there  is  formed  a 
beautiful  vttetation  known  under  the  name  of 
the  tree  qfSuum ;  and  whidi  arises  from  the 
reduction  of  the  lead  by  a  gdvanic  process,  as 
was  first  shown  by  Silvester  and  Grotthus. 
We  obtsin  at  the  same  time  a  solution  of 
aoeute  of  dnc,  equally  neutrd  with  that  of  tbe 
lead,  and  entirely  exempt  from  this  last  metal. 
No  bjrdrogen,  or  almost  none,  is  disengaced 
durins  the  piedpitation ;  which  proves,  that 
the  wbde  oxygen  necessary  to  the  dnc,  for  its 


beooBiing  dissohred  and  aaturatSng  ^the  adi^ 
has  been  furnished  to  it  by  the  lead. 

J£  we  put  into  a  solution  of  sulphate  d 
colter,  slightly  addulous,  bright  iron  turnings 
in  excsss,  the  eoipper  is  slmost  instantly  pro- 
dpitated;  the  temperature  rises,  and  no  gaa 
is  diwngaged.  The  sulphate  of  iron  which 
we  obtan,  is  that  in  whkh  the  oxide  is  at  a 
miniBum,  and  iu  acidity  is  exactly  the  same 
as  that  of  the  sulphate  of  copper  employed. 

We  obtahi  dmilar  results  by  deoompodnff 
the  acetate  of  copper  by  lead,  espedally  witfi 
the  dd  of  heat.  But  since  the  dnc  fvedpi- 
tatas  the  lead  from  its  acetic  solution,  we  may 
ooadude,  that  it  would  also  predpitate  copper 
from  iu  combination  with  the  acetic  aad« 
Experience  is  here  in  perfect  accordanfe  with 
theory. 

We  know  with  what  fadli^  copper  pscd- 
pitates  ailvcr  from  its  nitric  solirtion.  AU 
the  oxygen  which  it  needs  for  its  soiution  is 
frnnidiML  to  it  by  the  oxide  of  silver ;  for  no 
gas  is  disengaged,  and  the  acidity  is  undiang^ 
The  same  thing  happens  with  copper  in  rej^rd 
to  nitrate  of  mercury,  and  to  oobdt  in  r^ard 
to  nitrate  of  silver.  In  these  last  examples,  aa 
in  the  preceding,  the  predpitating  metal  finda^ 
in  the  oxide  of  ihe  metd  which  it  predpitate^ 
all  the  oxygen  which  is  necessary  to  it  for  ita 
oxidizement,  and  for  neiitralidng  to  the  same 
done  tbe  acid  of  the  solution. 

These  incontestable  foets  naturally  conduct 
to  the  prindple  announced  above,  that  the  add 
in  the  metallic  sdts  is  directly  proportiond  to 
the  oxygen  in  their  oxides.  In  the  predpita- 
tion  of  one  metal  by  another,  the  quanti^  of 
oxygen  in  each  oxide  remains  the  same,  and 
consequently  the  laiger  dose  of  oxygea  the 
predpitating  metal  takes,  the  less  metd  wiU  it 
precipitate. 

.M.  Gay  Lucsac  next  prooeeds  to  show,  with* 
regard  to  the  same  mirtds  at  their  different 
stages  of  oxidisement,  that  they  require  of 
add  a  quantity  predsdy  proportional  to  the 
qnaati^  of  oxy^  they  may  coutain ;  «r  that 
toe  add  in  the  raits  is  exactlv  proportiond  to 
the  oxyeen  of  the  oxides.  A  very  important 
result  of  this  kw  is,  the  resdy  means  it  afibrds 
of  determiniiMr  the  proportioos  of  all  the  me. 
tallic  aalts.  The  proportions  of  one  metallic 
salt,  and  tbe  oxidation  of  the  metals  being 
given,  we  may  determine  those  of  all  the  sdts 
of  the  same  genus ;  or  the  proportions  of  acid, 
and  of  oxide,  of  all  the  metallic  sdts,  and  the 
oxidftti^  of  a  single  metd  fodng  given,  we 
can  cakiilate  the  oxidation  of  dl  the  rest 
Since  the  peroxides  require  most  add,  we 
can  easily  understand  how  the  sdts  containing 
them  should  be  in  generd  more  soluble  than 
those  with  the  protoxide. 

AL  Gay  Lussac  condudes  his  memoir  with 
this  observation.  Wlien  we  precipitate  a  me- 
tallic solution,  by  sulphuretted  hydrogen,  either 
alone  or  combined  with  an  dkdine  base,  we 
obtain  a  bulphurct  or  a  metallic  hydrosuU 
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phufet  In  the  fint  caae,  the  hydro^  of  the 
•ulphnietted  hydrogen  oombineB  with  all  the 
oxygen  of  the  oxide,  and  the  salphor  fonns  a 
solphuret  with  the  metal :  in  the  second  caae, 
the  sulphureUed  hydrogen  combines  directly 
with  the  oxide,  without  bemg  decomposed ;  and 
its  proportion  is  such  that  there  is  sufficient 
hydrogen  to  saturate  all  the  oxygen  of  the 
oxide.  The  quantity  of  hydrogen  neutralized, 
or  capable  of  beins  so,  depends  therefbre  on 
the  oxidation  of  me  metal,  as  well  as  the 
quantity  of  the  sulphur  which  can  combine 
with  it.  Of  consequence,  the  same  metal  forms 
as  many  distinct  sulphurets,  as  it  is  susceptible 
of  distinct  stages  of  oxidation  in  its  acid  solu- 
tions.  And  as  these  degrees  of  oxidation  are 
fixed,  we  may  also  obtain  sulphurets,  of  definite 
proportions,  which  we  can  easily  determine, 
according  to  the  quantity  of  oxygen  to  each 
metal,  and  the  proportions  of  sulphuretted 
hydrogen. 

The  next  chemist  who  contributed  essen- 
tially to  the  improvement  of  the  equivalent 
ratios  of  chemicid  bodies,  was  Berzelius.  By 
an  astonishing  number  of  analyses,  executed 
fbr  the  most  part  with  remarlcable  precision, 
he  enabled  chemical  philosophers  to  fix,  witli 
eorretipondins  accuracy,  the  equivalent  ratios 
reduced  to  Uieir  lowest  terms.  He  himself 
took  oxygen  as  the  unit  of  proportion. 

The  results  of  all  this  emulous  cultivation 
were  combined,  and  illustrated  with  original 
Tesearchcs,  by  Sir  H.  Davy,  in  his  Elements 
of  Chemical  Philosophy,  published  in  1812. 

What  peculiarly  chaiactcrites  this  chemical 
work,  is  the  sound  antihypothctical  doctrines 
which  it  inculcates  on  chemical  combination. 
*^  Mr.  Hlggins,**  says  Sir  H.  ^*  has  supposed 
that  water  is  composed  of  one  particle  of  oxy. 
gen  and  one  of  hydrogen,  and  3Ir.  Balton  of 
an  atom  of  each ;  but  in  the  doctrine  of  propor- 
tions derived  from  facts,  it  is  not  necessary  to 
consider  the  combining  bodies,  cither  as  com. 
posed  of  indivisible  particles,  or  even  as  always 
united,  one  and  one,  or  one  and  two,  or  one 
and  three  proportions.  Cases  will  be  hereafter 
pointed  out,  in  which  the  ratios  are  very  dif. 
ferent ;  and  at  present,  as  we  have  no  means 
'whatever  of  judging  either  of  the  relative 
numbers,  figures,  or  weights,  of  those  parti- 
cles of  bodies  which  are  not  in  contact,  our 
numerical  expressions  ought  to  relate  only  to 
the  rcsnlta  of  experiments.*' 

He  conceives  that  the  calculations  will  be 
much  expedited,  and  the  formulae  rendered 
more  simple,  by  considering  the  smallest  pro- 
portion  or  any  combining  body,  namely,  th&t 
of  hydrogen,  as  the  integer.  This  radical 
proportion  of  hydrogen,  is  the  ir^wrij  vKtu  of 
the  ancient  philosophers. 

It  has  been  objected  by  some,  to  our  as- 
suming  hydrogen  as  the  unit,  that  the  num. 
bcnl  rq>rcscnting  the  metals  would  bocome 
iiicom-ctiicntly  large.  But  this  could  never 
bo  urg«l  by  any  person  acquainted  with  the 


theory  of  numbert.  For  in  what  respect  is  ft 
more  convenient  to  reckon  barium  8-75  an  the 
atomic  scale,  or  8.75  x  16  =  140  on  Sir 
H.  Davy*8  scale  of  experiment ;  or  ia  it  my 
advantage  to  name,  with  Dr.  Thomson,  tin 
=  7-375,  or  to  can  it  118,  on  the  pUin  of  the 
English  philosopher?  If  the  combining  ratios 
of  all  bodies  be  multiples  of  hydrogen,  as  is 
probable,  why  not  take  hydrogen  as  the  unit  ? 
1  think  this  question  will  not  be  answered  in 
the  negative,  by  those  who  practise  the  reduc 
tion  of  chemical  proportiona.  The  defenders 
of  the  Daltonian  hjrpothesis,  that  water  consists 
of  one  atom  oxygen  to  one  atom  hydrc^iea, 
may  refer  to  Dr.  WoUaston's  scale,  as  aathority 
for  taking  oxygen  as  the  unit  But  that  ad- 
mirable instrument,  which  has  at  oncesubjected 
thousands  of  chemical  combinations  to  ^l  die 
dispatch  and  precision  of  logomctric  calcula- 
tion,  is  actually  better  adapted  to  the  hrdiDgcn 
unit  than  to  the  oxygen.  For  if  we  slide^own 
the  middle  rulb,  till  10  on  it  stand  opposite  to 
10  hydrogen  on  the  left  side,  every  thing  on 
the  scale  is  given  in  accordance  with  Sir  U. 
Davy*s  system  of  primary  proportions,  and 
M.  Gay  Lussac*s  theory  of  gaseous  ooinbina^ 
tion.  This  valuable  concurrence,  as  is  well 
pointed  out  by  Dt,  Prout,  we  lose,  by  adopting 
the  volume  of  oxygen  as  radir. 

In  the  first  part  of  the  Phil.  Trans,  for 
1814,  appeared  Dr.  Wollaston*s  description  of 
his  scale  of  chemical  equivalents, — an  instru. 
ment  which  has  contributed  more  to  facilitate 
the  general  study  and  practice  of  chemistry 
than  any  other  invention  of  man.  His  paper 
is  further  valuable,  in  presenting  a  saao  of 
numbers  denoting  the  relative  primary  propor. 
tlons,  or  weiglits  of  the  atoms  of  die  principal 
chemical  bodies,  both  simple  and  compound, 
determined  with  idngular  sagacity,  from  a 
general  review  of  the  most  exact  analyses  of 
other  chemists,  as  well  $5  his  own. 

The  list  of  substances  whidi  he  has  esti. 
mated,'are  arranged  on  one  or  other  aide  of  a 
scale  of  numbers,  in  die  order  of  thdr  relative 
weights,  and  at  such  disticnoes  from  each  other, 
according  to  their  heights,  that  the  aeries  of 
numbers  pUced  on  a  sliding  scale  can  at  plea, 
sure  be  moved,  so  that  any  number  expresnttg 
the  weight  of  a  compound,  may  be  brought  to 
correspond  with  the  i^ace  of  that  compound 
in  the  adjacent  column.  The  arrangement 
is  then  such,  that  the  weight  of  any  in. 
gredient  in  its  composition,  of  any  reagent 
to  be  employed,  or  precipitate  that  might 
be  obtained  in  its  analysis,  will  be  fbund  op. 
posite  the  point  at  which  its  respecdve  name 
is  placed. 

If  the  slider  be  drawn  upwards,  tfll  100 
corresponds  to  muriate  of  soda,  the  scale  will 
then  show  how  much  of  each  substance  con- 
tained in  the  table  is  equivalent  to  100  of 
common  salt.  It  shows,  widi  regard  to  the 
different  views  of  diis  salt,  that  it  oontaris 
46.6  dry  muriatic  acid,  and  53.4  of  soda,  or 
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38l8  •odtiUD,  and  13.6  oxygen ;  or  if  viewed 
aa  chloride  of  aodium,  tliat  it  contaioe  4N>.2 
chloriDe,  and  39.8  todiuiiL    With  respect  to 
reagents,  it  may  \»  seen,  that  283  nitrate  of 
lead,  containing  191  of  litharge,  empl<^ed  to 
separate  the  muriatic  add,   would  yield  a 
precipitate  of  237  muriate  of  lead,  and  that 
there  would  then  remain  in  solution  nearly 
146  nitrate  of  soda.    It  may  at  the  same  time 
be  seen,  that  the  acid  in  this  quantity  of  salt 
would  serve  to  make  232  corrosive  suhlimate, 
containing  185.5  red  oxide  of  mercury;   or 
make  91.5  muriate  of  ammonia,  composed  of 
62  muriatic  gas  (or  hydromuriatic  acid),  and 
29.6  ammonia*    The  scale  shows  also,  that 
for  the  purpose  of  ohtaining  the  whole  of  the 
acid  in  distfllation,  the  quantity  of  oil  of  vitriol 
required  is  nearly  84,  and  that  the  residuum 
of  this  distillation  would  be  122  dry  sulphate 
of  soda,  from  which  might  be  obtained,  by 
gystallisarion,   277   of   Glauber  salt,  con^ 
taining  155  water  of  crystallization,    lliese, 
and  many  more  such  answers,  appear  at  once, 
by  bare  inspection,  as  soon  as  the  weight  of 
any  substance  intended  for  examination  is 
madcb  by  motion  of  the  slider,  correctly  to  cor- 
respond with  its  place  in  the  adjacent  column. 
Now,  sorely,  the  accurate  and  immediate  solu. 
tion  of  so  many  important  prsctical  problems, 
is  an  incalculable  beneiit  conferred  on  the 


With  regard  to  the  method  of  laying  down 
the  divisions  of  this  scale,  those  who  are  ac- 
customed to  the  use  of  other  sliding  rules,  and 
are  practically  acquainted  with  their  propertiefi, 
win  recognize  upon  the  slider  itself^  the  com. 
mon  Ounter*s  line  of  numbers  (as  it  is  called), 
and  will  be  satisfied,  that  ths  results  which  it 
gives  are  the  same  that  would  be  obtained  by 
arithmetical  computation. 

Those  who  are  acquainted  with  the  doctrine 
of  ratios,  and  with  the  use  of  logarithms  as 
measures  of  ratios,  will  understand  the  prin- 
cipk  on  which  this  scale  is  founded,  and  will 
not  need  to  be  told,  that  all  the  divisions  are 
logometric;  consequently,  that  the  mechanical 
addition  and  subtraction  of  ratios  here  per- 
formed  by  juxtaposition,  correspond  in  effect  to 
the  multiplication  and  division  of  the  numbers, 
by  which  those  ratios  are  expressed  in  common 
arithmetical  notation. 

In  bis  Essay  on  the  Cause  of  Chemical  Pro- 
portions, Berzelius  proposed  a  system  of  signs, 
to  denote  atomical  combinations,  which  it  may 
be  proper  briefly  to  explain.  This  sign  is  the 
initial  k^ter,  and  by  itself  always  expresses  one 
atom,  volume,  or  prime  of  the  substance. 
When  it  is  necessary  to  indicate  several 
volames  or  primes,  it  is  done  by  prefixing  the 
number;  for  example,  the  cuprous  oxide,  or 
protoxide  of  copper,  is  composed  of  a  prime  of 
oxygen  and  a  prime  of  metal;  its  sign  is 
therefore  C»  -f-  O.  The  cupric  oxide,  or 
deuUndde  of  copper,  is  oqropoeed  of  1  prime 


metal,  and  2  primes  oxygen;  therefore  its 
sign  is  C/(  +  2  O.  In  like  manner  the  sign 
for  sulphuric  acid  a  S  -\-3  O;  for  carbonic 
acid,  C  -f-  2  O ;  for  water,  2  H  +  O,  &c.     ' 

When  we  express  a  compound  prime  of  the 
first  order,  or  binary,  we  throw  away  the  -|-, 
and  place  the  number  of  primes  above  the 
letter,  as  the  index  or  exponent  is  placed  in 
arithmetic  For  example,  Cu  O  -f  ^03  =: 
sulphate  of  copper;  CuO«  -f  2S03  =  hi- 
deutosulphate  of^copper,  or  persulphate.  These 
formuls  nave  this  advantage,  that  if  we  take 
away  the  oxygen,  we  see  at  once  the  ratio 
between  the  radicals.  As  to  the  primes  of  the 
second  order,  or  ternary  compounds,  it  is  but 
rarely  of  any  advantage  to  express  them  by 
formuls,  as  one  prime ;  but  if  we  wish  to 
express  them  in  that  way,  we  may  do  it  by 
using  the  parenthesis,  as  is  done  in  algebraic 
fbrmuLe :  for  example,  according  to  Beraellns, 
alum  is  composed  of  3  primes  of  sulphate  of 
alumina,  and  1  of  sulphate  of  potash.  Its 
symbol  is  3  (Al  0«  -f  2S0')  +  (Po«  -f 
2S03).  The  prime  of  ammonia  is  8HN; 
vi2.  3  primes  nydrogen  +  1  nitrogen.  We 
shall  use  some  of  these  abbreviations  in  our 
table  of  eouivalent  primes,  at  the  article  Salt. 

To  reduce  analytical  *  results,  as  usually 
given  for  100  parts,  to  the  equivalent  prime 
ratios,  or,  in  hypothetical  language,  to  the 
atomic  proportions,  is  now  a  problem  of  per- 
petual recurrence,  with  which  students  are 
perplexed,  as  no  rule  has  been  given  for  its 
ready  solution.  Though  numerous  examples 
of  its  solation  occur  in  this  Dictionary,  we 
shall  here  explain  it  in  detail. 

As  in  all  reasoning  we  must  proceed  from 
what  is  known  or  determinate,  to  what  is 
unknown  or  indeterminate,  so,  in  every  ana. 
lysis,  there  roust  be  one  ingredient  whose 
prime  equivalent  is  well  asceruined.  This  is 
employed  as  the  common  measure,  and  the 
proportions  of  the  rest  are  compared  to  it  Let 
us  take,  for  uistance,  Sir  H.  X)avy*8  analysis 
of  fluate  of  lime,  to  determine  the  unknown 
number  that  should  denote  the  prime  of  fluoric 
>acid.  We  know,  first  of  aU,  that  two  primes 
of  oxygen  =  2,  combine  with  1  of  carbon  = 
0.75,  to  form  the  compound  prime  2-75  of 
carbonic  acid.  We  likewise  know  that  carbo- 
nate of  Ume  consista  of  44  carbonic  add  -(- 
56  lime.  We  therefore  make  this  proportion 
to  determine  the  prime  equival&it  of  lime. 

1.  44  :  56 :  :  2  75  :  3.5  ==  prime  of  lime. 

2.  We  know  that  100  parts  of  dry  sulphate 
of  lime,  consist  of  41*2  Irnie  and  58.8  acid. 
Hence,  to  find  the  prime  of  sulphuric  acid, 
we  make  this  propoition : 

41.2 :  58.8 : :  3.5  :  5  =  prime  of  sulphuric 
acid. 

V  3.  Sir  H.  Davy  obtabed  from  100  grains 
of  filuor  spar  in  powder,  acted  on  with  repeated 
quantities  of  sulphuric  acid,  and  i^ited, 
1 75.2  gndns  of  sulphate  of  lime;    Now,  smce 


EQU 


480 


ECU 


MO  gnuBt  ci  waUfbaif  of  lime  omteia,  as 
above,  41.2  of  lime,  we  have  tiiis  propofldm: 
100  :  41.2  :  t  17&2 :  72-18  =  lime,  coc- 
napoDding  to  17$.2  gcaiiia  of  aalphata,  an4 
iHuch  pievioMly  ezialed  Id  the  100  gr.  of 
flaor  apar.  If  from  100  we  aubtract  72-10| 
tbe  diAraoe  27.02  ia  the  fluoric  acid,  or  the 
other  ingredient  of  the  fluor,  which  aaturatad 
the  lime.    Now  to  find  ita  piime  equivaloit, 

79.18 : 3.560 : :  27-82 :  1.340  =  the  prime 
Oi  atom  of  fluoric  add  ftom  Sir  H.  Davy*a 
aantrimait ;  or  in  nNind  numben  =  1.35. 

We  ahoU  ghro  aoodier  exanpU,  derived 
from  a  more  complex  aubject. 

M.  Vau<|iidui  found,  that  33  parts  of  linwy 
aatqpated  with  aocbic  acid,  and  carefully  dried, 
waifl^  100  gnina.  Hence  the  diflference^ 
67  fptixmy  was  adiL  To  find  its  e(|aivaleiU 
prime,  we  aaj. 

As  S3  :  67  ;  I  3.5  =  the  prima  of  lima 
s  7.1  =:  the  prime  of  the  acia.  But  as  ha 
faioug^  it  to  ahsolute  ntvtndity  by  a  small 


postiMi  of  potash,  wo  ma^  lake  7-9  flnr  ^ 
pzbiKe* 

M.  VauqoelSn  sohjected  the  add,  ba  s 
causts  in  the  dry  aorbatas  of  lead  and  eappBC, 
to  igneous  analyais ;  and  obtained  die  fbOonii^ 
vesultsx 

HydfogBOy     ltL8 

Carbon,  283 

Oxygen,        549 

100.0 

Now  we  most  find  each  an  ssii  inliliy  of 
the  primes  or  atoma  of  these  rfcmrnt^  aa  wffi 
Ibrm  a  sum-total  of  7.5;  and  at  tfaa  aiaa 
time  be  to  each  other  in  the  above  piapartaosik 
The  following  very  simple  rale  wiU  give  s 
ready  approximation;  and  wtlh  a  «■■»»■■■* 
eliding  scale  it  may  be  worked  by  inapeciion- 

Multiply  each  proportion  per  oenft.  by  the 
compound  prime,  and  compare  tht  pradnds 
with  the  multipleaof  the  oonstitiMnt  paiaBeB. 
You  can  then  estkoato  die  nnnba  of  eadh 
prime  xefabite  to  compose  tbe  wholsb    Tha^ 


0.168  X  7*5  =  1.2600  or  10  hydrogen  =  1.25 
0.283  X  7-5  =  2.1225  9  carii>on  =  2.25 
0.549  X  7.5  =  4.1175         4  oxygen     =:  4.00 


Theory. 
16.7 
30.0 
53.3 


1&8 
28.3 
54.9 


The  diifirences  between  these  theoretical 
and  ezperimental  proponions,  are  probably 
wWiin  the  limits  of  toe  errors  of  the  latter, 
in  the  present  state  of  analysis. 

I^  on  Dr.  Wollaston*s  scale,  we  mark  with 
a  type  or  a  pen,  2h,  3h,  Slc-  up  to  lOh ;  2c, 
8c,  4c, '5c;  and  2n,  Sn,  4n;  respectively 
oppoaite  to  twice,  thric^  &c  the  atxmis  a£ 
hydrogen,  carbou,  and  nitrogen,  as  is  already 
done  for  oxygen,  (with  the  exception  of  the 
fourth,  where  copper  stands),  we  shall  then 
have  ready  approximations  to  the  prime  com*, 
ponents,  by  inspection  of  the  scale.  Mme  the 
sliding  part,  so  that  one  of  tbe  quantities  per 
cent  may  stand  q^poaite  the  nearest  estimato 
of  a  multiple  prime  of  that  constituent.  Thus 
we  know  that  hydmgen,  carbon,  and  oxygen, 
bear  the  relation  to  each  other  of  1, 6, 8;  and, 
of  Goune,  the  latter  two,  that  of  3  to  4.  But 
549  oxygen,  being  more  than  ooe^half  ot  100, 
the  wdght  of  oxygen  in  the  compound  prime 
is  mois  than  the  half  of  7-5,  and  therefore 
points  to  4»  Place  54.9  opposite  4  oxygen, 
{where  ec^per  stands)^  we  snail  find  18  oppo* 
site  10  hydrogen,  anfl  30.7  opposite  3  carbon. 
Here  we  see  the  proportions  of  carbon  sod 
hydrogen  are  both  greates  than  by  Vau^uelin's 
analysis.  Try  51  opposite  4  oxygen,  then 
oppoAtB  3  carbon  we  likve  26L7»  astd  oppoaite 
10  hvdnMen  16.9.  The  proportions  I  hav9 
ealeojated  arithmetically  above,  seem  somep 
what  better  approximations;  they  were  deduced 


7.50      100.0      100.0 

ham  hydrogen  0.1 25^  and  carbon  0.75,  i 
of  0.132  and  0.754,  as  on  the  seals. 

If  the  weight  of  the  compound  prime  is 
not  given,  then  we  moat  proceed  to  ^tttIt 
the  nearest  prime  pnmortiooa,  after  inspectfaa 
of  those  per  cent  The  scale  may  be  used 
with  advantage,  as  just  now  explained. 

The  following  case  baa  beea  reckoned  di£. 
ficult  of  solution,  and  has  been  even  inv^ved 
in  an  algebraic  formula.  Let  us  suppose  « 
v^etable  acid,  containing  combing  water, 
whose  prime  equivslent  is  to  be  detesmoied. 
by  experiment.  A  crystaUizad  salt  ia  made 
with  &,  for  example,  and  a  deteiminaile  qu^*. 
tity  of  sods.  Soppoee  the  alkali  to  form  2S 
par  cent,  of  the  nit.  The  seat  ia  water  and 
add.  Dissolve  100  grains,  and  add  thsm  i» 
an  indefinite  quantity  of  the  aalatkn  of  any 
salt,  with  whose  baae  the  vegetaUo  acid  forma 
an  insoluble  compound.  Dry  and  weigh  this 
predpitate.  Without  deooo^osiiig  the  latter, 
we  have  sufficient  data  far  determining  Uie 
prime  equivalent  of  the  real  add.  We  make 
^  this  proportion:  As  the  weight  of  soda  ia  to 
U«  prime  equivalent,  so  is  the  weight  of  the 
precipitale  to  the  prime  of  the  componnd. 
SumMse  148  grains  of  an  insoluble  salt  ef  lead 
to  have  been  obtained;  then  26:  3.95: :  148 
:  22.1  =  the  prime  of  ^lesaltcf  lead.  Fran 
this,  if  we  deduct  the  weight  of  the  prime 
equivalent  of  oxide  of  lead  =s  14,  ws  have 
8.1  for  the  prime  equivalMt  of  tht  aci4 


BQU 


4ftl 


BQU 


And  the  oyiCaBlud  Mh  most  buve  eon^tsted 
Dry  afid,    53.3 
Wato^       20.7 

Aa  the  above  numbers  were  annmed:  merely 
for  arithmetical  iUustrBtion,  the  water  is  noli 
atomically  expressed.  Indeed  the  piobtem  ol 
findkig  the  aod  prime,  docs  not  nq^ire  the 
salt  to  be  eithcc  dried  or  weighed.  A  solutioQ 
would  suffice.  Saturate  a  Known  weight  of 
alkali  with  an  unknowa  ijuantity  of  tbfli  crys<< 
taUiced  acid.  Add  this  neutral  solution  to  « 
redundant  quantity  of  sokition  of  niCvate  of 
Usd.  Wash,  dry,  and  weigh  ike  insolublf 
precipitate,  and  Kjpplj  the  above  mle. 

There  aie  three  systems  oC  equiyaleot 
numbem  at  pieseni  employed  t  Ist^  Thai 
having  oxygen  as  the  radix ;  2d,  That  hft^ing 
one  volume  of  hydrogen  as  tha  radix;  3^ 
That  having  two  volumes  of  hydrogen  as  the 
radix,  00  the  Daltonian  supposition,  that  two 
volumes  of  hydrogen  contain  the  same  numbet 
of  atoms  as  onf  volume  of  osygen.  Sumb  Ihe 
vdnme  of  hydrogen  is  equal  in  weight  to 
l-i6th  the  weight  of  the  volume  of  oxygen^ 
the  former  two  s^ite^is  are  mutuilly  oooverti* 
Ue,  hy  multip])rmg  the  number  im  me  oxygea 
ntio  by  Iff,  or  4  X  4,  to  ^lytafQ  the  immbcr 
in  the  hydiog^  mle ;  and  this  li  leoonverted 


by  the  hiTene  opentioD,  mimdy,  dividing  by 
16,orbv4  X4. 

Dr.  Wollaston's  scale,  and  Sir  H.  Davy's 
proportional  numbens,  aie  adapted  to  the  idea 
that  water  is  a  compound  of  1  hydrogen  -f* 
7.5  oxygen  by  weight,  or  15  -f-  1  by  volume. 
Their,  mutyd  qonvenion  is  therefore  veiy 
easy;  for  if  we  add  to  Dr.  WoIlaston^s  num. 
her  its  half,  the  sum  is  fib  H.  Davy^s;  and  of 
oounie,  if  we  subtract  from  the  number  of  the 
latter  its  third,  the  remainder  is  Dr.  Wollas. 
ton*ii  number.  .There  is  ooa  v»ry  frequent 
variation  in  the  weights  of  the  primes  among 
the  best  writers,  namdy,  douUtog  or^  halving 
the  number.  This  difierence  ia  «^5*wioniq 
generally  by  an' uncertainty  about  the  first 
term  or  proportion  in  which  tha  body  opm^ 
bines  with  oxygen ;  some  chemisu  ttCKoning 
that  a  protoxide  which  othsn  oooaider  a  dent-- 
oxide.  Thus  Sir  M.  Davy  gives.  103  as  the 
iiumber  representing  iron ;  from  which,  if  wo 
deduct  -44  =  34.3,  4ha  wmm^ia  08.7  if 
nearly  double  of  34.6,  the  number  of  0r. 
Wolhston. 

I  shall  insert  here  a  table  of  pome  equiva- 
lents. '  The  first  column  of  numbos  corve- 
iponds,  in  genend,  to  the  detevniqations  of  the 
oiemists  of  this  country,  hydrogen  being 
reckoned  unity ;  the  second  ookimn  of  nnnu 
hers,  as  also  the  literal  symbols,  belong  to 
Benelius,  who  takes  for  his  rsdix,  oxygen 
;-  lOO.'-'AnnaU  afPHL  N.  &  wiL  185,  and 
ix.438. 
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Symbols. 

Antnateofioda    .... 

04 

2222*61 

NaAa 
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88 

040-77 

As 

—  add  . 

02 

■—  duoncic 

? 

—  lodMe 

? 

Anoiioasacid 

54 
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14 

177-29 

N 
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70 
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Ba 

—  chloride      • 
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2590.ie 

Bail* 

--iodide 
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4847-26 

Bal* 
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86 

2013.86 

Bk? 

82 
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BaP? 
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86 

Baryta 

78 

1913-86 

Ba 

-*  acetate 

128 
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BaA« 

140 

3354-63 

BaAs 

—  anenite 
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439540 

BaAR* 
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4832-96 
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—  botafe 

100 
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BaB« 

—  carbonate   • 
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246452 

Ba<> 
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— *  citrate 
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ikc* 
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87 
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—  iodate 
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wata 

») 
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Ba'p 

98 
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Bai> 
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B 

7 
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H«C 
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Sutotances. 

Hjdrof^en 

Ory^Mi 

»100. 

Symbols. 

JSiSOlUul             •           •           •           •           • 

72 
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Bi 

—  acetate 

150 
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BiA- 

_aneniate    • 
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3414-57 
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— •benaoate 
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—  dtrate 

1^ 

3429-5 

Si& 

^iodate 

24ft 

6107-2 

..  :::: 

Bil« 

iodide        .        .        . 

W 

4907-2 

&I« 

^  nitrate       .... 

lU 

3328-32 

BiN« 

—  oxalate 
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Hydrogen 

OxyuMi 
=  100. 

Symbols. 
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28 
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3957-10 

CoB. 
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•— carbonate 
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—  nitrate 
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70 
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Sutwtonoes. 


Hydrogen 


Oxygen 


Symbolff. 


eom.  verdigria) 


ditt  vcfdigm) 


ColMat,  sulphate  (dry) 

—  Giystallued  (7  water) 

—  flolphuret    • 

—  iutmte 
Columfatum     • 
Copper    • 
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—  crystallized  (6  w. 
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_  iodide 
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278600 
3089-48 


Cos* 

CoS« 
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CuC* 

cu*i« 
cujdr 

..    : : : 

CuN» 
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SymtoU. 

Hydrogen 
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Iodine     . 
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lion               .        . 

28 

678-43 

Fe 

64 

1563.73 

FeM« 

...  •• 

82 
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^pottide     . 

40 
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—  pMtOKide    • 

96 
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Fe 

-.«ulphirte(diy)     . 

76 

2481-91 
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m 

1488^ 

FW8* 

44 
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Ledl              • 
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ae^AAA 

Pb 

.acetate 
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4071*2 

PbA« 

—  orTstalliBedCSwaler) 
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—  sub-blnaoelate     • 
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MB  8ttb*tntaoetate 
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9649-2 

Pb3A- 

—  anenlate     • 
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4229-77 

FbAM 

232 

8608.10 

PbB< 

—  bowtc 

194 

3388-31 

PbB« 

^v.cavbonate 

194 

3338.33 

Pb& 

—  chlflnte 

188 

^chloride 

140 

3474-3 

VbM^ 

—  dmmate    • 

164 

4092.64 

FbCb 

—  citzBte 

170 

424470 

PhO 

—  deatosde 

116 

2889^ 

Pb 

»—  lodate 

277 

6722-4 

ii>i« 

.kdide         •        • 

229 

6722-4 

Kh 

—  matete 

182 

.molybdate 

.      184 

4662-6 

Pbii«> 

—  Dilate 

166 

4143-62 

PbN« 

-Makle       .        • 

146 

36924M 

PbO* 

—  pcnndde 

120 

2989-00 

Pb 

—  pbMphate 

140 

3681-80 

PbP 

132 

3481-30 

PbP 

-*abaiphttiet 

116 

-^piotoiide    • 

112 

27894)0 

Fb 

EQU 
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EQU 


— i — 

jrdroifai  H     Ok 


^KS" 


Symbob. 


Lead,  aiocinBte 

—  sulphate 

—  •ulphite     • 

—  mlphuret  • 

—  tartrate      • 
Ldiae 


—  aneniate 


— -  biphoiphate 

—  borate       .... 

—  eu-bonatc  .        •        •        • 
-i-eMorate     .... 

—  ddoride    .... 

—  dtnte       .... 

—  cbromate  .... 

—  hydrate     .... 

—  iodste 

—  muriate  crystalliied  (5  water) 

—  oxalate 

—  phoaphaie 
^phoi^hite 


—  sulphate    • 

—  crjrstailiiEed  (2  water) 

—  sulphite    • 

—  tartrate 
^tuDgstate  • 


—  pffbonate  • 

—  nitrate 

—  phosphate 

—  sulphate    • 
lithium 
^diloride     - 

—  iodide 

—  sulphutet  • 


1(^2 
142 
144 
120 
179 

^ 

IS 

90 
148 

84 

60? 

60 
104 

84 

88 

80 

37 
193 
110 

64 

«6 

48 

78 

68 

86 

60 

95 
148 

18 

40 

72 

46 

58 

10 

46 
195 

26 


404470 
979132 
3^1-32 
2991*32 
4457-98 

712-06 
19943 
2152-83 
3731.16 
2406.66 
1251*37 
1262-72 
2597-36 
1307-36 
2167-76 
2015-70 

93698 
4845-46 

1615-58 
1604-36 
1404-36 
1967-76 
1714-38 

1514-38 
2381-04 
3727-44 

455-63 
1006-29 
1810-15 
1347-93 
1457-95 

255«» 
1140-93 
338903 


PbS« 
PbS« 
Pb^ 
Pb8» 
Pbf« 

Ca 
CsA*  . 
Caiu 
Cs§- 

iia'pi 

CaM* 

iiao 

CaGh 
Ca+2A<i 

iiao* 

OiP 
Oi'P 
Ca& 

o»s« 

Ga's* 
'Caf« 
CaWi 

LC« 

'h% 
LP 
Lsi 

L 
LM« 
LP 


J^^U 
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EQU 

StttateDCM. 

Hydrogen 

Symbols. 

Magnetia 

20 

516-72 

Mg 

—  niiiiiooia.phoq>Iute    • 

93 

—  boorte?     .        .        .        , 

42 

1056.03 

MgB 

—  ovbonate  .        .        .        . 

42 

1067-38 

iigc* 

—  Iiydmte     -       .       ,       . 

29 

74159 

Mg  +  2Aq 

^nmiiate     .        -       .       . 

57 

—  nltiaCe       •        •        .       . 

74 

1871-24 

MgN« 

-photphate          .       .        , 

48 

1409.02 

MgP" 

-•ulpliate(diy) 

00 

1619-04 

iigs^ 

^aysUlUied  (7wBter) 

123 

. 

—  fMtiBle 

«7 

2185-70 

Mgf< 

Magnahim    .... 

12 

316-72 

Mg 

-•efalodde     .        .        .        . 

1 

—  iodide 

48 

1202-02 

MgM. 

' 

137 

3450-12 

Mgi« 

—  phwphuret 

24 

—  tulphurct 

28 

Manganew     .... 

28 

711-57 

Ma 

—  acetate 

—  beiuEoate,  r. 

—  GBrboDate 

S6 
156 

29360 
654022 

'MnA3 
'iin  Bi 

58 

146233 

M'nC» 

—  cUoiate 

1  ia 

•  ■  «•  •  • 

112 

2796-87 

MdM« 

.      —chloride    .... 

64 

1596-87 

Mnif* 

—  citrate 

94 

246727 

MnC« 

—  deutoxide  .... 

... 

40 

1011-57 

Md 

—  oxalate 

...  * 

72 

2366-88 

Mn03 

—  peroxide    .... 

:: 

44 

1111-67 

Mn 

64 

4700-04 

'Mn»P» 

—  phoephnm 

40 

—  protoxide 

36 

91157 

Mn 

—  aucdnate 

86 

2895.12 

MnS3 

—  miJIphate    .... 

76 

2515-05 

Mn$3 

—  tartrate 

Aierciuy        ■*        •        .        . 

103 
200 

2680-55 
253160 

MnT« 
Hk 

—  Mpenulpbate     . 

296 

—  bfiulphuwt        .        .        . 

232 

2933-92 

HgS« 

—  bkyanuret 

252 

—  perchloridc 

272 

34169 

HgM» 

EQU 
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fi^U 


.Substances. 

Hydxogen 

^jvss: 

Symbob. 

Mercury,  periodide 

460 

6666.0 

Hgiy 

—  pcxnitnle  • 

334 

4086.12 

i^Ni 

—  peroxide    • 

216 

2731-6 

^?. 

272 

3623-9 

HgP 

-peanlpliftte       .       . 

266 

3633-92 

HgSi 

—  pcModiloride     • 

236 

2974-26 

HM 

262 

330886 

HgN 

246 

313276 

HgS 

—  pfiotozJde  . 

208 

26316 

Hg 

Molybdenum 

48 

696-80 

Mo 

—  protoxide 

56 

696-80 

Mo 

Nidul   . 

29 

73961 

Ni 

—  aoeiBte 

87 

2221-7 

NiA« 

—  aneniate   • 

99 

2380-28 

NiiU 

—  bcnzoate 

167 

—  borate 

69 

—  curbonate  • 

69 

1490-17 

NiC' 

—  eUoride 

66 

162481 

NiM* 

—  dtnte 

96 

2896-21 

iiic* 

—  iodide 

164 

387291 

Niii 

—  nitrate 

91 

2294-03 

jhivi 

—  oxalate 

73 

184306 

NiO* 

—  peroxide 

? 

1039-61 

Ni  ? 

65 

1831-81 

iii'pi 

41 

--.protoxide  . 

37 

939-61 

Ni 

—  sulphate  (dry)    • 

77 

1941-83 

iiisi 

—  cry»talliied(7water) 

140 

46 

1141-83 

NiS« 

—  tartrate      • 

104 

260849 

mr* 

Nitric  oxide  - 

30 

37726 

N 

Mitro^en 

14 

17726 

N 

KimMU  oxide* 

22 

27726 

N 

Ofcfiantgu    . 

• 

7 

Oimium                • 

y 

Os  ? 

—  oxide 

? 

? 

Oxygen 

8 

lOO-W 

O 

EQU 
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EQU 


s.,.,^ 

UfSrosen 

^r 

STmboli. 

PallMiiiim 

—  oxide 

?       1 

1407-60 
1C07-60 

P» 

Phcwphonii 

12      1 

39230 

P 

—  aibuiet 

18      I 

48 

-peroWoride         .        .        .        - 

84 

.nilpliuiet 

Pladnam 

28 
96 

121623 

Pt 

—  penWoridc 

—  peroxide    .        .                • 

196 
142 
112 

210063 
141&23 

PtM« 
Pt 

—  bi-pilOBpbUMt 

120 

—  Insulphuf  et 

PotMh  (dry)  .        .        •        . 

.-acetate 

128 
48 
98 

1179-83 
2462-0 

—  aracniatc    .        .        •        • 

110 

2620-60 

KAa 

.anenite 

102 

366137 

KA^ 

—  iMnamte    .        •        -        - 

188 

4198-93 

'KaB« 

—  bicarbonBte 

92 

2281*16 

'KG4 

-:er78tallixed(l  water) 

101 

—  Inchromate 

162 

,  . 

172 

406137 

k'As< 

—  binoxaUte 

120 

2986-9J 

io* 

—  biphosphate       • 

104 

296443 

it  pi 

—  birolplurte 

128 

318447 

KSA 

_  crystaUiied  (1  water) 

—  bitartratc  .         .        •        • 

137 
182 

4617W 

Kf* 

—  crystallized  (1  water) 

—  borate        .... 

191 
70? 

171914 

KB* 

—  caobonate  .        .        •        • 

70 

1730-49 

k  €• 

—  chlorate     .        .        •        • 

124 

306513 

KM* 

.  ::: 

—  duomate   .        •        •        • 

100 

2483-47 

KCh 

—  citrate 

106 

2636-6 

ko 

—  hydrate     •        • 

67 

1404-70 

k  ^2Aq 

—  iodate 

213 

6313*23 

k'ii' 

—  molybdate 

120 

297343 

k'Mo* 

—  nkratc       .... 

102 

8634-86 

KN* 

EQU 
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Eqa 


StOmanm. 

H^rogM 

2.7J? 

Symboli. 

Potash,  oxalate       .        .       .        . 

84 

1   2068.87 

k6« 

—  ptw^rfiftt^* 

76 

2072-13 

..  I*: 

KP 

—  qimbozalate 

192 

4793.99 

k6» 

—  tncdiwue 

98 

ks« 

88 

2182.15 

ksi 

^ftulpfaice 

80 

198215 

k8« 

^tavtmte 

115 

1   2848.81 

kf« 

—  tuigstate 

168 

1   4195.21 

kw« 

PottMiiitii 

40 

979.8S 

K 

—  chloride 

76 

1865.13 

kii* 

-iodide 

166 

4113.23 

ki« 

—  peroxide 

64 

1579-83 

K 

—  phosphuret 

66 

137213 

KP> 

48 

117983 

k 

—  SQiphiiret 

56 

138215 

K8«      . 

Rhodium       . 

44? 

1500.10 

R 

—  peroxide 

60 

1800.10 

R 

52? 

1600.10 

R 

Seleniiiin  ? 

41 

495.91 

Se 

Sillba     . 

16 

596-42 

si 

SiBdam 

8 

296-42 

Si 

Snvtr    . 

no 

2703.21 

Ag 

—  acetate 

168 

418545 

AgA« 

180 

4343-98 

AgAs 

—  anenite     . 

172 

6384-75 

AgAi« 

•—  henaoate 

2S8      • 

592231 

AgB* 

—  hoEate?     . 

140 

3442.52 

AgB» 

—  carbonate  • 

140 

3458.87 

Ag6 

194 

4788.51 

..   :::: 
AgM» 

MM'Cbloiide 

146 

3588-51 

Agii' 

—  chromate   • 

170 

4206-85 

..    : :: 

AgCh 

^"  atiate 

176 

4358.91 

AgC* 

^Mate 

283 

7036.61 

Agl> 

—  iodide 

285 

583661 

Ag'l' 

—  molybdate 

100 

4696-81 

Ag'ifo* 

-.Bitxate       . 

172 

4257-73 

AgN- 

-^  oxalate 

154 

3806-75  J 

Ago* 

V-.  'r 
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Sutatanoct. 

Hydfofn 

^^ 

Symbob. 

SUver,  oxide 

118 

2908*21 

Ag 

— .  phosphate 

146 

3795.51 

•  .    :  • : 

AgP 

156 

3905.53 

AgS«' 

—  sulphite     . 

150 

3705.53 

AgS< 

—  suIphiiKt  •         •        • 

126 

310553 

AgS« 

—  tartrate      .... 

185 

457219 

Agt« 

—  tungsute  • 

288 

6918*59 

AgW« 

Soda      . 

32 

78184 

Na 

—  aoeUte      .... 

82 

2064.0 

NaA< 

136 

..araeniate    • 

94 

2222.61 

Na!^ 

—  ancDite 

86 

3263.36 

NaAs" 

152 

3800-94 

Nat* 

—  bicarbonate       ... 

76 

1883.16 

NaCa« 

.borate?     • 

54 

1321.15 

NaB' 

—  carbonate  (dry)  • 

54 

1332.50 

Na(> 

—  aystallised  (11  water) 

153 

_  chlorate     . 

108 

266714 

NaM« 

—  chnunate  • 

84 

2085.48 

NaCh 

—  dtiate 

90 

2237-54 

NaC« 

41 

1006-71 

Na-h2A« 

—  iodate 

•—  molybdate 

—  nitrate 
— ^oxalate 

»  suociiiate   < 

—  tnlphate  (dry)    . 

—  crystallized  (10  water) 

197 
104 
86 
68 
82 
72 
162 

4»15.24 
257644 
2136-36 
168538 
2037-54 
1764-16 

..  :::: 
Nal* 

Na  Mo* 

NaN* 

NaO* 

Na8» 

NaS* 

—  sulphite     .        .        . 

64 

158416 

NaS* 

—  and  potash 

99 
214 

245080 

NaT* 

Sodittni          •        • 

24 
60 

581-84 
146714 

Na 
NaM« 

—  iodide 

149 
36 

3715-24 

■ 

NaV* 

—  protoxide  • 

36 
32 

88184 
78184 

Na 
Na 

EQU 
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Subitenccs. 

Sodfaim,  sulphuret 

Starch?  .... 

StimtU         .... 

—  aoelBte  .... 
^bonte?  .... 
— •  cirixiuite  •       '        •        • 

—  dtrate        .... 

—  hydnte      . 

—  muriate,  cryataUised  (5  water) 

—  <na]ate      .... 

—  pbofpbate 

—  tulphate    .... 

—  tartnte  .... 
StfODtium      .... 

—  chloride     .... 

—  iodide       .... 

—  phosphuiet 

—  sulphuret  .... 

Sugar 

Sulphur  .... 

—  carburet     .... 

—  chloride  .... 
^iodide        .... 

—  phofphuret 
Sulphuretted  hydrogen     • 
Taonm?        .... 
TeUurium      .... 

—  chloride     .... 

—  oxide  .... 
Tin 

—  hisulphuret 

—  iodide  .... 
^-poronde    •        .        •        • 

—  protoxide  .        .        .        • 

—  perchloride 

—  protoehloride 


H^nV» 

^i!? 

40 

98416 

142 

62 

1294-60 

102 

2576-8 

74 

1833.91 

74 

1845-26 

no 

27603 

61 

152MS 

134 

88 

2198-14 

80 

2186-90 

92 

229692 

119 

2963-58 

44 

1094-60 

80 

1979-91 

109 

4228-0 

56 

60 

? 

16 

201-16 

38 

477-65 

52 

141 

28 

17 

21360 

71 

38 

806-45 

74 

1091-76 

46 

1006-45 

58 

1470-58 

90 

2275-22 

183 

4606-98 

74 

1870-58 

66 

1670.68 

130 

3241-18 

94 

2355-88 

Symbob. 


NaS« 


SrA« 
SrB« 
SrC« 
SrC* 
Sr  -f  2Aq 

Sr6« 

SrP 

SrS« 
SrT* 

Sr 
SrM« 

Sri* 


S 

cs« 


H«S 

Te 

TcM« 

Te 

Sn 
SnS4 
8nl«  , 

Sn 
*Sn 

6n  M4 
Sn  M« 


EQU 


SQV 


Subitancca. 

Hydrogen 

^^ 

Symbolf. 

Tin,  milphuret 

74 

1873-M 

8taS« 

—  phosphuiet 

70 

Titanium 

•  ? 

•       ?■ 

Ti 

Tungsten 

96 

iao7-6» 

W 

Tung^add 

leo 

1507-OB 

w 

Unnimn 

? 

3146-86 

u 

—  oxide 

? 

3846-86 

i) 

Uric  add 

45? 

Water  • 

• 

• 

llM8t4 

Aq 

Yttria    . 

40 

1006.14 

Y 

Yttrium  !> 

32 

805.14 

Y 

Zinc       . 

34 

806.45 

Zb 

—  acetate 

02 

2288.7 

ZaA« 

104 

2447-22 

ZnAft 

-benzoate 

162 

402555 

ZnE« 

—  bonte 

G4 

1645-76 

Za  b< 

M.  i^rbftnatf 

64 

165711 

ZnC 

—  cMoiate 

118 

289175 

%i  i'i' 

^diloDde 

70 

H»l-75 

ZnM* 

—  dtrate 

100 

246216 

ZnC- 

—  iodate 

207 

5139.85 

Znl« 

iodide 

159 

3939.85 

Zni« 

—  nitzate 

96 

2360-97 

^% 

—  ffyy^fttf 

78 

1909.99 

•«n5« 

-oxide 

42 

1006-45 

Zn 

—  phoRphate 

70 

1898-75 

fnP 

—  phosphuiet 

46 

, 

—  sucdnate   • 

92 

2262-15 

Zn& 

—  sulphate  (dry)    • 

82 

200877 

gnSi 

—  crystaUJeed  (fi  water) 

136 

—  sulphite     . 

74 

1808.77 

ZnS* 

—  tartrate      • 

^ 

no 

267543 

ZnT« 

Ziioonia 

45? 

? 

ZrOx 

Zirconium 

• 

37? 

? 

Zr 

ETH 
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ETH 


ERITROOlBNS.  Hie  tiame  dven  by 
Stg.  BIzio  of  Venice  to  a  new  animal  product 
found  in  the  gaU  bladder  of  a  pecson  who 
died  of  janndioe.  It  la  of  a  gieen  colour, 
twatelcM^  smelling  13ce  putrid  fisli,  ttanapaient, 
flexible,  nnctoous,  eanly  scratched  or  cut, 
and  which  cryBtalUxea  in  the  fbnn  of  rliom- 
boidal  paxallelopipeds.  Its  sp.  gr.  is  1.57« 
Itfii8eBatllO<'F.,^»pearingl]keanoil;  when 
alowJy  cooled,  it  ciystaUixea  on  solidifying. 
MThen  heated  to  122«  F.  it  Tolatilizes,  giving 
in  contact  with  the  atmosphere,  a  piuple  ira* 
pour.  Its  name  was  given  in  consequenoe  of 
the  power  ft  possessed  of  being  tiansfotmed 
into  a  red  mattet*  and  of  giving  a  purple  va. 
pour.  It  does  not  dissolve  in  water  or  ether, 
iMit  with  fkcility  in  aloohoL  JtmnuU  of 
Science^  jm.  173. 

ERIIaMITE,  a  new  mineral,  discovered 
fai  1818  hf  Briedumpt  fai  the  Saxon  Bnge- 
beigey  fbfming  a  put  of  the  oldest  gneiss 
formiuion.  Its  lustre  is  shining  feeUy,  or  dolL 
Streak  ahining,  with  a  fatty  Tuslke.  Colour, 
light  sieauah  grey;  streak,  white.  Massive. 
Sometimea  compact,  sometimes  in  small  and 
fine  granular,  uistinct  concretions.  Fracture 
in  some  apcdtnais  foliated,  in  others  splintery 
and  even.  Its  structure  is  distincdy  crystal, 
line ;  but  no  specimen  has  yet  been  observed 
wludi  admitted  of  regular  deavaoes.  Haid- 
ness  between  that  of  apatite  and  acmolite. 
Sp.  gr.  from  3-  to  3.1.  Before  the  blowpipe 
it  melts  easily  into  a  slightly  colouzed,  trans- 
parent, oompset  pearl,  and  resembles  seh- 
lenite  more  than  any  other  mineral.  Aooonling 
to  the  analysis  of  Professor  Gmdin,  it  is 


composed  of 

Silica,        . 

53100 

Alumina,    . 

14034 

Ume, 

14.397 

Soda, 

2.611 

Magnesia, 

5.420 

Oxide  of  iiOB, 

7138 

Oxide  of  manganese, 

0.639 

Volatile  matter, 

, 

0.606 

Loss. 

• 

1.995 

100-000 

SthtoHgger  und  Meinetkey  Jahrbtuh  der 
Chemie  und  Phtftik^  vii  76. 

ESSENCES.  Several  of  the  volatile  or 
essential  oils  are  called  essenoes  by  the  per-, 
fumers. 

ETHER.  A  very  volatile  fluid,  produced 
by  the  distillation  of  aloohol  with  an  add. 

When  strong  sulphuric  add  is  poured  upon 
an  equal  weight  of  akohol,  the  fluids  unite 
with  a  hissbg  noise  and  the  production  of  heat, 
At  the  same  time  that  a  oagraiit  vegetable 
smell  is  perorived,  resembling  that  of  apples. 
It  is  much  better  and  safer,  however,  to  add 
the  add  by  small  portions  at  a  time,  at  such 
intervals  as  that  no  perceptible  heat  may  be 


produced.  The  mfa^uie  may  be  made  in  a 
glass  retort,  and  the  dtBtiOadon  performed  by 
regulated  lieat  on  a  sand-bath,  a  large  tubu- 
lated reedver  being  previously  wdl  adapted, 
and  kept  oool  by  immersion  in  water,  or  the 
frequent  application  of  wet  doths.  A  bent 
fjbU  tube  luted  to  the  tubulureof  the  reedver, 
and  having  its  extremity  inmicned  in  a  little 
water  or  mercury,  will  allow  die  gases  to  escspe, 
and  confine  the  oondensible  vmmuz.  The  first 
product  is  a  fragrant  spirit  or  wine,  which  is 
followed  by  the  ether,  as  soon  as  tbe  fluid  in 
the  retort  bedns  to  btnL  At  this  period,  the 
upper  part  of  the  reodver  is  covered  witlt  large 
dUdnct  streams  of  die  fluid,  whidi  run  down 
its  rides.  After  the  ether  has  passed  over, 
sulphurous  add  arises,  which  is  known  1^  its 
white  ftirae  and  peculiar  smelL  At  this  period 
the  lecdver  must  be  uidntsd  and  removed, 
care  bdng  taken  Co  avoiA  brealliiiig  the  pene* 
tratmg  f^nes  of  the  add ;  and  the  fire  must 
at  the  same  time  be  moderated,  beoasse  the 
reridue  in  the  retort  is  disposed  to  sweQ.  A  ■■ 
l^htydlow  oil,  called  sweet  oil  of  wine,  comes 
over  after  the  ether,  andis  suooeeded  by  Mack 
and  foul  sulphuric  add.  The  residue  varies 
in  its  properties,  according  lothe  managsnient 
of  the  heat  If  the  fire  be  mudi  incressed 
toward  the  end  of  the  process,  the  sulphurous 
add  that  comes  over  will  be  mixed  with  vi- 
nenr. 

The  ether  comes  over  mixed  with  aleohol 
and  some  sulphurous  add*  It  was  usual  to 
add  some  distilled  water  to  this  product,  which 
occasioned  theether  to  rise  to  the  top.  Recti, 
fieadon  is  absolutdy  necessary,  if  the  ether 
have  a  sulphurous  smell ;  and  this  is  indeed 
the  better  method  in  all  eases,  because  the 
water  added  in  the  old  method  auiways  absorbs 
about  one-tenth  part  of  its  wdght  of  ether, 
which  cannot  be  recovered  without  tiaving  re- 
coune  to  distillation;  and  also  because  the 
ether  is  found  to  absorb  a  quandty  of  the  water. 
Previous  to  the  rectification,  a  small  quantity 
of  black  oxide  of  mangHieie  should  be  added, 
shaking  the  mixture  occasionallv  during  24 
heurs.  Prout  prefers  dean  sUwed  Hme,  as 
recommended  by  Woolfe;  observing  that  the 
botde  must  not  be  above  three  parts  filled, 
and  that  it  must  be  moved  about  in  cold 
water  for  some  minutes  before  the  cork  is 
taken  out 

The  inexperienoed  diemist  must  bereminded, 
that  the  extreme  inflammability  of  alcohol,  and 
still  more  of  ether;  the  danger  of  explosion 
witick  attends  the  sndden  mixture  and  agita- 
tion of  concentrated  adds  and  alcohol;  and 
die  suffocating  effect  of  the  elastic  fluids, 
which  might  M  the  apartment  if  inadvertendy 
disengaged ;  are  all  circumstances  which  re- 
quire cautions  management 

Sulphuric  ether  is  a  very  fragrant,  light,  and 
volatile  fluid.  Its  evaporation  produces  ex- 
treme cold.    It  is  highly  inflammable,  bums 
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with  a  more  luminous  .|kune  than  alcohol, 
which  is  of  a  deep  Uue,  and  emits  more  smoke. 
At  46"^  bdow  0  of  Fahr.  it  becomes  solid.  It 
dissolves  essential  oils  and  resim,  and  camphor 
very  plentifully.  By  long  digestion  it  dia- 
Mlves  l-13th  of  sulphur  id  the  light,  and 
1  -1 7th  in  the  daric  Mixed  with  the  muriatic 
soltttioo  of  gold,  it  retains  a  portion  of  the 
metal  in  solution  for  some  time. 

To  give  sulphuric  ether  its  utmost  purity, 
we  must  add  to  the  oonunon  purified  ether  dry 
subcarhonate  of  potash  in  powder,  till  the  last 
portions  are  not  wetted,  and  draw  off  the  ether 
by  distillation.  Ita  6p.  gr.  will  fall  from 
(VTTd  to  0-746.  Being  thus  deprived  of  its 
water,  it  must  next  be  freed  from  alcohol,  by 
digesting  it  on  dry  muriate  a£  lime,  and  de» 
canting  the  supernatant  liquid,  which  is  ether 
of  sp.  gr.  0.632  at  60^,  according  to  Lowitz. 
Distillation  incitases  its  density  to  0-7155  at 
600,  according  to  M.  T.  de  Saussure. 

Ether  boils  in  the  atmosphere  at  9&*  Fahr. 
and  til  vacuo  at  —  20^.  The  density  of  its 
vapour,  as  determined  by  M.  Gay  Lussac,  is 
2.686,  that  of  air  being  1.  Ether  admitted  to 
any  gas  standing  over  mercury  doubles  ita 
bulk  at  atmospheric  temperatures.  If  oxygen 
be  thus  expanded  with  ether,  and  then  mixed 
with  three  times  its  bulk  of  pure  oxygen,  on 
being  kindled  it  explodes,  forming  carbonic 
acid  and  water.  By  detonating  such  a  mixture 
M.  de  Saaasiixe  inferred  ether  to  consist  of 


Hydrogen,  14-40 
Carbon,  67-98 
Oxygen,        17-62 

100-00 
These  proportions  per  cent,  oonespond  fo 
Olefiantgas,  80.05 
Water,  19.95 


100.00 
Or  very  nearly  5  primes  olefiant  gw, 
ing  of  5  carbon  -|-  d  hydrogen ; 

Or  (0-760  -f  0126)  X  6  =  4.375 


1  prime  water,  or  1  hy-l  _.  -, 
^  }      - 


-A           .1               -  r  —1-126 
drogen  + 1  oxygen,  J      

6.500 

Or  6  hydrogen  -f  5  caibon  -f  1  oxygen. 

By  passing  ether  through  a  red-hot  porocu 
lain  tube,  it  is  resolved  into  heavy  infiuuma^ 
ble  air,  a  viscid  volatile  oil,  a  little  concrete 
oil,  and  charcoal  and  water. 

Ten  parts  of  water  combine  with  one  of 
ether.  Sulphuric  acid  converts  ether  into 
sweet  <h1  of  wine.  If  a  very  little  ether  be 
thrown  into  a  large  bottle  filled  with  chlorine, 
a  white  vapour  soon  rises,  fidlowed  by  ex- 
plosion and  flame.  Charcoal  is  deposited, 
and  carbonic  acid  gas  formed. 

If  we  apply  to  ether  that  prind^  of  re- 
search  invented  by  AI.  Gay  liusfiu^  and  so 
successfully  applied  by  him  to  iodine  and 
pruasic  acid,  we  shall  find  that, 


2  volumes  of  olefiant  gas, 
1         do        vapour  of  water, 


=  09722  X  2  =  1-9444 
=  0-6249 


Condensed  into  one  volume  of  vapour  of  ether,    =  2-5693 
Which  is  vei7  nearly  ^e  experimental  sp.  gr.    =  2-6860 


On  this  view,  the  vapour  of  ether  contains  aqueous  vapour  conaista  of  one  volume  of 

«>ne.half  of  the  combined  water  that  the  vapour  hydrogen,  and  half  a  volume   of  oxygen, 

of  alcohol  does.  Hence  the  ratio  of  the  wci^ts  of  the  oon- 

But  two  volumes  of  olefiant  gas  consist  of  stituents  will  become,  on  tiie  hypothetical  oxy- 

four  volumes  of  hydrogen,  and  four  of  carbon,  gen  scale,  m  which  half  a  volume  of  oxygen 

in  a  fiondensed  state;  and  one  volume    of  represents  one  atom, 


5  atoms  hydrogen,  =:  0*125  X  5  =:  0-625  .. 
4  carbon,      =  0.750  X  4  =  3000  . . 

1  oxygen,      =1-000x1  =  1-000.. 


13-513 

21-622 
64-866 


4.625     100.000 


These  proportions  differ  from  those  of  M.  C&rbon,      59.60 

de  Saussure,  in  nuJdng  the  carbon  more,  and  Hydrogen,  13-30 

the  oxygen  less,  than  he  found.  Oxygen,      27- 10 

By  my  analysis,  which  was  conducted  with  

much  care    and  often  repeated,  I  found  that  100.00 
ether  purified  in  M.  de  Saussure's  way,  de. 
composed  by  peroxide  of  copper,  was  com- 


3  atoms  2.25  . 

4  da     0.50  . 
1  do.     1.00  . 


liO.OO 
13.33 
26.66 


3.75      100.00 
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Or  3  Tolumerolefiint  gas  =  3  X  0-9722  r:  291110 
2  da  vupour^  water  =r  2  X  0.625    =:  I-2&00  ^ 

4.1606 


The  specific  mvity  of  its  vapoiAl  did  not 
experimentally  determine ;  but  from  thesmaller 
propcfRion  of  cai1>0D  in  it  than  jin  the  ether 
analysed  fay  BI.  de  Saussure, '  I  presume  the 
density  must  have  been  condderably  less  than 
2-586.  Probably  the  sp.  gr.  of  the  liquid 
I  ether  examined  by  M,  de  Saussure  was  only 
f     0.632;  that  of  mfoe  was  0.700. 

Efhen,  exactly  the  same  with  the  sulphu- 
ric, may  be  obtained  by  passing  alcohol  thnmgh 
phoRpfaoric  and  arsenic  acids  concentnted  and 
heated. 

Another  kind  of  ethers  are  those  which 
result  from  the  combination  of  the  alo^iol 
with  the  aod  employed  to  iiutke  them.  Nine 
SDch  ethers  arc  known.  Muriatic  ether,  nittic 
ether,  hydriodie  ether,  acetic  edier,  benzoic 
ether,  oxalic  ether,  citric  ether,  tartaric  ether, 
gallic  el^er:  the  first  four  are  more  volatile 
than  alcohol;  the  rest  are  much  less  so,  for 
they  boil  with  more  difficulty  than  water. 

MfgioHc  oAer,  It  is  formed  by  saturating 
alcSlnl  with  muriatic  add  gas ;  or  still  better 
by  mixingt^etbar  equal  bulks  of  alcohol  and 
concentratedvquid  muriatic  acid,  and  heating 
the  mixture  in  a  glass  retort  connected  with 
a  Woolfe*8  apparatus.  The  first  bottle  should 
contain  a  quanti^  of  water,  at  about  80«  F. ; 
the  second  -ibouid  be  surrounded  with  ice. 
From  10  ounces  of  acid,  and  an  equal  bu^  of 
alcohol,  1.2  ounces  of  ether  may  befiibtained. 
Under  die  barometric  pressure  of  SO  inches, 
this  ether  is  always  gaseous  at  51^  and  all 
higher  temperatures.  In  the  state  of  gas  it  is 
colourless,  and  without  action  oir  litmus  or 
▼iolets.  Its  odour  is  very  strong,  and  ana- 
logous to  that  of  sulphuric  ether ;  iu  taste  is 
perceptibly  saccharine ;  and  its  sp.  gr.  com- 
pared to  that  of  air  is  2.219. 

In^e  liquid  state  at  40o  F.,  its  sp^  gr.  is 
10-874.  Biiired  00  the  pdhnof  the  hand  it 
immediately  boils,  and  produces  much  add. 

According  to  MM.  Colin  and  Robiquet, 
(Anmkt  de  Chimie  et  de  Physique^  i.  p.  348.J 
one  voluiBe^fif.  muriatic  ether  passed  through 
a  poredain  tube,  at  a  dull  red  heat,  is  resolved 
into  a  mixture  of  one  volume  okfiant  gas,  and 
one  volwna.  muriittic  add  g»s.    By  adding 

Olefiant  gas,  =  0.0722  to  that  of 

^  Muriatic  acid  gas,  =  1.2840 

We  have  the  sum       =  2.2562 
^ieh  is  neariy  the  sp.  gr.  of  the  vapour  by, 
«gTment  =  2.2190. 

When  a  lighted  taper  is  brought  near  the 
'^I'itoe  of  this  ether,  it  immediat^  takes  fire, 
and  Wns  with  a  greenish  flame.  Mitfiaticgas, 
^Wc  acid,  and  water,  result.  Sfanilar 
P^V09  aie  obtained  by  firing  a  mixtufe  of 


its  vapour  with  oxygen,  either  by  the  taper  or 
electrio  ^park.  If  the.  pxygen  be  to  the  va- 
pour in  the  ratio  of  3  to  1,  a  violent  detonation 
takes  place,  which  breaks  tommon  eudiometers. 
Water  dissolves  of  muriatic  ether  a  volume 
equal  to  its  own,  at  mean  pressure  and  tem- 
perature. The  solution  has  a  sweet  and  cool, 
faig  taste,  analogous  to  tibat  of  peppermint 
Although  it  be  very  sohibH  in  alcohol,  water 
separates  the  whole  of  it.  Chlorine  instantly 
decomposes  muriatic  ether.  Nitrate  of  sUver 
ajfi  protonitrate  of  mercury,  two  salts,  which 

'suddenly  occasion  precipitates  in  waters  con- 
taining  muriatic  acid,  dtlier  free  or  combined 
with  a  salifiable  base,  produce  no  immediate 
doud  with  this  ether.  It  is  only  after  some 
hours  contact  that  we  begin  to  ptfodve  an  ac- 
tion ;  and  even  after  three  months,  the  mu- 
riatic add  is  not  completdy  thrown  down. 
These  experiments  must  be  made  in  phiab 
dosed  witk  wdLground  stoppers.      ' 

The  ether  produced  by  treating  certain 
muriates,  espedallv  the  fuming  muriate,  or 
chloride  of  tin,  with  alcohol  is  muriatic  ether. 
The  only  difference  which  exists  between  the 
former  and  this  k^d  is,  that  the  ether  fcrmed 
with  the  acid  is  a  little  more  volatile  than  the 
efiier  made  with  the  diiprides. 

Nitric  etJier.  This  ether  is  prepared  by 
dutiUfng  equal  parts  by  wdght  of  alcohol, 
and  the  aquafortis  of  oommiffce.  After  hav- 
ing introdttoed  them  into  'a  retort  capable  of 
holding  double  the  bulk,  it  must  be  put  in 
ooalbxion  with*  Woolfe*|3pparatu«y  of  which 
the  first,  bottle  is  empty,  and  the  Other  four 
half  filled-  with  saturated  brine.  The  whole 
botfles  must  be  put  into  an  oblong  box,  and 
surrounded  with  a  mixture  of  snow  and  salt. 
We  then  apply  a  gentle  heat  from  a  charcoal 
chauffer.  As  soon  as  Hie  liquor  begins  to> 
boil,  we  must  instai||far  withdraw  the  lieat> 
and^  if  necessary,  check  the  violence  of  the 
ebyUition  by  the  application  of  a  moist  sponge, 
or  rag,  to  the  retort.  The  operation  is  finished 
when  it  spontaneously  ceases  to  haSL  By  thia 
time  the  product  forms  a  little  more  than  one« 
third  of  the  alcohol  and  add  employed. 

But  ether  is  not  the  sole  product  of  the 
operation.  We  obtain  also  much  protoxide 
of  axote  and  water,  a  little  azote,  deutoxide 
of  azote,  carbonie  add  gas,  nitrous  add  gas, 
acetic  add,  and  a  substance  easily  carbonixisd. 
We  are  thus  led  to  suppose  that  a  portion  of 
the  alcohol  ip  completely  decomposed  by  the 
nitric  add ;  that  it  yidds  almost  all  its  hy- 

>  drogen  to  the  oxygen  of  this  acid ;  and  that 
hence  result  all  the  products,  besides  the  ether» 
whilst  the  alcohol  and  the  nitrous  add  unite 
to  oonstitttte  the  ether  properly  so  called.  The 
whole  ether  comes  over  as  wdl  as  the  axotci^ 
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protoxide  of  azote,  deutoxide  of  axote,  and 
carbonic  acid.  As  to  the  water,  nitrous  aitd 
acetic  adds,  they  are  disengaged  only  in  part, 
as  wdl  as  a  portion  of  the  alcohol  and  nitric 
aeid  which  escape  their  reciprocal  action.  In 
fact,  the  easily  charred  matter  remains  in  the 
retort  along  with  a  little  acetic  acid,  about  78 
paru  of  nitric  acid,  60  of  alcohol,  and  284  of 
water,  supposing  diat  we  had  operated  upon 
500  parts  of  alcohol  and  as  much  dilute  nitnc 
acid. 

It  is  because  there  is  formed  so  foeaX  a 
quantity  of  gas,  that  the  salt  water  and  refri- 
geration  aie  reqidied.  Without  these  pre- 
cautions,  the  greater  part  of  tlie  ether  would 
be  carried  off  into  the  atmosphere;  and,  even 
with  them,  some  is  always  lost. 

On  unluting  the  apparatus,  there  is  foun^ 
in  the  iixst  bottle  a  la^e  quantity  o^  yellow, 
ish  liquid,  formed  of  much  weak  alcohol,  of 
ether,  with  nitrous,  nitric,  and  acetic  acids. 
In  the  second,  we  find  on  the  surface  of  the 
salt  water  a  pretty  thidc  stratum  of  ether, 
contaminated  with  a  little  acid  and  alcohoL 
In  the  third,  a  thinner  layer  of  the  same,  aqd 
soon. 

These  kyers  are  to  be  separated  from  the 
water  by  a  long-necked  funnel,  mixed  with 
the  liquid  of  the  first  bottle,  and  redistilled 
from  a  retort  by  a  gentle  heat,  into  a  receirec 
surrounded  with  ice.  The  first  product  is  an 
ether,  which  may  be  entirely  deprived  of  add, 
by  being  placed  in  contact  with  cold  quick- 
lime in  a  phial,  and  decanted  off  it  in  about 
half  an  hour.  From  a  mixture  of  about  500 
parts  of  alcohol,  and  as  much  add,  about  100 
parts  of  excellent  ether  may  be  pVbcured. 

Nitric  ether  in  its  ordinary  state  is  a  liquid 
of  a  yellowish-white  colour.  It  has  an  Qfk»ur 
analogous  to  that  of  the  preceding  etliera,  but 
much  stronger,  so  that  its  inhalf^on  into  the 
nostrils  produces  a  species  of  giddiness.  It 
does  not  ledden  litmus.  Its  taste  is  acrid  and 
Imming.  Its  sp.  gr.  is  greater  than  that  of 
alcohol,  and  leas  tM  that  of  water.  It  boiU 
at  70<*  F-9  oi^  ^  th<^t  temperature  sustains  a 
column  equal  to  30  indies  ormercury.  Poured 
into  the  hand,  it  immediately  boilsi  and  create 
considerable  cold»  It  is  suffidflat  to  grasp  in 
our  hands  a  phial  containing  it,  to  see  bubbles 
immediately  escape.  It  takes  fire  very  readily, 
and  bums  quite  away,  with  a  white  flame« 

When  agitated  with  25  or  30  tunes  its 
weight  of  water,  it  is  divided  into  three  por^ 
tions.  One,  the  smallest,  is  dissolved;  an- 
other is  converted  into  vapour;  and  a  third  is 
decomposed.  The  solution  becomes  suddenly 
acid;  it  assumes  a  strong  smell  of  apples;  and 
if,  after  saturating  with  potash  the  add  wliich 
it  oontaios,  it  be  subjected  to  distillation,  w« 
withdraw  the  alcohol,  and  obtain  a  residue 
formed  of  nitrate  of  potash.  We  see  here  that 
these  is  a  separation  of  one  part  of  the  two 
bodies  which  constitute  the  ether,  heh  to 
itself  in  a  well  stopped  botdc,  the  ether  suffers 


a  spontaneous  change;,  for  it  beoomes  pesDep- 
tibly..add.  By  distillation,  add  is  instantly 
developed,  which  shows  that  heat  &voiin  its 
decompositioa.  If,  instead  of  exposing  the 
l^c  ether  to  a  distilling  heat,  we  make  it 
traverse  jin  ignited  tube,  it  is  completely  de- 
composed. 41.5  parts  of  ether  thus  deoom- 
posed  yield^  5.63  water,  containing  a  littk 
prussic  add;  0.40  of  ammonia;  OJSO  oil; 
0.30  of  charcoal;  0.75  carbonic  add;  29.^ 
of  gases,  formed  of  deutoxide  of  aaote,  aaota, 
sulphuretted  hydrogen,  and  oxide  of  ctabat^ 
The  loss  Mfiounted  to  ^72, 

It  is  very  slowly  decomposed  by 
When  combined  with  nitrous  aad 
acetic  acid,  so  Intimate  a  union  is  < 
that  in  makhig  the  compound  pasa  through 
the  most  concentrated  alkaBs,  otnly  a  smaD 
portiAn  of  its  acid  is  separated.  Nitric  ethac, 
^om  its  great  volatility,  quintapleithe  voiume 
of  oxygen  gas  at  ordinary  tcmperatuzcL 

We  poswss  no  exact  analysis  of 
ether. 


Hydriodk  ether,  M.  Gay  Lusaac^  to  whom 
the  formation  of  this  ether  is  due,  <mtained  it 
by  mixing  together  equal  bulks  of  alcohol  aad 
a  coloured  hyddodic  add,  sp,  gr.  1.700,  dis- 
tilling tlie  mixture  by  the  hMt  of  a  water  badt, 
and  diluting  with  water  the  prodnct  whidi  gra- 
dually collects  in  the  recdhrer.  Tht  ether  pre- 
cipitates in  the  form  of  small  globules,  which 
have  at  first  a  milky  aspect,  but  which  by  their 
union  form  a  transparent  liquid.  It  is  puified 
by  repeated  washings  with  watec^ 

This  ether  does  not  redden  litmus;  itsBneO 
is  Krongy  and  analogous  to  that  of  the  reM. 
Its  sp.  gr.  is  1.0206  at  72«  F.  It  aaBanes  in 
the  course  of  a  few  days  a  rose  cokMur,  whid 
beoomes  no  deeper  by  time,  and  which  mer- 
cury and  potash  instantly  lanove,  by  aetaiiig 
the  iodine  which  occasions  it. 

Hydriodic  ether  boils  at  \»  F.  At  or- 
dinary temperatures,  it  does  not  kindle  by  the 
approach  of  a  lighted  taper  to  its  mnfisoe,  but 
omy  exhales  purple  vapoon,  when  pooied 
drop  by  drop  ^  burning  coals.  Potpuiun^ 
ke^  in  it,  without  alteration.  Potash  does 
not  instantaneously  change  it.  The  same  rukj 
be  said  of  nitric  and  aolphiuaus  adds,  as  wdl 
as  chlorine.  By  pafitng  it  thrinuhpan  incaa.. 
descent  tube,  it  is  converted  into  a  carbmetted 
inflammable  gas ;  into  dark  brown  hydriodic 
add;  intocharcoal;  and /occu^  whose  odour 
is  ethereous,  and  wUch  M.  6avX<tiiteac  con.. 
siders  as  a  sort  of  ewer,  formed  of  hydriodk 
acid,  and  of  a  vegetable  product  difierent  from 
alcohol.    Thfise  ^es  mdt  in  boSing  i 


and  assume  on  cooling  the  trsQ|Baraicy  and 
colour  of  wax.  They  are  much  less  ledatilc 
than  lu|driodic  ether,  and  evolve  much  moie 
iodine  when  projected  on  glowing  coak. 

Eihen  from  vegeiabk  acids.  Almost  all 
the  vcjgetaUe  adds  dissolve  in  alcohol,  and 
sepamle  from  it  again  bv  distilktioD,  vithoiU 
any  peculiar  product  bdog  fonnedi  lipiwrer 
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/reqnentlf  We  act  upon  the  same  qiiantitjr  of 
acid  and  alcohol.  Such  is  the  case  at  least 
vUh  the  tartanp,  eitiic,  maUc,  benzoic,  oxalic, 
and  gallic  add.  But  this  cannot  be  said  of 
the  acetic  The  action  of  thia  add  on  alcohol 
ia  sadi,  tbatb^  means  of  repsated  distillationa, 
the  two  bodies  disappear,  ancfoim  a  tnie  ether  ; 
vfacnoe  it  haa  been  inferred  by  M.  Thenard, 
that  this  flnid  ia  probably  the  only  one  of  the 
Tegetable  aeids  at  praent  knovn,  which  can 
exhibit  by  itself  the  phenomena  of  etherisation. 
But  if  instead  of  putting  the  vegetable  adda 
alone  in  contact  with  aleobol,  we  add  to  the 
DuxtUTs  one  of  the  eoneentrated  mineral  adda^ 
we  can  then  prodow  with  aeveral  of  them 
compounds  amdogous  to  the  preceding  ethers 
The  minerai  add  probably  acta  beie  by  cPO- 
densmg  ihe  al«i|ioL,  and  devatia^  the  tern. 
poatne,  to  such  a  degree  as  to  detenninatbe 
reqoisfcte  chenical  rcaetioiu 

Acetic  ether  was  dhtooTeied  by  Schede,  bht 
first  aceufUtahr  examined  by-  M*  Thsoard. 

Take  100  parlk  of  rectified  alcohol,  03  parts 
of  concentiated  acetic  add,  17  parts  of  aol- 
pburie  add  of  commerce.  After  having  mixed 
the  whole,  iotiiMince  them  Into  a  taboiated 
giaas  aetort,  cdBKCted  with  a  >rge  globular 
mdver  snnoandcd  with  cold  water.  On  i^ 
plying  heat,  the  iiqnid  enters  into  ebullition ; 
and  when  128  parts  of  ether  have  passed  over, 
the  process  noay  be  slopped.  To  render  it  per. 
fedly  pure,  we  have  only  t#pUK%  it,  for  half 
an  hour,  in  contact  with  lOor  12  parts  of  the 
caustic  potaah  af  the  sipotheeaiy,  in  a  corked 
phial,  and  to  agitate  ftom  time  to  time.  Two 
strata  wiU  form;  the  undennost  thin,  com- 
VokA  of  potaah  «Ml  acetate  of  potash  dissolved 
in  water;  the  uppennost  much  mote  con* 
ndoshle,  ootisisting  of  pure  ether,  which  may 
he  tepaaatrd  by  a  long^neeksd  lumd.  Tlie 
■ulpoiiric  add  does  not  entar.at  all  into  the 
conpodtion  of  tUa  ethsr.  Tt  merdy  fiivoun 
th«  Kaetisn  of  the  alcohol  and  acetic  add. 
This  mods  is  mndi  better  than  the  old  on«,  of 
disdUhig  BMnv  tfanes  over  the  same  mixwnr  of 
*<^c  add  andaleohoL  Or  we  Bayobtain  an 
^oelknt  acetic  ether,  very  eooiKuniially,  by 
^'^og  S  parte  of  acetate  of  potmh,  3  of  con^ 
catiated akohol,  and  2  of  od  of  vitriol;  hi. 
tiDdnd^  the  vdzture  into  a  tubuUted  retort, 
I  vod  diatqlhig  to  psdect  dryness ;  dien  mixing 
t^piodact  with  the  liftKfart  of  its  weight  of 
^il  of  vitriol,  and,  by  a  careful  disHltotioa, 
*'**higoffas  much  ether  a»  there  was  alcohol 
anplayed. 

Acetic  ether  h  a  colourless  Iiqnid,  having  an 

^gl^eaUe  odour  of  sillphvric  ether  and  acetic 

JJ^   It  does  aot  redden  Htronspaper,  or  tinc- 

™>e  of  insole.    Its  taste  is  peodhur.    its 

h    >^gr-isa806,at44Ji»F. 

Unda  the  ordinary  atmospheric  piessuM, 
M-?5*  *■*•  drolKtion  at  160*  Fahr.  A 
Vted  ta|ier  bconght  near  its  sudaoe  «t  sidi- 
^^noBsratmssiets  fin  to  it,  and  it  bums 
^^^#n#i-«hiltlune.    Acetic  add  is 


deveioped  in  the  combustion.  It  is  not  changed 
by  keqiing.  Water  at  62«  dissolves  7i  puts 
of  its  weight.  When  thus  dissolved  in  water, 
it  exerdses  tM>  action  on  litmus,  and  it  pre- 
serves its  characteristic  odour  and  taste.  But 
when  this  solution  is  put  in  contact  with  the 
half  of  its  weight  of  caostic  potash,  its  odour 
and  taste  disappsar.  It  is  now  compktdy 
decomposed.  Hence,  if  we  submit  this  liquid 
to  distiUAdoB,  akohol  passes  over,  and  acetate 
of  potash  remaiDs.  Acetic  ether  is,  like  aO 
the  otlms,  very  soluble  in  alcohol,  and  se. 
parable  horn  alcohol  by  water.  Its  oth« 
properties  are  unknown.  It  is  used  onty  ixt 
menirinc,  asan  exhilarant  and  diuretic. 

Benzoic  elher.  The  presence  of  a  mineral 
add  ts  iodifipensable  to  U$  formation,  as  wdl 
aathat  of  the  remaining  vegeUble  etherSb 

Take  30  parts  of  bensoic  acid,  00  of  al« 
cohol,  15  of  strong  muriatic  acid«-  Intraducs 
these  ingredients  mixed  together  into  a  ta- 
bulated retort,  and  iUstfl  into  a  lefrigerated 
reodver,  stoppuig  Ihe  opentisn  when  two* 
thirds  liove  passed  over.  Atmosfdierical  air, 
and  traces  of  muriatic  add,  are  the  onlv  gas- 
cans  products.  The  first  portion  of  the  liquid 
is  akohol  chvgsd  with  a  llttk  acid,  but  the 
last  will  contain  a  certain  quantity  of  benide 
ether,  which  is  easily  aoaiihle  by  water.  A 
bOjger  quantity  of  thn  etner  reooains  in.  the  re- 
tort, covered  by  a  pretty  thick  stratum,  con. 
dbtiag  of  alcohAl,  water,  muriatic  and  benzoic 
acids.  By  repeatad  affbsiSDS  of  hot  water  into 
the  retort,  this  stntum  will  be  finally  dissolved. 
It  is  ei«y  thus  to  procure  bcnsoic  ether.  But 
as  so  made,  it  fs  alirm  contanunated  with  a 
portion  of  bcnsoic  add,  wfakh  renders  it  so- 
lid at  ordinary  tempemtures,  and  makes  it 
act  on  litmus.  It  may  be  Burifled  by  sgita- 
tion  with  a  small  quantity  of  alkaline  solutiaDr> 
and  subsequent  washing  with  watsr.  There  is 
no  muiiatie  add  found  in  this  purified  ether. 

Ether sf  rem  oxtMcacid^  citric^  ^c  When 
we  make  a  solution  of  30  parts  of  oxalk  add 
Vf^  pstfta  of  pure  alcohol^  and  hating  added 
10  parti  of  oil  of  vidioL,  we  subject  the  whole 
to  distjllatisa  till  a  llttk  sulphuric  ether^begma 
to beformed,  we  shall  find  that  nothing  but 
alcohol  slightly  etherized  has  passed  into  the 
reedver,  and  there  remains  in  the  retort  a 
browiMxdoursd  stioo^y  add  liquor,  from 
which,  on  cooling,  crystak  of  oxalk  add  fall 
down.  But  wiien  we  dilute  the  residual  liquor 
with  water,  a  matter  ia  separated  sfanilar  to 
what  the  beniok  add  yielded,  scarcely  soluhk 
in  water,  verv  abundant,  and  whfdi  k  obtained 
pure  by  wasbkg  it  with  cold  water,  and  re- 
movkg,  by  a  littk  alkali,  the  excess  of  add 
wliich  it  retains. 

If  we  treat  in  ihe  same  way  die  dtric  and 
mslk  adds,  we  obtain  dmilar  products.  The 
three  substances  resulting  ftom  these  three 
adds  have  analogous  properties.  They  are 
all  ydlowish,  somewhat  heavier  than  water, 
void  of  smell,  perceptibly  sduble  in  watsr, 
o  o2 
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and  very  tolubU  in  atoohol,  from  which  fhej 
are  piecipitated  by  water.  They  dillk  from 
each  other  in  taste.  That  made  from  ozalk 
acid  is  faintly  astringent ;  that  ftom  the  citric 
add  is  very  bitter.  The  fint  is  the  only  one 
which  is  Tolatile ;  it  is  vaporized  with  boOing 
water,  and  by  this  means  it  is  easily  obtained 
white.  When  heated  with  a  tolution  of  caustic 
potash,  they  are  all  three  decomposed,  and 
^idd  alcohol,  along  with  their  peculiar  adds ; 
hvLtno  trace  of  salphnric  add. 

Tartaric  acid  is  also  susceptible  ot«ombin. 
iog  with  alcohol  like  llie  preceding  adds.  But 
it  presents  some  eurious  phenomena.    The  ex. 

r'mtnt,  of  ili  formation,  must  be  conducted 
the  same  way  as  with  oxalia  add.  We 
must  employ  80  parts  of  tartaxic  add,  36-  of 
aloohoV  10  of  oil  of  vitriol,  and  distanhe 
mixture  tffl  a  little  sulphuric  ether  begins  to  be 
formed.  If  at  diis  period  we  withdraw  the 
heat  from  the  retort,  the  liquor  will  assume  a 
syrupy  consistenot  by  oioling.  But  in  vain 
shall  we  pouf  in  water,  m  hope  of  smarating, 
as  in  the  preceding  cases,  a  peculiar  fbmbina- 
tion  of  the  vegeuble  add  M  alcohol  But 
let  us  add  by  degrees  solution  (Ssf  potash,  we 
iftiall  throw  down  much-cream  of  tartar;  then, 
after  having  just  saturated  the  redundant  add, 
if  we  evaporate  the  liquid,  and  pmt  it  m  the 
cold  with  very  pure  ucohol,  we  shall  dbtdn, 
by  evaporation  of  the  alcobolafi  solution,  a  sub- 
stance  which,  on  cooling,  w!0  become  moce 
sympy  than  the  matter  was,  before  being 
treated  with  potash  and  ald&hol.  This  sub* 
stance,  which  is  easily  prepared  in  cofMeiable 
quantity,  has  a  brown  ootour,  \nd  a  vety  bitter 
and  slightly  nauseous  taste.  It  is  void  of 
smell  and  addity,  and  Is  very  soluble  in  water 
and  aloohoL  It  does  notpiedpitate  muriate  of 
lime,  but  copiously  the  muriate  of  barytes. 
When  cddoed  it  difltwetf  dense  fnme^  whkh 
have  the  odour  of  garlic,  and  at  the  same  time 
it  leaves  a  charooolv  reddue,  not  alkaline,  eon- 
taining  much  sulphate  of  potash.  Finally,  if 
distilled  with  potmh,  it  is  resolved  into  a  itar 
strong  alcohol,  and  mudi  tartrate  of  potask 
Thisiubstanoe  is  thereftne  a  oomUPAtion  ana. 
logons  to  the  preceding.  But  whAt  is  pmnliar 
to  it  is  its  syrupy  state,  and  tlie  pioperty  it 
possesses  of  rendering  soluble  in  the  most  eon- 
oentrated  alcohol  the  sulphate  of  potash,  which 
of  itself  is  insoluble  in  ardent  spirits^  It  la 
perhaps  owing  to  this  admixture  of  sulbhate  of 
potash,  that  it  wants  the  oily  aspect  bloogiag 
to  all  die  other  oombinationo  of  this  genua. 

These  vegetable-add  edien  may  be  consi. 
deredddicr  as  compounds  of  add  and  akohol, 
or  ofths  ultimate  coDOtitiiats  of  the  Ihnncr 
with  those  of  the  latter. 

BkOtphorie  amd  orsrfrie  effiert  are  mode 
£fom  phoaphoric  and  arsenic  addo,  and  ilcoboL 
They  difler  in  no  respect  ftom  sulphuric  edbcr. 
BonUUy^  Jovmai  de  Pharm,  torn,  i.,  and 
LoMmi^^e^  Ann,  dc  Chim,  ft  de  Phyt,  torn. 
Aiii,294. 


ETHIOPS  (MARTIAL>    Blade  aside 

ETHIOPS  (MINERMi).  Thm  black 
sulphuret  of  mercury. 

ETHIOPS  PER  6E.  Black  oxi&  of 
mercury,  formed  by  agitation  with  aooess  of 
air.     Tlie  temi  is  obsolete. 

EVAPORATION.  A  diemicaloiientioii 
usually  pttformed  by  applying  heat  to  anj 
compound  substance,  in  order  m  aeponie  the 
volatile  parts.  It  diffins  from  diatillation  in 
its  object,  whidi  chiefly  consists  in  ntcoernng 
the  more  fixed  matters,  while  the  votatflesab- 
stances  are  disdpated  and  looL  And  the 
vessdaare  aooordmsly jfUflbient  $  cvaposstian 
bdng  oonsmooly  made  m  open  diallow  vfaMis, 
an4  distillatfon  in  an  apparatoa  noariy  dosed 
from  the  external  air. 

Jliedegree  of  beat  most  be  duly  regnlsled 
in  ev^Knation.  jthen  the  fiaed  and  mote 
vSlatile  matters  do  not  greatly  dSi^Ba  m  tfadr 
triadency  to  fiv  o&  the  best  must  he  vqytoie- 
fully  adjuated ;  Wt  in  others 


As  evaporation  consists  in  the 
of  the  danic  ftim,  its  rapidity  will  be  k 
jwoportion  to-^e  degree  of  hmt,  and  the  dbai- 
nution  of  the  pressure  of  the  atmosphere.  A 
current  of  air  is  likewise  of  aervioe  in  dm 


In  treoting  of  alum,  I  alluded  m  a  method 
of  evaporating  Mfwn  latdy  introdnoed  Into 
large  manunctOnes.  A  wateiutight  otooe 
dsteni,  about  three  o^ter  feat  braodt  two  feet 
deep,  and  20,  SO,  or  40  feet  long,  is  ooveicd 
above  by  a  liw  bride  iffch.  At  one  exbemlty 
oflhis  tunnd  agrate  is  boill^  and  atnho other 
alofty  chimney.  Mlien  the  dsteni  ia  filled, 
andasteBpgfire  kintled  in  the  lateriiesni— y 
grate,  ih  flame  and  hot  air  sweep  aloi^  the 
•urfaoe  of  the  )lqnor,  mise  the  tempenttnre  of 
the  uppcnnost  strataoB,  alasoM  inoiaiitly^  to 
near  die  boiling  pobt,  and  draw  it  off  is 
tvajour.  The  great  extent,  mpidtty,  mid 
"eooDorovcf  this  proeea,  recommend  it  to  ge- 
neral adoptieB  on  the  laige  acale^ 

Mr.  JUrry  hm  latdy  obtained  a  patent  for 
"m  apparatus  by  which  vegetable  extrada  for 
•the  apothecary  miy'be  made  at  a  voy  gentle 
heat,  and  in  oocao.  From  these  two  Guomn- 
stanees,  extiacta  thus  prepeied  diSa#om  tbov 
in  common  uoe,  no^  oohr  in  their  pKvsical^but 
medidasl  pnpertiei.  The  taate  and  smdl  of 
fhe  extract  of  hemlock  mad^  in  this  wa^  aie 
remarkably  difibent,  as  i^tfie  odour  both  of 
(he  lAible  and  feenlent  parts.  The  fbnn  of 
apparatus  is  as  foUoIrs  v^ 

The  evapontmg  nan,  or  ifiU,  ia  a  hemi- 
spherical disb  of  cast-mm,  pohshed  en  itsimMr 
sw^oo,  and  fnmiabid  widi  an  air.C%fat  flat 
m  FimntheceiMreofthiaapiperiaea,  and 
bendfaig  like  the  nedc  of  m  retott,  ttlbsmss 
dediidng  tidie,  whidi  tennfaMtfeo  m  a  copper 
sphere  of  a  cspodty  thma  (fmnr?)  thnet 
greater  than  that  ofr.he  atilL    Thsif  ,n  a  stop- 
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eock  €0  tiiat  pipe,  midwAj  between  the  itOl 
■nd  the  globe,  and  another  at  the  under  aideof 
the  latter. 

The  maimer  of  aeiting  it  to  work  is  this  :«— 
The  juice,  or  inftjston,  is  introduced  through 
a  large  opening  into  the  polished  iron  still, 
which   is   then  dosed,  nmde  air-tiffht,   and 
eovered  with  water.    The   slop-eoa  which 
leads  to  te  sphere,  is  slso  shut.    In  order  to 
produce  the  Tacuum,  steam,  from  a  separate 
apparatus,  is  made  to  rush  by  a  pipe  through 
the  sphere,  till  it  has  expelled  all  the  air,  tor 
which  Ave  minutes  sre  eommonly  sufficient. 
This  is  loiown  to  be  effected,  by  the  steam 
issuing  unoondense^    At  that  instattt  the 
copper  sphere  is  dosed,  the  steam  shut  ofi^  and 
cola  water  admitted  on  its  eztemal  sudhoe. 
The  v^uum   thus  produced  in  the  copper 
•phere,  which  contains  four-fifths  of  the  air  of 
the  whole  appamtus,  is  now  partially  trans- 
ferred to  the  still,  by  opening  the  intermediate 
stop-oockiv    ^^"f  fouX'^flhB  of  the  air  in  the 
still  mshrinto  tte  sphere,  and  the  stop*oock 
being  shut    again,   a  second  exhaustion  is 
cffecied  by  steam  in  the  same  manner  as  the 
first  waa ;  a6pr  which,  a  momM^^rf  commu- 
lucation  is  agun  allowed  between  the  iron  still 
and  the  receiver ;  by  this  means,  four-fifths 
of  the  air  remaining  after  the  former  ck- 
fasnstion,  are   expeUed.    These  exbanstionsp 
Rpeated  five  or  six  times,  are  usually  found 
safBcieot  to  raise  the  mercwial  coluna  to  the 
hdght  of  28  inches.  The  water  bath,  in  whkh 
the  iron  atill  is  immsned,  is  now  to  behead, 
until  the  fluid  that  is  to  be  hispssated  begins 
tobtnl,  which  is  known  by  inspection  through 
s  window  in  the  apparatus,  made  byfastttiins 
on,  air-tight,  a  piece  of  very  strong  ^ass;  and 
the  temperature  at  wUdi  the  boiling  pomt  is 
kept  up,  is  determined  by  a  thermome^. 
EbuUUkm  ia  contiDued  until  the  fluid  is  hi* 
spisasted  to  the  proper  degree  of  consistence, 
which  also  is  ti&erably  judged  of  by  its  ap. 
pearsnee  through   the  glasa  window.  ^Tfae 
temperature  of  the   boinng  fluid-  is  utnally 
about  100»  F.,  but  it  might  be  reduced  to 
neariyOOo. 

In  the  autmnn  of  1881,  MrJ  Barry  showed 
M.  Clement  and  myself  the  details  of  his 
cvaporatoiy  apparatus,  with  the  ingenuity  and 
I  pef&ri^aice  of  which  we  wevehigUy  satisfied, 
^^amtag  sfaMe  thaijbe  had  made  some  fhrdier 
lAprovemcnta,  I  solicited  him  to  i^TOur  me 
▼hh  a  description  and  drawing  of  its  prestat 
Jins  for  inserdoft  in  the  sraond  edition  of  this 
I  IHetboary ;  with  which  request  he  polAely 
complied. 

In  the  Medioo-ChiruigicalTrsnsactioDs  for 
1819, (toL  x.)therei8a  paper  br  J.  T.Bairy 
j  mk  anew  method  of  pmaring  Pnarma^itical 
Extiacts.  It  consists  m  performing  the  eva. 
Pintion  fti  MMWO.  For  tSli  porpose  he  em- 
Hored  apparatus  i^iich  was  found  to  nswsr 
w>  wdl,  that,  rniiinnpbdng  its  applieatkn  to 
*uicr  nnuittfactares,  j    was  induced  to  tak« 


out  a  patent  for  it,  that  is  to  say,  Jbr  thg 
apparatut.  As  it  has  been  enoneoody  sup- 
posed that  the  patent  is  for  preparing  extracts 
in  vacuo,  it  may  not  be  improper  to  correct  the  ] 
statement  by  a  short  quotation  from  the  above  ' 
paper.  ^^  On  that  account,  I  have  been  in- 
duced  to  take  out  a  patenifor  it,  (the  apparatus). 
It  ill  however,  to  be  recollected  by  thii  society, 
that  I  have  declined  having  a  patent  for  its 
pharmaceutical  products.  Cheraista,  desiroos 
of  inspissating  extracts  in  vacua,  are  therefore 
at  liberty  to  do  it  in  any  apparatus  differing 
fipom  that  which  has  been  made  the  subject  of 
my  patent;  and  thus  these  substances  may 
continue  the^object  of  fair  competition  as  to 
quality  and  price.*' 

The  apparatus  combines  two  striking  im- 
provements. The  first  consists  in  promacing 
ajmcuum  by  the  sgency  of  steam  onlyy  so  that 
the  use  of  air'4>umps  and  the  madiinery  re- 
quisite for  working  them,  is  superseded.  This 
is  effiscted  on  the  same  Principle  as  in  the 
steam-engine,  the  filling  of  a  given  space  with 
steam^iSDd  then  condensing  it.  By  a  subse- 
quent improvefllsnt,  the  two  <^)erations  of 
heating  and  cooliog  are  carri#i  on  at  once,  by  . 
means  of  two  cylinders.  The  movement  of  a 
sliding  valve,  which  serves  to  open  and  shut  the 
respective  passages,  .causes  these,  exhausting 
tylinden  to  alternately  communicate  with  tlw 
apparatus,  an4  quickly  produce  the  vacuum  ; 
when  the  steam,  being  no  longer  required  for 
the  same  purpose,  is  employed  as  the  heating 
medium. 

Ttsibthc  improvement  is  a  contrivance  for 
superseding  the  isiieftiin  of  water  during  the 
ptooess  of  evaporation  in  vacuo.  Injection  has 
some  serious  disadvanti;ges ;  it  introduces  air, 
an<t  quickly  fills  up  the  exhausted  vesseb  with 
water.  Hence  it  u  necessary  to  keep  pumps 
constantly  in  action,  and  this  cannot  be  done 
without  an  enortnons  expenditure  of  power, 
becauae  they  ara  counteracted  by  the  atnoo- 
spheiic  pressure.  The  method  recommended 
By  J,  T.  Barry^evoid  of  these  inoonveniencies,  m 
teifects  quite  as  qfleedily  the  condensation  of 
vapour,  bjy  cold  externally  applied  to  a  part 
denominated  the  r^frigeraior,  which  stands 
unmeiaed  in  water.  He  tirects  a  thu  sheet 
of  metal  to  be  bidented  all  over  at  suitable 
distances,  so  as  to  vproduoe  on  its  opposite 
surface  regular  series  of  cowexities.  It  is  then  « 
hod  on  a  sheet  of  j^he  same  sise,  and  the  two 
>being  Jn  contact  at  fte  summiu  of  the  oonvex- 
*fties,  are  approximated  and  soldered  together 
at  the  edges  of  the  sheets  all  round,  resorvmg 
an  aperture  at  the  upper  part  for  the  admission 
of -vapour,  and  another  at  the  lowest  ^point  for 
ita  escape  when  reduced  to  fluid.  This  dt- 
^ription  of  the  refrigerator  will  be  understood 
on  reference  to  PUte  X.  fig.  2 ;  but  the  spe- 
cification of  the  patent  describes  various  other 
methods  of  effecthig  the  same  object,  taking 
for  ita  principle,  the  '*  letting  the  two  sidesef 
the  re&igerator  rest   against  each  other  at 
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numerous  paits,  (cither  immediately,  or  bj 
the  roedlttm  of  one  or  more  interposed  bodies)^ 
«o  that  they  sbsll  not  colhpte  entirely  when 
the  idrigenttor  is  exhausted- of  air/* 

Having  given  a  particular  description  of  the 
■efiigeiator,  and  the  mode  of  exhaosting  the 
apparatus,  a  few  words  will  suffice  to  explain 
the  other  parts.  Plate  VII.  fig.  1.  shows  one 
of  die  ev^Ksating  vessels  A,  with  its  dstem 
By  and  Kfidgerating  plates.  The  dstem  is 
kejpt  oool  after  the  manner  of  a  distiller's  worm- 
tub.  The  evapozating  vessel  is  furnished  with 
Beteral  appendages,  luch  as,  the  charging 
measure  c,  and  disdu^giog  pipe  d,  which  is 
flEtoved  perpendicularly  by  its  lever ;  man-hole 
g,  and  chamber  j^  for  catching  any  fluid  that 
aay  chance  to  boQ  over :  it  is  surrounded  at 
the  lower  part  with  a  steam-case  e,  for  boiling 
its  contents.  There  is  also  a  vacuum-gauga, 
'6cc.  not  delineated  in  the  section.  Thus  far 
the  amagement  does  not  differ  materially 
from  that  adopted  hjy  die  sugar.refiners  manu. 
factuiing  under  Howard's  patent. 

A  pipe  m,  passing  from  the  chamber/,  into 
the  dstem,  gives  origin  to  several  refrigerating 
plates,  (seven  Ui  the  present  instance),  which 
nave  their  lower  o^^smities  terminating  in 
anodier  pipe  n.  T^e  transverse  section  in 
fig.  1.  exhi  vts  these  [dates  upright  and  paralld 
with  each  other  in  the  cold  water  cistern; 
they  ocoupv  very  Uttlc  room,  and  may  there- 
fore  be  multiplied  to  an  indefinite  number,  to 
iunaiflh  a  pn^rtionate  quantity  of  cooling 
surface.  On  entering  these,  the  vapour  is  in- 
standy  condensed,  and  dropping  into  the  lower 
pipe,  is  conducted  t<^  a  eyliMrical  recaver, 
ahown  by  the  transverse  section  h.  It  is  of 
sufficient  capadty  to  collect  all  the  fluid  con. 
densed  during  the  process. 

Fig.  3.  represents  a  series  of  evaporators 
(drawn  to  half  the  scale  of  fig.  I.)  as  arrani^ 
fat  a  sugar-house.  It  will  be  observed,  diat 
one  long  dstem  serves  far -the  whole,  and  it 
may  be  situated  out&ide  the  walls  oi  the  build- 
ing. A  sing^  pair  of  exhattstmg  steam-cy. 
linders,  (which,  being  under  the  astern,  are 
not  seen  in  the  sketch),  answers  for  any  num. 
ber  of  evaporators,  having  with  each  a  separate 
connexion,  that  is  shut  or  opened  at  pleasure 
by  a  sliding  valve. 

We  shaU  conclude  the  aceeuDt  of  this  in- 
vention with  Mr.  Barry's  summary  remarks, 
inserted  in  die  Repertoiy  of  Arts  at  the  time 
the  editon  of  that  woik  published  the  ^»ecifi. 
cation. 

*^  The  apparatus  described  in  the  preceding 
specification  is  applicable  to  some  manufac- 
turea,  where  the  substanees  operated  upon 
sufl*er  injury  in  die  procen  of  boiling,  but 
espedally  to  sugar;  and  it  is  particularly 
worthy  the  notice  of  diose  augar-refinen  who 
may  be  likdy  to  adopt  the  use  of  Howard's 
patents,  as  it  will  anord  them  some  very  im- 
portant advantagea. 

^'  The«  advaatagea  priadpally  consist  in^ 


<^  Pint,  The«#iaa  eiM  of  the  afpantu*,'  m 
airmpuNtpi  OK  other  madunery  being  neees> 
sary. 

'*  Secondly,  The  saving  of  large  anuuaf  rr- 
fCfuef,  hitherto  incurred  for  suj^^img  pofarr 
to  work  the  heavy  machioeiy  attached  to  the 
pumps. 

^«  Thirdly,  Expeuive  r^aics  Avoided,  as  a 
consequence. 

^^  Fourdilv,  Danger  of  derangonent  sod 
suspension  of  work  avoided,  as  anothtf  ooosfr- 
quence. 

"  Fifthly,  A  laige  mv'mg  sfwtitr^  by  die 
use  of  a  peculiar  refrigerator,  which  oonsti. 
tutes  Hue  of  die  improvements  of  this  patent 

''  SixOily,  The/act/tty  with  whidi  the  m- 
cuvm  it  ebtained ;  the  operation  being  com- 
pleted  in  less  than  five  minutes^  and  taquiriflg 
no  repetition:  And  the  perfeetim  of  the  va- 
cuum ;  the  patentee  hi  his  experimencs  having 
bo^  syrup  at  even  lower  temperatures  than 
are  provided  for  hi  (be  scale  adopted  by 
Howard.** 

In  the  dxth  volume  of  the  Annals  of  Phi- 
losophy, Dr.  Proat  baa  deseribed  an  ingenioas 
apparatua,  by  mfans  of  which  be  can  svbject 
aubalaooes,  which  he  wishes  thoroughly  to 
dry,  to  the  influence  of  a  gentle  heat,  canjoiAed 
with  the  desiccating  power  of  sulphurie  add 
on  bodies  placed  in  vacuo.    See  Cov^bla- 

TIOW. 

From  M«  Biot*a  report,  it  aeema  to  have 
been  ascertained  in  some  French  manuQurto- 
riea,  that  evaporation  goes  on  mora  rapidly 
from  a  liquid  boiling  in  a  covered  vessel,  fiora 
the  top  of  whieh  a  pipe  ihsues,  than  when  the 
liquid  is  freely  exposed  U>  the  air  ;  the  Aid  or 
lieat  applied,  and  extent  of  aurfaoe,  behig  the 
same  in  both  cases. 

EUCHLORINE.   Protoxide  of  chlarine. 

KUCLASE.    Pri^matie  EmenkL 

EUDIALITE.  A  mineral  belonging  to 
the  tessular  system  of  Mohs.  Cleavage,  octo- 
hedraL  Brownish-red  cdouf.  Sp,  0r.  2.8to 
^fS.-^Stromcyer, 

EUDIOMETER.  An  instrument  ibr 
ascertaining  the  purity  of  air,  or  rather  the 
quantitv  of  oxygen  oodtained'ln  any  given 
bulk  of  eUttUc  fluid.  Dr.  Prieadey'a  discoveiy 
of  the  great  readiness  with  which  nitrous  gas 
combines  with  oxygen,  and  is  predpltBied  in 
the  form  of  nitric  aad,'*-«ee  Acid  (NtTsic), 
--was  the  basis  upon  which  he  coostrucled 
the  first  instrument  of  this  kind. 

His  method  watvcry  simple :  a  glass  vessel, 
conuining  an  ounce  by  measure,  waa  filled  widi 
the  air  to  be  examined,  which  Was  tranafinred 
from  it  to  a  jar  of  an  indi  and  a  half  diameter 
inverted  in  water ;  an  equal  measure  of  fiesh 
niUoHs  gas  was  added,«>  it ;  and  the  mistun 
waa  allowed  to  stand  two  minutes.  If  the  ab- 
sorptiflD  wereveiy  conaiderahloi  SMK  nitrous 
gaa  waa  added,  tiU  aU  the  oxygen  appeared  to 
be  absorbed.  The  reddual  gaa  was  then  tnuuu 
iened  hito  a  glasi  tube  two  feet  long,  and  one- 
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thiid  of  an  inch  Ade,  graduated  to  teatha  and 
faundredths  of  an  ounce  measure ;  and  thn8  the 
quantity  of  oxygen  absorbed  waa  measuzed  by 
the  dinuDution  that  had  taken  place. 

Von  Humboldt  proposea  that  the  nitxoua 
gaa  ahould  be  examined,  before  it  ia  used,  by 
agitating  a  given  quantity  with  a  solution  oif 
aulpfaate  of  iron. 

Sir  H.  I>avy  employs  the  nitrous  gas  in  a 
difiecent  manner.  He  passes  it  into  a  saturated 
solution  of  green  muriate  or  sulphate  of  iron, 
which  becomes  opnque,  and  ahnost  black, 
when  fully  impregnated  with  the  gas.  The 
air  to  be  tried  is  contained  in  a  small  graduated 
tube,  largest  at  the  open  end,  which  is  iotro. 
duoed  into  the  solution,  and  then  gently  in* 
dined  toward  the  horizon,  to  aceelerate  the 
action,  which  will  be  complete  in 'a  few  mi- 
nutes, to  as  to  have  absorbed  all  the  oxygen. 
He  obaenres,  that  the  measure  must  be  taken 
as  soon  as  this  is  done,  otherwise  the  bulk  of 
the  air  will  be  increased  by  a  slow  deeomfOBi-i 
tioo  of  the  nitos  aid  formed. 

Volta  had  recourse  to  the  accension  of  hy« 
'  drogen  gas.  For  this  purpose,  two  measures 
of  hydrogen  are  introduced  into  a  graduated 
tube,  with  three  of  the  air  to  be  examined)  and 
fired  by  the  electric  spark.  The  diminution 
of  bulk,  observed  after  the  vessel  bad  returned 
to  its  original  temperature,  divided  bv  three, 
gives  the  quantity  of  oxygen  consumed. 

Phosphorus  and  sulphuret  of  potash  have 
likewise  been  employed  in  eudiometry. 

A  piece  of  phospnorus  may  be  introdaced 
by  means  of  a  glass  rod  into  a  tube  containing 
the  air  to  be  examined  standing  over  water, 
and  suffered  to  remain  till  it  has  abbOrbed  its 
oxygen ;  which,  however,  is  a  slow  process. 
Or  a  glaas  tube  may  be  filled  with  mercury 
and  inverted,  and  a  piece  of  phosphorus,  dried 
with  blotting  paper,  introduced,  which  will  of 
course  rise  to  Uie  top.  It  is  there  to  be  melted, 
by  bringing  a  red-hot  icon  ncfur  the  glass,  and 
the  air  to  be  admitted  by  little  at  a  time.  At 
each  addition  the  phosphorus  inflames  (  and, 
when  the  whole  has  been  admitted,  the  red- 
hat  iron  may  be  applied  i^n,  to  ensure  the 
absorption  of  all  the  oxygen.  In  either  of 
these  modes  1.40th  of  the  residuum  is  to  be 
ducted,  for  the  expansion  of  the  nitrogen, 
bv  means  of  a  little  phosphorus  which  it 
•terds. 

Profesaor  Hope  ot  Edinburgh  employs  m 
^cry  convenient  eudiometer,  when  sulphuret 
of  potash  or  Sir  H.  Davy*s  liquid  is  used.  It 
consists  of  two  glass  vessels,  one  to  hold  the 
tolatUm  of  sulphuret  of  potsdif  or  other  eudio- 
I  metric  liquor,  about  two  inches  in  diameter, 
*Qd  three  inches  high,  with  a  neck  at  the  top  aa 
.  u^utii  and  a  tubulure,  to  be  closed  with  a 
<<opplein  the  ode  near  the  bottom ;  the  other 
is  a  tiib^  about  eight  inches  and  a  half  long, 
^th  a  neck  ground  to  fit  into  that  of  the 
^^^^ntr,  Thi«  being  fiJkd  with  the  air  to  be 
^xsBiifled,  and  its  mouth  covered  with  a  flat 


piece  of  glass,  is  to  be  introduced  underwater, 
and  there  inserted  into  the  mouth  of  the  bottle. 
Taking  them  out  of  the  water,  and  inclining 
them  on  one  side^  they  are  to  be  well  shaken, 
occasionally  loosening  the  stopper  in  a  basin 
filled  With  water,  so  as  to  admit  this  fluid  to 
occupy  the  vacuum  occasioned  by  the  absorp- 
tion. '  Bottles  of  mnch  smaller  size  than  here 
mentioned,  which  is  calculated  for  public  eit- 
hibition,  may  generally  be  employed;  and, 
perhaps,  a  gradtiat^  tube,  ground  to  fit  into 
the  neck  of  a  small  phial,  without  projecting 
within  it,  may  be  preferable  on  many  occa- 
sions,  loosening  it  a  little  under  water,  fioife 
time  to  time,  as  the  absorption  goes  on. 

Mr.  Dalton  has  written  largely  on  the  ni. 
trous  gas  eudiometer.  He  says,  that  21  mea. 
sures  of  oxygen  can  vnite  with  3(>  measure, 
or  twice  36  =  72  mcasoresof  nitrous  gas ;  that 
k,  100  with  171.4 or  342&  PhiL  Mag.  vol. 
xxiii.  and  Manch.  Mem.  new  series,  1. 

M.  Gay  Lussac,  in  his.exceUent  memoir  on 
nitrous  vapour  and  nitroas  gas,  has  proved, 
that  lio  confidteoe  can  be  reposed  in  the  d»> 
rections  of  Mr.  Dalton  for  analyzing  gases. 
Nitrous  gas  is  there  fully  demonstrated  to  be 
a  compouid  of  equal  volumes  of  oxygen  and 
azote,  and  the  apparent  contraction  of  their 
vohime  is  null ;  for  100  of  the  one  and  100  of 
the  other  produce  exacdy  200  of  nitrous  gas. 
Nitric  acid  is  composed  of  lOOparla  of  azote, 
and  200  of  oxygen,  or  of  100  oxygen  and  200 
nitrous  gss;  =  (100  o.  +  100  si»).  Nitrous 
vapour,  or,  mote  aocuCMely  speaking,  nitrout 
add  gas,  results  from  the  combination  of  100 
of  oxygen  with  300  of  nitrdus  gan.  Honoe, 
by  giving  predominance  alternately  to  the 
oxygen  and  to  the  nitrous  gas,  we  obtain  300 
of  absorptton  and  nitric  acid,  or  400  oi'ab. 
sorption  and  filfrotif  acid.  Tiie  nitrous  acid 
gas  is  an  identical  compound,  very  soluble  in 
water,  which  it  colours  at  first  blue,  then 
green,  and  histly,  orangc-yello*.  This  liquid, 
with  thi  alkalis,"  Ibrms  nitrites.  These  clear 
and  simple  facts  constitute  tlie  whole  theory 
of  the  formation  of  tlie  nitrous  and  nhric 
acids,  by  means  of  nitrous  gas  and  oxygen, 
and  perfectly  explain  the  mfi'erencds  of  the 
results  of  iffl  those  who  have  operated  with 
them.  We  have  now  only  to  show,  how  we 
may  render  the  use  of  nitrous  gas  perfectly 
accnrate  in  audiometry. 

It  irttated  above,  that  we  obtain  nitric 
•cid  and  an  abeonlion  represented  by  three, 
or  nitrous  add  pna  a  diminution  of  volume 
represeated  by  four,  every  time,  according  as 
the  oxygen  ot  nitious  gas  piedoniinates  in 
the  mixture  of  these  two  gases.  Now,  since 
the  object  is  to  withdraw  the  whole  oxygen 
horn  air,  we  must  add  the  nitrous  gas  in  ex. 
cess  to  it,  and  cause  thus  a  diixdnution  of 
volume  four  times  greater  than  the  volume  of 
the  contained  oxygen.  Notwithstanding  this 
precaution,  if  we  make  the  mixture  in  a  very 
narrow  tube,  the  nitrous  vapour  would  be  ab- 
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•orbed  with  difficulty  by  the  w&ter,  on  account 
of  the  narrow  contact,  and  i^||pition  would 
become  necessary.  But  in  this  case,  nitrous 
gas,  to  the  amount  of  10  or  12  per  cent  would 
be  absorbed.  It  is  from  this  cause,  that  on 
mixing  100  parts  of  air  with  100  of  nitrous 
gas,  very  variable  absorptions  were  obtained, 
of  which  the  mean  was  93 ;  whilst  air,  con. 
taining  at  utmost  21  per  cent  of  oxygen,  the 
absoRrtion  should  be  only  Jttoi  times  this 
quanSty,  or  84.  Nor  is  it  a  matter  of  indif. 
ferencei  to  put  the  nitrous  gas  in  the  tube  be- 
fore, or  after  tlie  other  gas ;  forif  we  introduce 
it  first,  there  might  be  formed  both  nitrous 
and  nitric  acids.  Knowing  these  two  causes 
of  eiTor,  U  is  easy  to  avoid  them,  by  obeying 
the  following  injunctions  of  M.  Ovy  Lussac. 

'  Instead  of  selecting  a  very  narrow  tube, 
as  Mr.  Dalton  pjtscribd^  we  must  take  a 
^  very  wide  tube,  a  tumbler  for  example,  and 
after  having  introduced  into  it  100  of  tiie  air 
to  be  examined,  we  mnst  pass  intait  100  parts 
of  the  nitrous  gas.  There  is  instantly  exhi- 
bitsd  a  red  vapour,  which  d!sawpears  Very 
speedily  without  agiution,  and  aner  half  a 
ninutei)  or  a  minute  at  most,  the  absorption 
may  be  regarded  as  complete.  We  transfer 
the  residuum '  into  a  giwluated  tube,  and  we 
shall  find  the  absorption  to  be  almost  uni- 
form^ 84  parts,  provided  atmospheric  air  was 
used,  one-fourth  of  whidi  =  21,  indicates  the 
quantity  per  cent  of  oxygen. 

M.  Oay  iAtssac  shows,  by  numerous  ex- 
periments, the  accuraj^  of  the  above  process, 
in  varied  ciicumstan«es.  We  have  thus  the 
*  advantage  of  estimating  the  proportion  of 
oxygen  in  any  gas,  by  an  absorption  four 
times  greater  than  its  own  volume ;  so  that 
the  errors  of  experiment  are  reduced  to  one- 
fourth,  on  the  quantity  of  oxygen.  Now,  as 
we  can  never  commit  a  mistfUte  of  four  de- 
grees,  the  error  must  be  less  than  one  per 
cent  We  mint  neflpr  agitate,  or  me  an  un- 
der  proportion  of  nitrous  gas,  nor  yet  etrry  its 
ezc^n  too  far,  on  account  of  its  solubility  in 
water. 

An  apparatus  for  analyring  gases,  contain- 
ing oxygen  or  chlorine,  by  explosion  with 
hydrogen,  was  oommunisated  by  me  to  the 
Koyal  Society  of  Edivbuigh,  and  published 
in  the  volume  of  their  Transactions  for  1817 
^  and  18ia 

-    Description  of  an  Jpparatutfor  the  AncUtftk 
o/Gatcout  Matter  by  Ejeplonon. 

The  analysis  of  combustible  gases,  and 
supporters  of  combustion,  reciprocally,  by 
explo^n  with  the  electric  spark,  furnishes, 
when  it  can  be  applied,  one  of  the  speediest 
and  most  elmnt  methods  of  chemical  research. 
The  risk  of  failure  to  which  the  chemist  is 
exposed,  in  operating  with  the  simple  tube, 
from  the  ejection  of  Uie  mercury,  and  eicape 
or  introduction  of  the  air;  iv  of  injuiy,  from 


the  bunting  of  the  gjasa,  by  the  foraUe  ex. 
pansion  of  some  ffaseous  mhitnrea,  has  givoi 
rise  to  sevenl  modifications  of  appaiatoa. 

Volta*s  mechanism,  which  is  employed  voy 
much  at  Paris,  It  complex  and  expenaive  *, 
while  it  is  hardly  applicable  to  experimenia 
over  mercury.  Mr.  Pepys*  ingenioas  odd* 
trivancc,  in  which  the  glass  tube  is  cooDected 
with  a  metaUic  spring,  to  diminish  the  shock: 
of  explosion,  is  liable  also  to  some  of  tbe 
above  objections. 

A  very  simple  imm  of  instrument  oocumd 
to  me  about  two  years  ago,  in  which  the  at- 
mospheric air,  the  most  elMtic  and  fconnmical 
of  all  springs,  is  employed  to  receive  and  doidea 
the  recoil.  Having  frequemXy  uaed  it  since 
that  time,,  I  can  now  reconmicnd  it  to  the 
chemical  world,  as  possessing  every  tequishe 
advantage  of  oonveauence,  eheapoess,  wAtj^ 
and  precision. 

It  consists  of  a  glass  syphon,  having  an  in- 
terior diameter  of  from  ^lOths  to  4.10tlis  of 
an  inch.  Its  legs  are  of  nearly  equal  IcsMrdi, 
each  being  from  six  to  nine  inches  long.  The 
open  extremity  is  slightly  funnd-riia]Kd  ;  the 
other  is  hermetically  sealed ;  and  has  insoted 
nearto  it,  by  the  blowpipe,  two  platina  wires. 
The  outer  end  of  the  one  wire  is  incunrated 
across,  so  as  nearly  to  touch  the  edge  of  Ae 
aperture;  that  of  the  other  is  fbnned  into  a 
little  book,  io  allow  a  small  spherical  bottoD 
to  he  attached  to  it,  when  the  electrical  apazk 
is  to  be  transmitted.  The  tm>  legs  of  tbe 
glass  syphon  are  from  one-fourth  to  one-half 
inch  asunder.     . 

The  sealed  leg  is  graduated,  byintTodadng 
successively  equal  weights  of  mercury  6am  ■ 
measure  glass  tube.  Seven  ounces  txoy  and 
66  grains  occupy  the  .space  of  a  cubic  indi ; 
and  34^  grains  repr^ent  j^  part  of  that 
volume.  The  other  leg  may  oemduated  also, 
though  this  is  not  necessary.  Tht  instromect 
is  then  finished. 

To  use  it,  we  first  fill  the  whole  sypbon 
with  mercury  or  water,  which  a  litde  niactice 
will  render  easy.  We  then  introduce  into  the 
open  leg,  plunged  into  a  pneumatic  tioagh, 
any  convenient  quantity  of  the  gasca,  fioom  a 
glass  measure  tube,  containing  them  pievioosly 
m\xeA  in  detennlnate  proportions.  Applying 
a  finger  to  the  orifice,  we  next  remove  it  nom 
tlic  tiDugh  in  which  it  Manda,  like  a  simple 
tnbe;  and  by  a  little  dexterity,  we  ^xmda 
the  gas  into  the  sealed  leg  of  the  wfyAnaa. 
When  we  conceive  «Bough  to  have  bean  passed 
up,  we  remove  the  finger,  and  next  bring  the 
mercury  to  a  level  ux  both  1^0^  either  by  the 
addition  of  a  fern  drops,  0€  by  the  displace- 
meot  of  a  portion,  by  uif^sdng  down  into  it  a 
small  cylinder  of  wood.  We  now  aacsrtain, 
by  careful  inspection,  the  volume  of  included 
gas.    Applying  the  forefii^gcr  again  to  the 

*  The  price  of  Ihe  appantua  it  three 
guineas* 
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aafiee»  bo  m  alio  to  tondi  die  eod  of  Ae  pi*, 
tina  wiie,  we  then  approoeh  the  pendent  ball 
or  button  to  the  decdncal  machine,  and  tnos- 
nit  the  apovk.  Even  when  the  induded  §u 
is  conaidenUe  in  (pnantity,  tt)d  of  a  strongly 
ezploaive  power,  we  fed  at  the  inatant  nothing 
hat  a  alight  push  or  piaaave  on  the  tip  of  the 
finger.  AAer  explosion,  when  condensation 
of  votmiio  cnaoes,  the  fii^  will  ftd  pressed 
down  to  the  onfioe  by  the  superincambent 
atmoapbere.  On  gradually  sUdLig  the  finger 
to  one  aide,  and  Mmittii^  the  air,  the  mer- 
curial eolumn  in  the  sealed  leg  will  rise  more 
or  less  above  that  in  the  other.  We  then  pour 
in  this  liquid  metal,  till  the  equilibrium  be 
again  reattwed,  vhcn  we  read  oif  as  before, 
without  any  redaction,  the  tnifr  resulting 
volume  of  gaa. 

As  we  ought  always  tfb  leave  two  UKhes  or 
mote  of  air,  between  the  finger  and  the  mer. 
coiy,  this  ■Mmosphcnc  column  servaa  as  a 
perfect  recoil  sprmg,  enabling  us  to  explode 
▼e^  large  quantities  without  flnyinoonvenienoe 
or  danger.  QChe  manipuladon  is  also,  after  a 
little  pnetice,  as  easy  as  that  of  the  tingle 
tobe.  But  a  peculiar  advantage  of  thh.de- 
tsdiable  inatmment  is,  to  enable  us  to  heq> 
001  pneumatic  tiou|^,  and  electrical  machine, 
at  any  distance  whidi  convenieooe  may  require ; 
even  In  different  chambers,  whidi,  in  the  case 
of  wet  weather,  or  a  damp  apartmint,  may  be 
foond  neceaaary  to  ensure  dectrical  exdta- 
tioo.  In  the  ftomediate  vicinity  of  the  water 
pneumatic  ciatem,  we  know  bow  often  the 
electric  apaik  refloses  to  issue  taxn  a  gaod 
eleetrophomS,  or  even  little  madune.  Besides, ) 
no  diadiarglng  rod  or  communicating  wire  is 
here  required.  Holding  the  eudiometer  in  the 
left-hand,  we  turn  the  handle  of  the  machine, 
or  lift  the  deetzopborus  plate  with  the  right, 
[the  little  bdl,  the expkwion 


and   .. 

The  dectridan  is  wdl  aware,*  that  a 
spark  so'tmall  aa  to  mdte  no  unpleasant 
feding  in  the  fiaoer,  is  capable,  when  drawn 
offby  asmooth  baU,  of  inflaming  eombuatible 
gas.  £ven  this  triffing  drcomstance  may  be 
obviated,  by  bangiag  on  a  slender  wire,  instead 
cfmlying  the  finger. 

We  may  analyse  the  reaidnal  g«BOua  mat- 
tOi  by  faitrodncing  dther  a  nquM  or  a  solid 
rciSent.  We  fim  fill  the  opeft  leg  nearly  to 
the  brim  with  quicksttivr,  and  then  place  Over 
it  thfl^tabstaoee  whose  action  on  the  gas  we 
^ishtotry.  If  liquid.  It  may  be  paaaed  round 
ntothesealedlegamongthegaa;  butif^solid, 
"i'^potash,  for  example,  ttie  gaa  mirtt  be 
hvoo^t  round  hito  the  open  1%,  ito  orifice 
ha*Bg  been  previous^  dosed  with  a  oork  or 
■Copper.  After  a  proper  interva1,ihe  gaa  bdng 
^4fared  back  toto  the  grafuated  tube, 
^  change  of  if»  vfltome  9iay  be  accuratdv 
dettnniiied.  WiththiseudiomelavandasouiU 
merearid  pneumadc  dstem,  we  may  perftnon 
ponimfilc  anafyses  on  a  very  ccoaiderable 


It  may  be  desirable  in  some  oases  to  have 
fcady  access  to  the  graduated  leg,  in  order  to 
dry  it  speedily.  This  advantage  is  obtahied 
by  doaing  the  end  of  the  syphon,  notheimeti- 
caBy,  but  with  a  little  brass  cap  screwed  on, 
traveraed  vertically  by  a  platina  wire  insuUited 
in  a  bit  of  thermometer  tobe.  After  the  ap. 
paratua  haa  beencharged  with  gas  for  explodon» 
we  connect  the  spherical  button  widi  the  top  of 
the  wire. 

'With  the  above  instrument  I  have  exploded 
half  a  cubic  inch  of  hydrogen  mixed  with  a 
quarter  of  a  cubic  inch  of  oxygen ;  as  also,  a 
bulk  nearly  equal  of  an  olefiant  gaa  explodvo 
mixture,  without  any  unpleasant  concussion 
or  noise ;  so  oom^etdy  does  the  air-chamber 
abate  the  expansive  violence,  aa  wdl  aa  the 
loudness  of  the  report  Projecdoa  of  the 
mercury,  or  displacement  of  die  gaa,  is  oh- 
vioudy  imposdble.  Edin.  PkU,  Tram,  Jan. 
1818. 

.  DQberdn#  has  suggested  the  use  of  a  pellet 
of  spongy  platipum  for  the  purpose  of  da- 
tecting  minute  portions  of  oxygen  in  a  gaseous 
mixture,  in  which  hydrogen  ako  is  present 
Its  eftct  ts  immediate.  The  moment  the 
aubstance  rises  above  the  surface  of  the  mer- 
cury m  the  tube  oootaining  the  mixture,  the 
coiibinatk)n  of  the  oxygen  and  hydragen  be- 
gins, and  in  a  few  mbutes  is  completed.  It 
seems  esjpMe  of  indicating  the  smallest 
quantity  of  oxygen.  The  spongy  pUtinum, 
nr  this  purpo%  is  usoaUy  made  up  into  a 
pellet  of  the  siie  of  a  pea,  with  a  little  pie- 
dpitated  aluiaina,  and  then-  ignited  at  Uie 
blowpipe,  immediatdy  before  using  it  No 
error  need  be  apprehended  finom  the  formation 
of  ammonia  in  the  analyab  of  atmospheric 
air  hi  thit  way.  Doberdner  says,  that  the 
spongy  platinum  is  so  energetic  an  agent,  that 
M  enables  hydn^^en  to  take  1  of  oxygen  ftom 
99  of  aaotCy  a  result  not  to  bo  hop«l  for  by 
eapWoo  iHth  elattridty.  A  pktinum  pdlet, 
made  ap  with  potter's  day,  and  weighing 
ftOm  2  to  8  grains,  may  be  employed  above  a 
thousand  timsi;,  if  dried  carefully  after  each 
operation.  The  compound  gases  eontdniiw 
hydsogen  do  not  combine  with  oxygen,  throo^ 
the  a^cy  of  the  platinuvk  I>e.  Henry  haa 
ingeaioudy  apnlied  Dobere!iier*8  invention,  to 
the  andyris drtnixtores of  infiammaUe  gases, 
audi  as  aie  evolved  from  coaL  PhU,  Trans. 
1924,  Pttrt  2.    See  Htdsogbk. 

EUDYALITE.  Thia  mmeial  occura 
both  maadve  and  crystallised.  Colour  red,  or 
brownish-red.  It  oonaista  of  silica  63.325 ; 
drooua  11.102;  Ihne  9.735;  soda  13.822; 
oxide  of  iron  7-764;  oxide  of  manganese 
2.082;  muriadc  add  1.034;  water  1.801.  It 
readily  dissolves  in  adds.  It  accompanies  the 
sodaUte  of  Greenland.  PhiUipf  Mineralogy. 
EUKAIRITE.  A  new  mineral  found  hi 
the  copper  mine  of  Skrickerum,  m  the  parish 
of  Tryserum,  in  Smoland.  Bendius  found 
it  to  consist  of  38.93  sUvsr,  28  sdcohim,  23 
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•Ofipferi  and  &9  alonute.  Tliore  wis  a  loa  of 
3  per  «CDt.  He  icgardt  it  at  a  compouiid  of 
3  atoiM  of  leleBiuret  of  copper,  aad  1  atom  of 
bi*MlcDiiucC  of  tilver.  Its  ooIoBr  is  lead, 
hliie  ;  liistR  OMtaUic ;  ttxtore  granular,  idtfa 
a cryalalUaad  ^mpeeu  Soft ;  aeotile;  aomewbat 
maUaaUa.  It  oidto  before  the  blowpipe, 
eahaling  a  itroog  ftnell  of  bone-ndjsh,  iod. 
laanng  a  metallic  button* 

EUPHORBIUM.  A  gom-resin  exnding 
ftom  a  laige  otiental  ahnib|  Euphorfcua  offiein. 
I/inn* 

It  ia  brought  to  u%  imme^ateljr  horn  Bar. 
baiy,  in  dropa  of  an  imgulir  form ;  some  of 
which  upon  being  btoken  are  found  to  contain 
little  thoma,  anuU  twtga,  ifewert,  and  other 
vegetable  maUaa;  others  are  hollow,  without 
any  thing  in  their  cavity :  the  tears  in  general 
are  of  a  pale  yellow  colour  externally,  soin^ 
what  white  withioside:  they  easily  break  bo- 
twixt  the  fingers.  Sp.  gr.  1.124.  Slighdy 
applied  to  the  tongue,  ther  aifeot  it  with  a 
vary  sharp  biting  taste ;  and,  upon  bang  heU 
for  some  time  in  the  mouth,  prove  vehemently 
acrimonious,  inflaming  and  exnlooating  the 
foaoes,ftc.  Euphorbium  is  extremely  trooblp. 
some  to  pulverise,  the  finer  part  of  the  powder, 
which  flies  off,  alfecting  the  head  in  a  violent 
manner.  The  acrimony  is  so  grsat,  ag  to 
render  it  aheolutely  unfit  for  any  internal  use. 
It  is  much  employed  ia  the  veterimvy  ait  as 
an  cptapastic:— 

The  followiag  cnnsliiuents  were  found  in 
flupherbium  by  Braconnot  s— - 
Resin,  VJ,0 

Wax,  .       .       .       .       i».a 

Malateoflime,      .  20.6 

MaUtA  of  potash,  2.0 

Water,  ....  5.0 

Woody  matter,  13.5 

lion^  ....         3,0 

lOOiO 
The  resin  is  exoesrftely  acrid,  poisonoua, 
reddish-ooloured,  and  transparent  It  dik- 
aolves  in  lulnhuiic  and  nitric  aiM,  but  not  in 
alknlisi  in  which  respect  it  difiers  from  other 
Nsins.  Euphorbium  itself  is  pretty  soluhle  in 
aloohoL 

EUPHOTIDE.  A  «k^  species  of  M.  da 
Buch,  essentiallv  compooed  of  foliar  and 
diaHu^e.  The  Italian  artists  call  it^aWro. 
M.  Hauy  gave  it  the  name  euphotiiek  The 
folspar  is  found  in  it  fTequenUy,  under  the 
fonn  of  Jadey  a  aubstance  which  M.  de  Buch 
thinks  ought  to  be  sepamted  from  common 
folspar.  The  second  mineral  presents  itself 
in  all  its  varieties.  Independently  of  these 
composing  principles,  there  is  acddentally 
found  hi  i^  talc,  amphibole,  or  actinote, 
garnets,  grains  of  pyrites,  dec.  This  rock  ia 
abundant  in  the  Alp&  It  li  found  in  great 
quantity  among  the  rounded  febbles  in  the 
neighbourhood  of  Geneva.  M.  de  Budi  met 
wiA  it  eo  the  elevated  portioos  of  Monte  Rosa, 


foaming  oanaidershle  1 
the  micaceona  schiBt,  -and  asixied 
places  with  serpentine.  Tfa«  tope  of  the 
mountams  of  the  territery  af  Oesida,  which 
overkiok  the  Gulf  of  Speana,  ase  compaaal 
principally  of  it  It  forma  also  in  Conxa 
diatrictsof  a  pretty  considetaUe  extent,  wheoec 
is  derived  the  verde  di  Corriai,  n  fine  variety 
Of  this  rock.  The  nero  di  prato^  tlM  verdt  di 
jmOo^  the/franiio  digubhro  of  the  Fkamuaea, 
are  nterdy  diallages,  habitually  metallaid*  aad 
miacd  sometiraes  with  serpentine,  aniiM  liana 
with  folspar  or  jade,  which  are  brBwgbt  fion 
te  mountains  of  Tuscany.    JD^AtAmitmiu 

EXCREMENTS.  The  oanatitamB  ^ 
human  foces,  aoaording  to  thn  recent  anaiyBn 
of  Bemlina,  are  the  foOowing :-. 

Water,  ....       73^ 

Vegetable  and  H^nal  nmaina,        7« 
BUe,  .        .        »         .        04 

Alfaiunfn,        .        •        •        •        O-vS 
Peculiar  extractive  in>ttifr|  ^7 

Salts,  «...         12 

Slimy  matter,  oonsaating  of  picm» 
md,  peculisr  animal  maMer,  and 
insoluble  residue,  144^ 


The  sslta  were  to  one 
ing  proportions:-^ 
Carixmaaeofaoda^ 
Muriate  of  soda. 
Sulphate  of  aoda» 
Ammon.  pbos.  magn. 
Phosphate  of  lime, 


another  in  the  Mlow- 


0-1 

o.o»      i 

9l65 
0.1 


120 

Thaer  and  Einhof  obtained,  by  igmtien, 
from  8840  grains  of  the  exaemsms  of  oattle, 
fod  at  the  stall  diiefly  00  tnniqa,  the  follow- 
ing  eartha  and  aaits : — 

Iiune, 12 

PhoiTheteoflmie,  .  19-6 

Magnesia,      ....  3-0 

Iron 5-0 

Alumina  widi  some  iiiiamnBan,        1441 
Sflica,  ....        iMI 

Mnriata  and  sulphate  of  potarii,        1*2 


M-7 


"to  MM.  Foorermr  and  Vanqoelin  we  owe 
what  predae  knowlede^  we  noasssa  leglsdlng 
tfie  excrtoients  of  biir£,  in  wideh they  founda 


lar^e  quantity  of  uric  add.  This  forms  the 
white,  and  nearly  crystaiyne  portion.  lidoei 
not.  proceed  ftom  the  teal  mattiw  paoperiyso 
called,  but  from  the  urine,  whieh  in  thia  class 
of  animals  is  mixed  widi  theexcranent,  hv  the 
nature  of  their  oiganisation.  Thia  aeU  s 
easily  extracted,  by  luifliiiig  the  enacaaent 
with  alkalme  water,  filtering  the  liqudr,  and 
pouria^  into  it  mutiatic  acia.  i^or  the  value 
of  thia  fsKal  natter  in  agricniinrc,  see  M  a- 

MUIUE.         C^ 


f"  f^ 
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Tke  tacitiiMMU  «f  the  lerpent,  Hob  Cm^ 
jtfrfeJDT,  consitt,  aeeofding  to  Dr.  Pnilit,  of 
urate  of  ammonia,  to  dieamoant  of  ftUly  ni&fr 
Icuini  of  thcif  wei^t* 

SXPANSION.    SeeCAi.oEic. 

£XTRACT.  When  decoction  ii  cwried 
to  soeli  a  point  as  to  sfiM  a  rabstance  either 
■olid  or  of  the  oooiiBtenee  of  paste)  this  reaU 
doal  product  is  called  an  extnct.  When 
ohenuats  ipeak  of  extnct,  they  noBt  commonly 
mum  the  product  of  aqneoae  decoction ;  but 
tke  earlier  cfaemists  freqnendf  speak  of  spiii- 
taona  extract 

Bxtraets  thus  pnpared  are  miatnna  of 
a«vcnl«f  the  materials  of  vegetables,  whence 
thcj  differ  greedy^  aoooidiny  to  flie  plants 
from  which  they  aie  obtained ;  bet  modem 
chemisto  distinguish  by  the  name  of  extract, 
or  extracHve  fitaitery  %•.  peteliar  substance, 
anprpoied  to  be  ooeof  the  immidiate  materials 
of  vegotebln*  snad  the  same  in  all,  whan  sepa- 
med  from  any  ftnipi  admixture,  except  as 
the  proportioii  of  its  codttituent  pnDci{des 
Hiay  vary.    See  STAK>KATioir. 

EXTRACTIVB.  The  name  giyen  to  a 
aupposed  piodu^  of  vegetation,  present  in 
the  juices  of  plants.  Its  identity  is  verv 
doabtftd.  It  is  said  to  have  a  bitter  tasC^ 
a  deep  brown  ooloar,  brittle,  with  a  diining 
ftaotuie  when  it  is  drkd ;  to  yidd  on  distills^ 
tioD  an  add  and  ammoniacal  liquor ;  to  be 
aolnble  in  water  and  alcohol ;  to  combine  with 
the  greater  part  of  metallic  oxidea ;  afld,  lastly, 
to  combine  with  oxygen  and  become  insoluble 
in  water ;  a  resttt  which  happens  when  it  is 
Heated  with  oxygenated  acids,  or  dissolved  in 


I  jem  M.  Tbenaid  in  < 
aa  a  distinct  product 

£YB»  The  humours  of  the  eye  had  never 
ben  examined  with  any  degree  of  accuracy 
till  lately  by  M.  Chenevix.  Most  of  hie^x* 
periments  were  made  with  the  eyes  of  sheepi 
aa  freih  ss  they  could  be  procured. 

The  aqueous  hntaour  is  a  dear,  tanspa* 
lent  liquid,  with  little  smell  or  taste,  ana  of 
the  tempentnre  ofW;  its  spedfic  gravity  is 
1-009.  It  consists  of  water,  albumen,  gda* 
tine,  and  nnriatoof  soda. 

The  crystalline  oontsins  a  much  hager  pro* 
p^on  of  water,  and  no  mwiateb  Its  spedic 
gravity  is  1*^ 

The  vitreous  humour,  when  pressed  through 
a  rag  to  free  it  from  its  capsides,  dilBand  in 
nothmg  from  the  aqueousi  dther  in  its  spe- 
cific gvavi^  Of  chemical  natnie» 

Fourcroy  meotions  a  phosphal 
in  these  hunonis ;  bm  M.  Chenevix 
discover  none. 

The  humours  of  the  human  eye  gave  the 
Sam*  producta,  but  the  specific  gravity  of  the 
erystallitte  was  only  1099,  and  that  of  the 
aqueous  and  vitreous  humours  1*0068. 

The  eyes  of  oasn  diffked  aofy  in  the  ipe- 
eiic  gn«lty  pf  the  parts,  that  of  ^  orystoL 
line  bdng  1*0705,  and  that  of  the  other  hu* 
nioursl^aO. 

The  spedfic  gravity  of  the  cfystalline  is 
not  equal  throu^KRit,  its  deodty  incnsung 
from  the  surfroe  to  the  ccntrc^PML  3V«m. 
1803. 


F 


FAHLUNITS.  AuiomalUe,  a  Bub.q>edea 
ef  octohedral  dovundum. 

FARINA.    Vegetable  flour. 

The  ikiur  of  thePariaian  bakencoosists,  ae- 
coiding  to  M.  vauquelin,  of  gluten  10*2, 
stscdi  72*8,  sweet  matter  4-2,  gMumi-glud- 
nous  matter  2^8,  and  moisture  10  hi  100  parts. 
Jmm,  de  Phamu  Augmt^  1839. 

FAT.  Coneenikig  the  nature  of  this  im- 
portsBt  product  of  animalixatioD,  nothing  de- 
finite was  known  till  M»  Chcvreul  devoted  him* 
sdf  with  mstilofious  seal  and  persevesanee  to 
Its  hivestigatioB.  He  has  slreody  published  in 
the  Anodes  de  Chimie^  seven  successive  me^ 
moiVB  on  the  subject,  each  of  them  surpassing 
its  predeosssor  in  interest  We  shall  in  this 
sftide  give  a  brief  abstract  of  the  whole. 
.  By  dissolving  frit  in  a  large  quantity  of 
alcohol,  and  observing  the  m«iui^  in  whii^ 
lis  dilftrent  portions  were  acted  upon  by  this 
sabstanee,  ant  asain  .eepanted  from  it,  it  is 
condaM  that  mt  is  ooropessd  of  aa  oi^^ 


$uhtiamc€^  which  remains  fluid  at  the  ordi- 
oaiy  temperature  of  the  atmosphere;  and  of 
another  ^tff  mbtianee  which  is  much  less 
Aidble.  Hence  it  follows,  that  fat  is  not  to 
be  regarded  as  a  simple  prindple,  but  as  a 
oombiiiatian  of  the  above  two  prindples,  which 
may  be  sepanted  without  alteration.  One  of 
these  substances  mdts  at  about  45«,  the  other 
at  1000;  the  same  quantity  of  alcohol  which 
dissolves  8-2  parts  of  the  oily  substance,  dis- 
solves  1-8  only  of  the  fitly  ntbitance  :  the  first 
is  separated  filom  the  slooholin  the  fonn  of  an 
col ;  the  second  in  that  of  small  silky  needles. 
See  £LAiir. 

Each  of  the  constituents  of  natural  fat  was 
then  saponified  by  the  addition  of  potash; 
and  an  accurate  description  given  of  the  com- 
pounds which  were  fcnrmed,  and  of  the  propor- 
tioDs  of  their  ooOstitucnts.  The  oily  iyJbttanec 
became  saponified  more  rea£Iy  than  the,/btty 
tub9tance\  the  residual  fluids  in  both  cases 
the  aweet  dly  prindple ;  but  the 
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qiMMliky  that  piDCjccdBd  from  tlis  WMp  AnuMd 
of  the  0%  9ubrtamc$^  was  four  or  five  timet  ai 
much  as  that  from  me  fatty  twbtUmee.  The 
latter  aoap  was  founa  to  oontain  a  much 
ffieater  proportion  of  the  pearly  matter  than 
uieTormer,  in  the  proportion  of7'd  to  2-9$  the 
proportion  of  the  JivU  fat  was  the  reverse,  a 
greater  Quantity  of  this  being  found  in  the  soap 
ibrmed  from  the  oily  substance  of  the  fat. 

When  the  pnndples  which  constitute  frt 
unite  with  potash,  it  is  probable  that  they  ex- 
perience a  change  in  the  proportion  of  their 
elements.  This  dnmgedevelopes  at  lesst  three 
bodies,  margarine^  fmd  fat^  and  the  rweet 
principle;  and  it  is  remarkable,  that  it  tak^ 
place  without  the  ahsorptioo  of  any  ibieign  * 
aubstanoe,  or  the  disengagement  of  any  of  the 
elements  which  are  separated  from  each  other. 
As  this  change  is  effected  by  the  intermedium 
of  the  alkali,  we  may  conclude  thai  the  newly 
formed  principles  must  have  a  strong  a4|pity 
fbr  salifiable  bases,  and  will  in  many  respects 
resemble  flie  adds ;  and,  in  fact,  they  exhibit 
the  leading  diaiacters^  of  acids,  in  rcddenmg 
Utmus,  in  decoouposing  the  alkaUne  carboaatei 
to  unite  to  their  bases,  and  in  nentrslizmg  the 
specific  propertiea  of  the  alkalis. 

Hairing  already  pointed  o^t  the  analogy  be- 
tween the  propcrtieB  of  acids' and  the  yrincijdes 
into  whidi  fitt  is  converted  by  means  of  the 
alkalis,  the  next  object  was  to  extfnme  the 
actkm  which  other  bases  have  upon  fat,  and  to 
observe  ^  effect  of  water,  and  of  (he  cohesive 
fiiroe  of  the  bases  upon  the  procesi  of  saponifi. 
cadon.  The  substances  which  the  tuther 
■ufcrjected  to  experiment,  were  soda,  the  four 
•Ikaline  earths,  slnmina,  a^d  the  oxides  of 
zinc,  coppcsi  and  lead*  Aftergiving  a  detail 
of  the  processes  which  he  employed  with  these 
substances  respectively,  he  draws  thefollowmg 
general  conchisions:— Sodti  barvtes,  stion. 
tian,  lime,  the  oxide  of  anc,  and  the  protoxide 
of  lead,  convert  hi  into  margarine  Jluidfat^ 
the  rmeet  principle,  the  yellow  colouring prin^ 
ciple,  and  the  odorous  principle^  pneitidy  in 
the  same  manner  as  potash.  Whatever  be  the 
base  that  has  been  employed,  the  products  of 
saponification  always  exist  in  the  same  relatiye 
,  proportion.  As  the  above  mentioned  bases 
ibnn  with  maigarine  and  the  finid  fat  com«< 
pounds  which  are  insolub&e  in  water,  it  fbUows, 
that  die  action  of  this  liouid,  as  a  solvent  of. 
soap,  is  not  essential  to  As  process  of  saponi- 
fication.  It  is  remarkable  that  tlie  oxides  of 
zinc  and  of  lead,  which  are  insoluble  in  water, 
and  which  produce  oompoonds  equally  iniolu- 
ble,  should  give  the  same  results  with  potash 
and  sod% — a  drcumstanoe  whidi  proves  that 
those  oxides  have  a  strong  alkaline  power. 
Although  the  analogy  of  magnesia  to  the 
alkalis  is,  in  other  respects,  so  striking,  yet 
we  find  that  it  cannot  convert  fat  into  soap 
under  the  same  drcumfttances  with  the  oxidM 
of  zinc  and  lead. 

It  was  found  that  100  parU  of  hog*8-lard 


to  die 

SeefiLAur 
and  Acid  {^jmaric). 

The  propoties  of  spermaceti  were  next  ck« 
amined:  itmeltBatabout  U2«:  itisBotmocfa 
altered  by  distillation ;  it  dissolves  rettlilyiii 
hot  alodiol,  but  separstes  as  the  fluid  oookt 
the  solution  haa  no  efot  in  <*—y"g  the  co- 
lour of  the  tincture  of  litmus,  a  i ' 
as  it  is  observed,  in  whidi  it  difibs  from  i 
gaiine,  a  substance  whidi,  in  i 
it  rssembles. — Speraiaoeti  is  capaUie  of  bciaig 
saponified  by  potash,  with  neady  the  aame 
phenomena  as  when  we  submit  hog's  laid  to 
the  action  of  potadi,  although  the  opctMion  ia 
edited  with  move  diiBcult|i. 

The  author*s  genend  condnsion  resprrtfiy 
the  fatty  matter  of  dead  bodies  is,  th«t  even 
after  the  lactic  add,  the  lactates,  and  other  in- 
gradients  whidi  are  Icm  esaontiai,  are  Demoted 
from  it>  it  is  not  a  ainople,  ammoniacal  soap, 
but  a  combinatioD  of  vadous  fatty  enbotanoea 
with  ammonia,  potash,  and  lime.  The  Huf 
substances  which  were  separated  from  alcohol* 
had  different  mdtiitt  points,  and  diffocnt  sen- 
sible properties.  It  lbUo«%  from  M.  CSfae- 
vreul*8  experiments,  that  the  substance  whidi 
to-the  least  fuiitale,  haa  moR  affinity  Ar  bases 
than  those  which  are  more  80.  Itis  ofaservod, 
that  adipocere  poesesses  the  diaxactcn  of  a 
saponified  frt;  it  is  soluble  in  boiling  aleohol 
in  all  praportMns,  reddens  litmus,  and  imitcs 
readily  to  potash,  not  only  without  losiog  its 
weight,  but  without  having  its  fusibiUty  or 
otha  pibperties  disnged. 

M.  Chevreul  has  shvwn,  that  fa<^*sJand,in 
its  ftauiral  state,  has  not  the  property  of.oooi- 
binlng  with  alkalis ;  but  that  it  acquires  it  by 
wexperiendng  some  chanoe  in  the  pnmoition  of 
its  dements.  This  chi^  Mag  MQoed  by 
the  action  of  the  alkali,  it  fBDows  that  the 
bodies  of  the  oiw  fonnatioa  must  have  a  dc 
dded  aOnity  for  the  spedcsof  body  which  haa 
determined  it  If  we  apply  this  foundation  of 
the  theory  of  saponification  t»  the  change  into 
fat  which  bodka  huned  in  fhe  esrth  experience, 
we  shall  fin^  that  it  explains  the  process  in  a 
very  satisfactory  manner.  In  reality,  the  fiitty 
matter  is  ^e  Combination  of  the  two  adipose 
substances  with  ammoma,  Ifana^  and  pdlaah : 
one  of  these  aubilaaees  has  the  same  seasilie 
properties  with  maigarine  procured  fioiK  the 
soap  of  hogVlaid ;  the  other,  the.  onnge- 
coloured  oU^  exeep|ing  its  colour,  appears  to 
have  a  strong  ansli^  with  the  fiuidlht.  From 
these  circumstances,  it  is  probable  that  the 
ibrmadffi  of  the  hky.  matter  may  be  the  re^ 
suit  of  a  proper  saponificatioo  piodweed  by 
ammoiis,  proceeding  from  the  dscompdaitioo 
of  the  muftde,  and  by  the  potaah  and  lime, 
which  piocsed  from  the  deoompodtion  of  cer- 
tain  salts. 

The  author  remarks,  that  he  has  hitboto 
made  use  of  penphraaea  when  iqpeakino  of  dtc 
difreicnt  bodies  that  he  has  been  describing,  ss 
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suppoiing  thst  their  nature  was  not  naiBcieDtly 
decemrined.  He  now,  however,  conoelTeB, 
that  he  mvf  apply  specific  names  to  diem, 
whidi  wiU  both  be  moie  oommodioos,  and,  at 
die  same  time,  by  being  made  appropriate, 
will  point  out  the  relation  which  these  bodies 
bear  to  cadi  other.  The  following  is  the  no- 
mendature  wfaidi  he  afterwards  adopted : — 
The  cryataUine  matter  of  hnman  biliary  cal- 
culi is  named  ehokfterime^  from  the  Greek 
words  x^xir,  bile,  and  r'F'^r*  solid;  spe^ 
maoeti  is  named  cetine^  from  xnrec,  a  whale; 
the  fatty  substance  and  the  oUy  substance, 
are  nanoed  respectively,  tUarhtet  and  eUtme^ 
Irom  the  Woids  r'SfS  ^^  *i*d  «x»i9v,  oil; 
margarine,  and  tfee  Wd  fat  obtained  a^ 
saponilicatei,  are  named  margarie  acid  and 
oleic  acid,  while  the  term  cetic  acid  is  applied 
to  what  was  named  sapoaified  spennaoeti. 
The  marguratef^'OieaUt^  taiA' cetatet^  will  be 
die  generic  names  of  the  soaps  or  combinationB 
which  these  adds  are  capable  of  foiming  by 
dieir  union  with  salifiable  bases. 

Two  portions  of  human  fat  were  esumined, 
one  taken  from  the  kidney,  the  othec  fiom  the 
thigh:  after  some  time  they  both  of  them 
manifested  a  tendency  to  Wparate  into  two 
disdnet  substances,  one  of  a  solid,  and  die 
odier  of  a  fluid  consistence ;  the  two  porUons 
difleved  in  their  fluidity  and  their  melting 
point    These  vaiiadons  depend  upon  die  dif- 
iennt  proportions  of  stearine  and  elaine ;  for 
the  ooBcrete  part  of  &t  is  a  combination  of 
the  two  with  an  exoesa  of  stearine,  and  the 
fluid  part  is  a  eombinadon  with  an  excess  of 
claine.     The  fat  from  the  other  animals  was 
diea  examined,  prindpaUy  with  respect  to 
their  meldng  point  and  their  solubility  in  al- 
cohol ;  the  melting  point  was  not  always  tl« 
same  in  die  fat  of  the  same  nedes  of  animaL 
When  pordohs  of  the  fat  of  difierent  sheep  are 
melted  separately  at  die  ten^ature  of  ia2S 
in  some  ^ledmens  the  dicrmooieter  descends 
to  06.^4  and  ilsesagain  to  I02»t  while  in 
odicrs  it  descends  to  UI4%  and  rises  agaift  to 
106*.    A  thermometer  pliHged  into  the  fat  of 
the  OS  mdted  at  I22o,  descended  to  98.60, 
•nd  rose  again  to  ie2«.    Whan  the  fat  of  the 
jaguar  vras  melted  at  104«,  die  Ifaennometer. 
wBCtaded  to  84«,  a^  rase  again  to  about  86o ; 
X    int  a  consideniile  pordon  of  He  fat  stiD  re- 
mained fai  •  fluid  Mate.    With  respect  to  thi^ 
«Afibility^  die  difierent  Unds  of  fat  in  al- 
cohol, it  was  found  duM^190  parts  of  it  dis- 
solved 2.48  paits  of  human  fat,  2.26  ptftts  of 
>hoep*s  ik,  3.52  "ptata  of  the  flU  of  die  ox, 
2.18  parts  of  the  fat  of  the  jaguar,  and  about 
2.8narts  of  the  fat  of  the  hog. 

n.  Chevreul  next  examines  tht  ^chaflK 
which  is  produced  in  die  difitsrent  kinds  of  St 
i«>pecdvdy  by.die  action  of  potash.  All  die 
■iod«  of  fat  are  capable  «f  b^g  perfect^  sa- 
ponified,  when  oduded  from  the  contact  of 
uie  airs  in  all  of  dwn  dieie  was  the  piodnc- 
^^noftbt  H^KAified  fkt  «|d  the  tweet  ptin* 


dple;  no  carbonic  add  was  produced,  and  the 
soaps  formed  contained  no  aoedc  add,  or  only 
slight  traces  of  it  The  saponified  fots  had 
more  tendency  to  crystaUixe  in  needles  than 
the  fats  in  their  natural  state;  they  were  so- 
luble in  an  pnnordons  in  boiiiig  alcohol  of 
the  specific  graMty  of  .821.  The  sofaidon, 
like  that  of  the  saponified  fat  of  the  hog,  con- 
tained both  die  margarie  and  the  dldc  adds. 
They  were  less  fiuible  dian  the  fots  from 
which  they  were  formed :  thus,  when  hfonan 
fiit,  af^er  being  sapsnified,  was  melted;  the  T 
thennometer  bMame  sudonary  at  9<^,  when 
the  finid  beean  to  congeal ;  in  that  of  the 
sheep,  die  thermometer  fell  to  118U»o,  afid 
rose  to  122*;  in  diat  of  the  ox  it  remain^ 
stationary  at  1  iaA» ;  and  hi  that  of  4lie  jaguar 
at  98J(*. 

The  saponified  fot  of  die  sheep  and  the  ox 
had  die  sMne  degree  of  soluMlity  hi  potash 
an^soda  as  that  of  the  hog. 
100  parts  of  the  fat  of  die ) 

sheep  when  saponified  V  15.41  of  potash. 

were  disedved  by  ) 

109  parts  of  the  same  were  I  moT  «^o«ji-  ' 

dissolved  by      '  J  10.27  of  soda. 

100  parts  of  the  saponified  ) 
fkt  of  the  OS  were  dis-  >  1542  of  potash. 
sdvMby  ) 

100  parts  of  the  saponified  ) 
fkt  of  die  hog  were  dis-  V  16.04  of  potash, 
solved  by  \ 

too  parts  of  die  same  were  •(  ^^^  ^^^ 
dissolved  by  J      ^      "t** 

The  followmg  table  contains  die  propordohs 
of  the  saponified  ht^  and  of  the  matter  soluble 
in  water,  into  which  UK)  parts  of  the  ^  are 
capable  of  faring  changed : — 
''Human  £st. 
Saponified  fat,  05 

Soluble  matter,  ■         5 

Fat  of  the  sheep. 
Saponified  fat,  05.1 

Solttble  matter,  4*9 

Fat  of  the  ox. 
Saponified  fat  05 

Soluble  matter,  5 

Fat  of  die  hog. 
Saponified  fat,  94-7 

Soteble  matter,  5*3 

M.  Chevreul  next  gives  an  account  of  the 
analysis  of  fat  by  aloohol. 

The  method  of  analysis  employed  was  to 
expose  the  different  kinds  of  fat  to  boiling 
alcohol,  and  to  suffer  the  mixture  to  cool :  a 
pordon  of  the  fat  dut  had  been  dissolved  was 
then  separated  in  two  states  of  combination ; 
one  with  an  excess  of  stearine  was  deposited, 
the  odier  with  an  eicess  of  daine  remained  in 
Boludon.  The  first  was  separated  by  filtration, 
and  by  distiUing  the  filtered  fluid,  and  adding 
a  little  water  towards  the  end  of  the  operation, 
we  obtain  die  second  tn  the  retort,  under  the 
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Iwm  <tf  •&  alooholie  aqoeoiu  fluid.  The  db. 
liOed  aloolial  wfaicfa  had  been  employed  in  the 
uu^ytBB  of  human  fat  had  no  lenaible  odour  ; 
the  lame  was  the  case  with  that  which  had 
ionrcd  Ibr  the  analyna  of  the  &t  of  the  ox,  of 
die  bog,  and  of  the  gooae.  Tbe  aloohol  which 
had  been  employed  in  die  ailalyda  of  the  fat 
of  die  iheep  had  a  ilight  odoor  of  candle* 

The  ?aiiftiw  of  steanne  from  the  diflbicnt 
ipedMeffBl  woe  found  to  poeeeaR  thefoUow- 
'  ing  piopertiei:w-They  ncn  all  of  a  beautifhl 
wfaile  colour  \  eudrdy,  or  tdmoM  withoiit 
odour,  insipid,  and  having  no  acdon  upoo  lit* 
umB,"'^Stearin€from  man.  The  thermometer 
which  was  phinged  into  it  when  melted  fell  to 
106.5%  attd  roae  i^Bin  to  120".  By  ooolingy 
the  stearine  crystaUhfed  in  very  fine  needles, 
the  nr&oe  of  which  was  hL^r-Stearine  of  ike 
tkecp.  The  dicniiometer  fell  to  liM»,  and  rose 
again  to  I09.5<>;  it  finrmed  itself  into  a  flat 
mass:  the  centre,  which  cooled  moie  slowly 
than  dielcdgei,  presented  small  and  findy- 
radiated  needles.~P^Airifie  of  Ote  ox.  The 
thfftnwmeter  ^11  to  103e  and  tose  again  to 


111* ;  te  Ibimed  Hsdf  into*  man,  thoi 
of  i^iidi  was  flat,  over  wfaidi  were  i 
iramber  of  minute  atus  vislhle  by  the  micn». 
scope ;  it  was  di^idy  semitianspareat.  fflfni- 
Hue  of  Ifttf  hog*  It  exhaled  the  odour  of 
hog^s-laid  when  it  was  melted.  The  ther- 
mometer fdl  to  100.5*,  and  raee  again  t» 
109.&".  By  cooling,  it  was  rednoed  into  • 
mass,  die  surface  of  which  was  very  anaqfaal, 
and  which  appeared  to  be  formed  of  smaS 
needles.  When  it  oaobd  rapidly,  the  parts 
which  touched  the  sides  of  the  venel  faadd* 
semitnnspsrency  of  ooognlated  albnnien.— 
Stearine  of^  gooae,  llie  tbennoineia  ftO 
to  104s  and  rose  again  to  lOftd**;  It  was 
fopned  into  a  flat  mask 

"^^idi  respect  to  the  solubility  of  these  dif- 
fieient  bodies  in  alcohol,  100  parts  of  boffin^ 
alcohol,  of  die  specific  gravity  of  0.7S62,  das- 
solved, 

Of  human  stearine. 

Of  the  stearine  of  the  sheep. 

Of  die  steszine  of  the  ox. 

Of  the  stearine  of  the  hog, 

Of  the  stesrise  of  the  goose, 


31-M 
164»7 
16-48 
18-26 
a64M 


Saponification  by  potash. 


The  human  stearine  \  Saponified  hx^ 
produced,  by  saponi-  J 
ficadon, . 


Stearine  of  the 
sheep. 


Stearine  of  the 
ox. 


Stearine  of  the 
hog. 


/  Soluble  matter, 
i^  Saponified  fkt, 

(  Soluble  matter, 


Stearine  of  die         f  SaP^-ified  fat, 
goose.  \ 


^Soluble  matter,      5-6 


[     It  was  fusUde  at  123-6* ;  it  ayatol. 
94-9\  Used  in  small  needles  joined  in  die  %atm 

(of  afunneL 
^1  (      The  syrup  of  the  sweet  pondnlowcwhcd 
^*i  8-6,  die  acetate  0-3*. 

C     It  began  to  beoonie  opaqve  at  190% 
Q  4  g  J  and  the  theimome^  becamo  stationaiy  at 
^^'^)  127-50;  it  ccystaffiied  in  smaU  finavbr 
V.  diated  needles, 

i     The    syrup   of   the   sweet   principle 
5-4K  weighed  8,  die  acetate  0-6  j  it  had  « 
(  rancid  odour» 

It  beganto  beeome  solid  at  120°,  b«t 

lit  was  not  peilbcdy  ao  until  126-6;  k 

crystallized  in  sooaU  nesdka  xatboiint* 

flattened  globnles. 

ThesyrupoC  the  sweet  principle  wdgbad 

,  9-8«  the  acetate  0-3- 

r     It  began  to  grow  soHd  at  129«,  and  the 

g^^  1  themiometer  became  ^tatioMyynt  126-d»; 

j  it  crystallised  in  smaQ  noe^lee  unitad  into 

(flattened  globules. 

KjAj.  S      The  syrup  of  thoiwc^  principle  weiobed 

^^)  9,  die  acetate  0-4.  ■» 

r     It  became  sQhd  at  \\9^\  It  otyslalr 
94-4^  Kaed  in  needles  united  in  the  form  of  a 
(.funnel. 

T]|e  syrup  of  dioswietppncipltvc^^iod 
8-2. 


96-1- 


49J 


{. 


*  This  means  the  salt  which  we  obtain  afUr  having  neatnlized  by  Voiytei  the  product  of  die 
distillation  of  the  aqueous  fluid,  which  was  procured  own  the  Map  that  had  been  c* 
by  tartaric  acid. 
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All  tbe  toftpft  of  fteuiM  ircne  •tulyaed  by 
th^  same  pvooen  «•  Uw  soap  of  die  £m  f lom 
which  they  bad  b«en  exHseted:  tbare  vas 
piocured  from  di«m  the  pewljr  aupcv-nuur. 
gante  of  potash  and  th«  deate;  hut  the  first 
was  much,  more  abundhnt  than  the  seoood. 
The  maigftdc  acid  of  the  steannes  had  pte^ 
ciiiely  the  same  capacity  for  saturatiob  w  that 
whidi  waa  eztrscted  fioin  the  soaps  formed  of 
£aL  The  oHUgaiic  acid  of  the  stearine  of  the 
sheep  waa  fusiUe  at  U4S  and  that  of  the 
Btearine  of  the  ok  at  143»&®  $  while  tiie  mar- 
garic  acids  of  the  hog  and  the  goose  had 
nearly  the  same  ftisibilit^  with  the  maxgane 
acid  of  the  fat  of  these  anifflals. 

On  Spermaceti^  or,  as  M.  Chevreul  tech- 
nically  dalls  it,  cetine.  In  the  fifth  memoir, 
in  which  we  have  an  account  of  many  of  the 
properties  of  this  substance,  it  was  stated,  that 
It  is  not  easily  saponified  by  potash,  but  that 
it  is  converted  by  this  reagent  into  a  substance 
which  is  soluble  in  water,  but  has  not  thesac* 
charine  fiavour  of  the  sweet  principle  of  oils ; 
into  an  acid  analogous  to  the  margaric,  to 
whidi  the  name  of  cetic  was  applied ;  and 
into  anodier  acid,  which  was  conceived  to  be 
snalogoos  to  tbe  oleic.  Since  he  wrote  the 
fifth  memoir,  the  author  has  made  the  follow- 
ing observations  on  this  subject  :-~-l.  That 
the  portion  of  the  soap  of  cetine  which  is 
inaolable  ui  water,  <x  the  estate  of  potatib,  is 
'  in  part  geUdnoits,  and  in  partpearly ;  3.  That 
two  kinds  of  crysfesh  were  produced  from  the 
cetate  of  potash  which  had  been  disscdved  in 
alcohol:  3.  That  the  cetate  of  potash  exposed, 
under  a  bell  ^ass,  to  the  heat  of  a  stove, 
produced  a  sublimate  of  a  fatty  matter  which 
vas  not  acid.  Fions  this  drcumslanee^  M. 
Chevreul  was  Isd  to  suspect;  that  the  supposed 
cetic  add  m^ht  be  a  combioatioD,  or  a  mtz^ 
tute  of  mai^garic  add  and  of  a  fatly  body 
vhidi  was  not  add.  He  aoooidiogly  treated 
s  floall  quantity  of  it  with  barytio  water,  and 
boiled  the  «0i^>  whidi  was  foniied  in  altohol; 
^  greatest  part  of  it  was  not  dissolved,  and 
the  alcoholic  solution,  when  egsled,  filtered, 
»d  distiOed,  produoed  a  seaiduom  of  litty 
i&stter  which  was  not  acid»  The  snspidon 
being  thus  oonfirmed,  M.  Chcvieid  determined 
to  subject  oetine  to  a  new  train  of  expeilmenta. ' 
Being  trealsd  with  boiling  alcohol,  a  cetine  was 
P't'cured,  which  was  iusiUe  at  120«,  and  a 
yellow  fatty  mattar  which  began  to  become 
^  solid  at  99-50,  and  which  at  73-5^  oontained  a 
"uid  oil,  which  was  separated  by  filtratibo. 

Sapomficatiom  qf  tks  Eldutea  by  Potash.^ 
The  decemmiatioD'of  the  sohible  mat&r  which 
the  elatneB  yield  to  water  in  the  ptocess  of 
J'l^^'iufieatioo,  ia-mudti  more  difficult  than  the 
^'^tenniaation  of  the  same  point  with  respect 
to  the  stearmes.  The  stearines  are  less  sub- 
A^  '^  bechan^  than  the  daines;  it  is  less 
«fficuU  to  obuin  the  steaiUes  in  an  onifiinnly 
P^itstift  bcddca,  the  sapooifiod  fats  of  the 
stearines  being  less  ftidbk)^  the  saponified 


slauica,  it  is'ltaa  twy  to  wdgh  thsn  vMloui 
lose.  The  daines  of  the  sheep,  the  hog,  the 
jaguar,  and  the  goose,  extracted  by  aMMil, 
yield  by  the  action  of  potash, 

Of  saponified  fill,    89  parts 

Of  soluble  matter,  11 
The  daine  of  the  ox  extiacted  in  the  same 
mannfff  yields, 

Of  saponified  fat,  92-6  porta 

Of  soluble  matter,  7*4 
The  difiersnt  kinds  of  fiu,  cenddeied  ai  thdr 
natural  state,  are  distinguished   ftom  each 
other  by  their  colov,  odour,  and  fluidity. 

The  stearines  of  the  sheep,  theox,  and  the 
hog,  have  the  same  depee  of  solubility  in 
alcohol^  the  steadne  of  man  is  a  little  more 
solttble^  whUe  that  of  the  goose  is  twice  as 
much'  so^  The  da&ies  of  man,  of  the  sheep^ 
tbe  ox,  the  jasuar,  and  the  hog,  have  a  spe* 
dfic  gravity  of  about  •916 ;  that  of  jthe  goose 
of  about  •929.  The  damei  of  the  sheep,  the 
ox,  and  the  hog»  have  tbe  same  solnbili^  in 
alcohol;  theehuneoftbegooseiaaUStlenow 
soluble.  On  the  other  hand,  the  margarie 
#cids  of  mtn,  of  the  hag,  of  the  jaguar,  and  of 
the  goose,  cannot  be  jbtinguished  ftom  eadi 
other;  those  of  the  sheep  and  the  ok  differ  a 
few  degrees  in  their  mdtmg  peine,  aad  a  little 
also  in  thdr  fonn«  As  for  the  sUgbrt  di^ 
fereooes  which  the  oleic  adds  present  tfaq^ 
are  not  foffidently  pseeise  Ibr  as  to  be  ahle  to 
particulariae  them.    See  Aoid  (Oleic). 

M.  Dttpuy  has  shown  that,  m  the  distilla* 
tions  of  oils,  if  thotemperatore  be  not  raised  to 
ebttlKlioB,  a  solid  product  is  obtained,  which 
constitutes  three-fourtiis  of  the  quantity  of  ofl 
employed ;  whiles  if  this  point  be  exceeded,  a 
liquid  product  is  constantly  formed,  during  the 
wnol$  course  of  the  operation.  Thus  with  100> 
parta'of oil,  the  profucH  wen  as  foUom  :— 


Solid 

Liquid 

ChaicoBl< 


76-470 
23-529 

a-67a 

103^ 


Thoffdid  matter  is  of  a  condalsnce  approaeh** 
log  that  of  hog's  hud;  it  is  yellowish  wt  the 
efnmencement  of  the  operation,  and  of  less 
consistence  Ih  but  by  d«g^ecs  it  acquires  more, 

3|d  beosmes  of  a  very  fine  white  colonr. 
nualet  de  Chtmk^  x:dx.  319* 
FAT  LUT£.    A  compound  of  linseed  dl 
and  pipe  clay,  of  a  doo^y  consistence. 
F£CULA.    See  Stasch. 
FJBCUIiA.    Green  of  phmts.    SeeCHLO- 

VePPBYLE. 

FELSPAR.  This  important  mineralgenus 
is  distributed  by  Professor  Jameson  into  four 
spedes,  vis.  prigmatic  felspar^  pyramidal  fd« 
spab  prismato-pyiamidal  felq^iar,  and  rhom- 

L  Prismatic  fd^ar  has  9  sab-spedes; 
L  Adwhida;  2.  Glassy  febpar ;  3. Ice-spar; 
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4.  Commoii  fdipir ;  &  IMmdott  fidflpw ; 
6.  ComiMCtfelipar;  ?.  dinktlioiie ;  8.  Eaitfay 
eommon  fokpar ;  aod,  0.  PoitdAin  earth. 

1.  Aduiaria,  Cokmr  greenish-white ;  in- 
detcent ;  a&d  in  thin  pbtee,  p«le  flesb-red  by 
transmitted  light.  Masiire  and  crystallized. 
Piimiti^e  facm  ;  an  oblique  fimr-eided  prism, 
with  2  broad  and  2  nanow  lateral  phwes; 
the  lateral  edges  are  liiO»  and  0O«.  Secondary 
fonns ;  an  otaliqiie  foor-sided  prism,  a  broad 
'  rectangular  six-sided  prism,  a  six-sided  table, 
and  a  rectangular  fouiHiided  prism.  Some- 
times twin  crystak  occur.  The  lateral  planes 
of  the  prism  are  longitudinally  streaked.  Lustre 
splentot,  intennediate  between  Tltreous  and 
pearly.  Cleavage  threefold.  Fractare  im- 
perfect coDchoidaL  SemitianspaicDt  A  beau- 
tiful pear^  light  ia  sometimes  seen,  when  tbe 
specimen  is  ?iewed  in  the  direction  of  the 
broader  lateral  planes.  Redacts  double. 
Harder  then  apitite,  but  softer  than  ouartz. 
Easily  tnxmDle,  Sp^  or.  2*6.  It  mdts  be- 
fore the  bfowp^  without  addition,  into  a 
whitft4X)louied  transparent  glass.  Itsconsti- 
tuenu  are,  64  silica,  20  alumina,  2  lime,  and 
14  potash.—  Vattfueliru 

It  occurs  in  contemporaneous  Teins,  ordrusy 
cavities,  in  granite  and  gneiss,  in  the  island  of 
Arran,  in  Norway,  Switzerland,  France,  and 
Germany.  The  finest  crystals  are  found  in 
the  mountain  of  Stella,  a  part  of  St  Oothard. 
Rolled  pieces,  exhibiting  a  most  beautiful 
pearly  light,  are  collected  in  the  island  of 
Ceylon.  Moonstone  aduliria  is  found  in 
Greeidand ;  and  all  the  varieties  in  the  United 
States.  Under  the  name  of  moonstone  it  is 
worked  by  lapidaries.  Another  variety  ftpm 
Siberia  is  called  sunstone  by  the  jewellers.  It 
is  of  a  yellowish  colour,'and  mvnberless  golden 
spots  i^pear  distributed  through  its  whxA/t 
substance.  These  reflections  of  light  are  either 
from  minute  iissures,  or  irregtiar  cleavages  of 
the  mineral.  The  aventurioe  felspar  of  Anfa- 
angel  i^ipears  to  be.  also  sunstone.  It  is  the 
hyal<ndes  of  Theophrastus. 

2.  Gkuiy  felspar.  Colour  greyish-white. 
Crystallised  m  broad  rectangular  four-sided 
prisms,  beveU«d  on  the  extremities.  Splendent 
and  vitreous.  Cleavage  threrfold.  fracture 
uneven.  Transpaient.  Sp-  gr>  2.67*  It  meits 
without  addition  into  a  grey  semttranspaient 
glass.    Its   eonstituenti    alt   68    silica,    16 

alumina,  14*6  potash,  and  0«6  oxide  of  iron. 

Klapr.    It  occurs   imbedded  in  pitch-stone 
porphyry  in  Arran  and  Rum. 

3.  tee- spar.  Colour  greyish-wMte.  Mas- 
sive, cellular  and  porous ;  and  cryttalUzed  in 
small,  thin,  longpah  rix-sided  tables.  Thd 
lateral  planes  are  longitudinally  streaked. 
Lustre  vitreous.  Cleavage  imperfect  Trans- 
lucent and  transparent  Hard  as  common 
lelmr,  and  easily  fi»ngible.  It  occurs  along 
with  nepheline,  meionite,  mica,  and  horn- 
blende,  at  Monte  Somma  near  Naples. 

:    4.    Common  fiUpar,    Colouis  n^ila  and 


red,  of  various  shades  :  ranly  given  sad  blue. 
Massive,  disseminated  and  oystalHaed,  in  a 
very  oblique  foor-sided  prism;  an  acute 
Aombus;  dongated  octohedron;  a  bnsd 
equiangular  six-sided  prism ;  a  lectangulsr 
four-aided  prism ;  and  twin  cryatala ;  wfaid 
ibims  are  divers^ed  by  various  bev^dmeois 
and  truncations.  Cleavage  thxeeftld.  Lostie 
moie  pearly  than  Titreous.  Fnctuze  uoevea. 
Fragments  rhomboidal ;  and  have  only  Ibv 
splCTdent  facea.  Translucent  on  the  e^gcs- 
Less  hard  than  quartz.  Easfly  firangilik. 
Sp.  gr.  2.57.  It  is  fusible  without  additioB 
into  a  grey  semitranspaccnt  ^aas.  Ia  eoo- 
stituents  are  as  follows  r 

SiberisD  green    iletb-red  Fcisntrfiraa 
feUpsr.  felspar.  Pmmo. 


96.85 

Vauq. 


98.25 
Ease. 


BmAoU. 


feUpsr. 

Silica,  62.83  66.75  60.2S 

Alumina,        17.02  17-50  22.M 

Lime,  3.00  1.25  0.7& 

Potash,  13.00  12.00  14.00     i 

Oxide  of  iron,   1.00  0-75  water,    1.00 


Felspar  is  one  of  die  most  abundant  mi- 
nerals, as  it  forms  a  principal  constituent  pan 
of  granite  and  gneiss,  and  occurs  occasioniDy 
mixed  with  mica-slate  and  day-date.  It  u 
also  a  constituent  of  whitestone  and  syeniiB. 
It  forms  the  basis  of  certain  porphyries. 
Greenstone  is  a  compound  of  common  febpsr 
and  hornblende.  The  moat  beautifiil  crystab 
of  it  occur  in  the  Alps  of  Switserland,  in 
Lombardy,  Prance,  and  Siberia,  in  veins  of 
contemporaneous  formation  with  the  granite 
and  gneiss  rocks.  It  occurs  abundantly  in 
transition  mountams,  and  in  those  of  the  se- 
condary class.  Under  the  nam^  of  petunse, 
it  is  an  ingredient  of  Chinese  porcehun.  VThen 
the  green  varieties  are  spotted  with  vrhite, 
they  are  named  aventuriiu  ftlspar.  Another 
green  Variety  from  Soudi  America  ia  caUcd 
the  Amason-stone,  from  the^nver  where  it  is 
found. 

&  hkbraiore  fdspair.  Colour  grey  of  va- 
rious shades,  Wlan  light  falls  on  it  in  ootain 
.directions,  it  exhibits  a  great  variety  of  beau- 
tiful cdours.  It  occurs  massive,  or  in  wOed 
pieces.  Cleavage  splendent.  Fractare  glisten- 
ing. Lustre  between  vitreous  andpearly.  It 
breaks  intorhomboidal  fragments.  Translucent 
in  a  very  low  degree^  Less  easily  frangible 
than  common  felspar.  Sp.  gr«  2-6  to  2.?.  It 
is  less  ftttible  than  commooMspar.  It  ooeuit 
in  ndled  masses  of  syenite,  in  whidi  it  is  ss- 
sodated  with  cofnmon  hornblende,  hyperstoM^ 
and  magnetic  faonsttone^  in  Ae  islaiid  of  St 
Fsul  on  the  coast  of  I«abradore.  It  is  found 
round  Laurwig  in  Norway. 

6.  Compact  febpar.  Colours,  white,  gray, 
green,  and  red.  Massive,  disseminated,  and 
crystallized  in  rectangular  four-tided  prisms. 
Lustre  glistening,  i^or  glimmcfil^.     FVactuie 
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splintetj  and  e? fsi.  TnnslaoeiU  only  on  the 
edges.  EasOv  frangible.  8p.  gr.  2.69.  It 
melts  with  difficulty  into  a  whitj«h  enamd. 
Its  oomtituents  aie,  61  silica,  S0<6  alumina, 
11-25  lime,  1-75  iron,  .4  soda,  1 '26  water.— 
KUipr,  It  occurs  in  mountain  masses,  beds 
and  veina:  in  the  Pentland  hills,  at  Sala, 
Dannemora,  and  UaOefors  in  Sweden ;  in  the 
iJaxon  Ene-gebirgc*  and  the  Hartz. 

7.  Clinktiime;  which  see. 

8.  Earthy  commimjbbpar.  This  seems  Co 
be  disentcgrated  common  felspar. 

9.  Porcelain  earth.    SeeCLAV. 

IT.  PyrofmdaifeUpar,  See  Scapolitb, 
and  Elaolits. 

III.  PrUmato^^ramidal  felspar.  See 
3f£ioiriT£. 

IV.  Bhombciddlfilspar,  SeeNcpuELiNE. 

Chiastolite  and  sodaltte  have  also  been  an. 
ncxcd  to  thfagpeqes  by  Professor  Jameson. 

FERMENTATION.  When  aqueous  com- 
Unatbnt  of  vegetable  or  animal  matter  ore 
exposed  to  ordJuiary  atmospherical  tempera- 
tures, they  n>eedily  undergo  spontaneous 
diaoges,  to  wnich  the  generic  nam^  of  fer- 
rnentaiiim  has  been  given.  Animal  liquids 
alone,  or  mixed  with  vegetables,  speedily  be- 
oome  sour.  The  act  which  occasion  this  al- 
terstion  ia  called  acetous  fermentation,  because 
the  product  is,  gencxally  speaking,  acetic  acid, 
or  vinegar.  But  when  a  modoately  strong 
solodon  of  saccharine  matter,  or  saccharine 
matter  and  starch,  or  sweet  juices  of  fruits, 
wlTer  this  intestine  change,  the  result  is  an 
intoxicating  liquid,  a  beer,  or  wine ;  whence 
the  prooeaa  ia  called  vinous  fermentation. 
An  lUterior  changs  to  which  all  moist  animal 
and  vegetable  matter  is  Ibible,  accompanied 
by  the  disengngement  of  a  vast  quantity  of 
fetid  gasety  is  called  the  putrefactive  femoen^ 
'  tatiflo. 

Each  of  these  processes  goes  on  most  rs. 
pidly  at  a  somewhat  elevated  temperature, 
Mich  as  80»  or  lOO"  Fahr.  It  is  for  these 
reasons  that,  in  tropical  countries,  animal  and 
vegetable  substances  are  so  speedily  deoom- 
posed. 

Aa  the  ultimate  constituents  of  vegetable 
matter  are  oxygen,  hydrogen,  and  carbon ; , 
and  of  amnud  matter,  me  same  three  principles 
with  azote,  we  can  readily  understand  that  all 
die  products  of  fermentation  mast  be  merdy 
"<!w  compounds  of  these  three  or  four  ultimate 
constituents.  Accotdingly,  100  parts  of  real 
▼inegar,  or  acetic  acid,  are  resolvable,  by  MM. 
Gay  Lussac  and-  TbenardV  analysis,  into 
50-224  carbon  -f  46-91 1  hydrogen  and  oxygen, 
aa  they  exist,  in  water,  +  2*863  oxygen  in 
<3tcesB.  In  like  manner,  wines  are  all  resolv- 
able  into  Uie  same  ultimate  components,  in 
proportions  somewhat  difierent.  The  aeriform 
nxulti  of  putre&ctive  fermentation  are  in  like 
manner  found  to  be,  hydrogen,  carbon,  oxygen, 
and  azote,  variously  combined,  and  associated 
with  rointttc  quantities  of  sulphur  and  phos- 


phorus. The  residuary  matter  oonsixts  of  tlic 
same  principles,  mixed  with  the  saline  and 
earthy  parts  of  animal  bodies. 

Lavoisier  was  the  first  philosoplier  who  in- 
stituted,  on  right  principles,  a  series  of  ex. 
periments  to  investigate  the  phenomena  of 
fermentation,  and  they  were  so  judiciously 
contrived,  and  so  accuratdy  conducted,  as  to 
give  results  comparable  to  those  derived  Tram 
the  more  rigid  methods  of  die  present  di^. 
Since  then  M.  Thenard  and  M.  Oay  Lussac 
have  each  contributed  most  important  re. 
searches.  By  the  kboors  of  these  three  il. 
lustrious  chemists,  those  material  metamor- 
phoses, formerly  quite  mysterious,  seem  sus- 
ceptible of  a  satisfactory  exphmatlon. 

1 .  Vmout  firmentatiaru  As  sugar  is  a 
substance  of  uniform  and  determmate  com- 
position,  it  has  been  made  choice  of  for  de- 
termining the  changes  which  arise  when  its 
solution  is  fermented  into  wine  or  alcohol. 
Lavoisier  justly  regarded  it  as  a  true  vegetable 
oxide,  and  stated  its  constituents  to  be,  6  hy. 
drogen,  88  carbon,  and  64  oxygen,  in  100 
parts.  By  two  different  analyses  of  Benelius 
we  have. 

Hydrogen,  6-802  6-891 
Carbon,  44115  42-704 
Oxygen,       49-083      50405 


100000     100*009 
MM.  Gay  Lussac  and  Thenard's  analysis 
gives, 

Carbon,         42-47    42.47 
.100-00  100-00 

It  Iu»  been  said,  that  sugar  requires  to  be 
dissolved  in  at  least  4  parts  of  water,  and  to 
be  mixed  with  some  yeast,  to  cause  its  fer- 
mentation to  commenoe.  But  this  is  a  mis- 
take. Syrup  stronger  than  the  above  will 
fennent  in  warm  weather,  without  addition. 
If  the  temperature  be  low,  the  syrup  weak, 
and  no  yeast  added,  acetous  fermentation  alone 
wUl  take  place.  To  determine  the  vinous, 
therefore^  we  must  mix  certain  proportions  of 
saccharine  matter,  water,  and  yeast,  and  place 
them  in  a  proper  tempcnture. 

To  observe  Ae  chemical  dianges  iHiich 
occur,  we  must  dissolve  4  or  5  paM  of  pure 
ngar  in  20  parts  of  water,  put  the  solntion 
into  a  matrasa,  and  add  1  part  of  yeast.  Into 
the  mouth  of  the  matrass  a  glass  tube  must 
be  luted,  which  is  recurved,  so  as  to  dip  into 
the  mercury  of  a  pneomatie  trough.  Iftheiqp. 
paratus  be  now  placed  in  atempcrature  of  from 
70»  to  80«,  we  sliall  speedily  observe  the  syrup 
to  become  muddv,  and  a  multitude  of  air 
bubbles  to  form  all  around  the  fennent  These 
unite,  and  attaching  themselves  to  partides  of 
the  yeast,  rise  along  with  it  to  the  surfiwe, 
fipnmogastntnmoffroth.  The  yeasty  matter 
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wiH  then  dueaaagt  itadf  fiNxn  the  air,  &U  to 
the  bottom  of  Sie  vend,  to  leacquiie  buoy- 
aocy  8  seoond  tiine  by  attached  air-bubbles, 
and  dins  in  suceesaon*  If  we  opente  on  9  or 
4  oonces  of  ausar,  the  fennentadon  will  be  veiy 
rapid  during  &  first  ten  or  twelve  hours ;  it 
wUl  thai  slacken,  and  termioale  in  the  course 
of  a  few  days.  At  this  period  the  matter 
being  deposited  which  disturbed  the  transpa*- 
lency  of  the  liquor,  this  will  beoomedear. 

The  following  changes  have  now  taken 
place:  1.  Thesugariswfaolly,  and  tfaeyeaat 
partially  deoompoeed.  2.  A  quntity  of  al- 
oohol  and  carbonic  add,  together  nearly  in 
weight  to  the  sugar,  is  produced.  3.  A  white 
matter  is  formed,  composed  of  hydrogen, 
oxygen,  and  carbon,  equivalent  to  about  half 
the  weight  of  the  decomposed  lierment.  The 
carbonic  add  passes  over  into  the  pneumatic 
iqtparatus ;  the  alcohol  may  be  separated  from 
the  vinous  liquid  by  distillatJoD,  and  the  white 
matter  falls  down  to  the  bottom  of  themalxasa 
with  the  remainder  of  the  yeasL 

The  quantity  of  yeast  decomposed  ia  veiy 
amall.  100  ps^  of  sugar  require,  for  com- 
plete  decomposition,  only  two  and  a  half  of 
that  substance,  supposed  to  be  in  a  dry  state. 
It  is  hence  very  probable,  that  the  fennent, 
which  has  a  strone  affinity  for  oxygen,  takes  a 
little  of  it  from  toe  saccharine  particles,  by  a 
part  of  its  hydrogen  and  carbon,  and  thus  the 
equilibrium  being  broken  between  the  oon. 
atituent  prindples  of  the  sugar,  these  so  reacjt 
on  each  other,  as  to  be  transformed  into  al- 
cohol and  aubonic  add*  If  we  consider  the 
composition  of  alcohol,  we  shall  find  no  dif- 
ficulty  in  tracing  the  steps  of  this  transfor- 
mation.' If  we  take  40  of  carbon  +  60  of 
water,  or  its  dements,  as  the  true  constituents 
of  sufar,  instead  of  48.47  +  57.63,  and  con- 
vert uese  weights  into  volumes,  we  shall  hava 
for  the  composition  of  that  body,  veiy  nearly, 

by  weighs 
1st,  1  volume  vapour  of  carbon,  =0.416 

1  volume  vapour  of  water,    =  0.626 
or,    1  volume  vapour  of  carbon, 

1  ditto  hydrogen  gas, 

^  volume  oxygen; 
oc,  multiplying  eadi  by  3, 

3  volumes  vapour  of  otfbon, 

3  ditto  hydrogen, 

f  ditto  oxygen. 
9d,  fetus  bear  in  mU,  that  alcohol  is  com. 
posed  of 

9d,  1  voL  carboDie  add  =  1  voL  oxygen  -f- 
1  ToL  vapour  oifcaifaoin. 

4.  NigleotiDg  the  minuto  products  whidi 
the  yeast  furnishes,  in  the  act  of  fermentation, 
let  us  regard  only  the  alcohol  and  carbonic 
add.  We  shall  then  aec,  m  comparing  the 
cooposltionofsugartothat  of  dknholy  that 


totranafonnsugwiatoalcQiMa,  weuMl  vUk- 
draw  from  it  one  volume  of  vapour  of  caaboD, 
and  one  volume  of  oxygen,  whidi  fom  by 
thdr  union  one  volume  of  carbonic  add  aas. 
Finally,  let  us  reduce  the  volumes  into  wemts, 
we  shall  find,  that  100  paru  of  sugar  on^  to 
be  converted,  during  fermentation,  into  5 1-M 
of  alcohol,  and  48*46  of  carbonic  add. 

Those  who  are  partial  to  atomical  langBiy 
win  see,  that  sugar  may  be  repsese&tdl  bj 

Atoms. 
3  vol   vapu  of  cvb.  =:  3  =  2250      4M$ 
3  do.  hydrogen,  =3  =  0-375        BS$ 

f  do.   oxygen,  =  3  =  3-000      S3-3) 


And  alcohol,  by 

2  voL  carbon, 

3  do.  hydrogen,  * 
^  do.  oxygen,     • 


6-626  99.99 

. .  =  2  =  1.600  a3-l6 

.     =3  =  0376  I3L04 

.     =  1  =  14MI0  94^ 


2-875 
And  carbonic  add,  by 
1  voL  oxygen,    •    -     =  2  =  2-00        72-72 

1  do.  vap.  of  Garb.        =  1  =  0-76       27-28 

100^ 

If,  therefore,  from  the  sugar  group,  we  take 
awav  one  atom  of  carbon,  and  two  of  ezygea, 
to  iorm  the  caibooic  add  group  bdow,  we 
leave  an  atomic  asaemblage  for  forming  al- 
cohol, as  in  the  middles  For  this  intermiag 
development  of  the  relation  betweeQ  the  uL 
tunate  constituents  of  sugar  on  ^  one  hand, 
and  aloohol  and  carbonic  add  oo  the  other,  we 
axe  indebted  to  M.  Gay  Luasac 

The  following  comparison,  by  the  same 
philosopher,  iUustrates  these  metanoa 
Sulphuric  ether  is  composed  < 

2  VOL  olefiant  gas,  =  1-94441    _o.isi»^ 

1  VOL  vap.  ofwat.=  0-6330/   -^•«^»« 
And  aloohol  is  composed  of 

2  VOL  olefiant  gas,  =  1M441  _^_,  ^^^ 
2  do.  vap.  of  water,  =  12600  J  ^^-***^ 

Hence,  to  convert  aloohcd  into  elher,  we 
have  only  to  withdraw  fbom  it  one4ialf  of  its 
constituent  water. 

Let  us  now  see  how  for  enieriment  agrees 
with  the  theoretic  deduction,  that  100  parts  of 
sugar,  by  fermentation,  should  give  bfadi  to 
51-66  of  absolute  alcohol,  and  48*46  of  car- 
bonic add.  In  Lavoisier's  elaborate  exped- 
mcQt,  we  find  that  100  parte  of  sugar  afiwied, 
Alcohol,  67-70 

Carbonic  add,       -        35-34 

93-04 

Unfortnnaidy,  this  gnat  cfaemiat  has  omit* 
tad  to  state  the  spwdfic  gravity  of  hia  akoboL 

If  we  assume  it  to  l^ve  been  0-8S9S,  as 
•MtAffitd  for  the  dendty  of  Mgh^  rectified  d- 
oohol  in  the  8th  table  of  the  appendix  to  his 
SiemaUM^  m  shall  find  100  parte  of  it  to 
eoMain,  by  Lswite's  taUe,  87.23  ot  absolute 
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aloohoL,  if  its  tempcratmc  had  been  60*.  But 
as  54*5*  wm  tlie  tiieimcmetric  paint  iodicMed 
in  takng  a|i.  g;nvilies,  we  must  mlucc  the 
density  from  0-8298  to  04»7.  We  shall 
UieB  tind  100  parts  ef  it  to  consist  of  88  of 
abaoliitc  alcohol,  aad  12  of  water.  Hence, 
the  67-7  FBZts  obtained  by  LAVobier  will 
become  60-770  ^  absolute  aloohoL,  which  is 
a  suipriaiBg  acooidance  with  the  theoretical 
quaati^  61 -M.  But  about  four  parts  of  the 
sugar,  or  I.25UL)  had  not  been  dooomposad. 
If  we  add  two  parts  of  alcohol  lor  thu,  we 
would  have  a  small  deviation  from  Aeoiy  on 
the  «dMr  sid&  There  is  no  reaaonable  ground 
for  4|iicBtiining  the  aocDncy  ot  Lavoisier^ 
experiments  on  fermentation.  Any  person 
who  oontidflrs  the  excessive  case  he  has  evi- 
dently bestovcd  on  them,  the  finished  pre. 
cision  of  Yam  apparatus,  and  the  compianmcy 
wkh  which  be  compares  ^  the  substances  sub- 
mitlsd  to  fctmentation,  and  the  products  le- 
suHiag  from  tlwt  operation,  as  fbrming  an 
algebiaic  equation,"  must  h^  convinced  that 
the  reaultB  are  desearving  of  confidence. 

M.  Thenasd,  in  operating  on  a  solotion  of 
300  parts  of  sugar,  mixed  with  00  ef  yeast,  at 
the  tcmpcnrtnte  of  69«,  has  obtaised  such 
results  as  abundantly  oonfinn  the  previous 
detennination  of  Lavoisier.  The  following 
were  the  products : 

Alcohol  of  0*822,         •  171-5 

Carbonic  acid,  !M-G 

Nauseous  residue,         •  12*0 

Residual  yeast,     • 


Loss, 


SOO-0 

ThelaaertwolngBedieBCsniay  be  disregarded 
in  the  calculation,  as  the  weight  of  the  yeast  is 
nearly  emiivalent  to  their  sura. 

DivfdiM  171-6  hy  3,  we  have  57*17  for 
die  w«Eght  of  aloohol  of  0-822  ftom  14M>  of 
sogsi;  In  Che  same  way  weget  81<53  for  the 
caib«ic  arid.  Now,  tphit  of  wine  of  0*822 
oontaiiis  90  per  oent.  of  aUsolnte  alooh<rf, 
WhsBoewe  ind  51*468  iat  the  quantity  of 
absdaie  alcohol  by  Theoavd's  experiment; 
being  apoiieet  aoeoidanee  with  the  meovedcal 
dedActiona  <yf  M .  Gay  Iaivmc,  made  at  a  ntb» 
«r^aieNf  period. 

Uy  M.  LsToisier.       Dy  M.  Thensrd.  By  tbaary. 

From  100  sugar.    Prom  100  do. 
Aba.  ateo.  60*776.         61-468  61.65 

The  ooniddeDee  of  these  three  cesuks  seems 
peribetlydeciRive. 

In  deCermiBhig  thcdenAy  ofabwhtteal- 
osbol,  M.  Oay  I^siac had  occasion  to  observe^ 
that  utisn  aloohol  is  mixed  widi  water,  the 
density  of  the  vapour  is  exactly  the  mean  be* 
Cwoea  the  density  of  the  aloohoKc  vapour  and 
that  «f  the  aqueous  vapour,  notwithstanding 
the  oiiiiity  whidi  tends  to  unite  them.  An 
Important  inference  flows  from  this  observa- 


tion.  The  experiments  of  M.  dc  Saussure,  as 
corrected  by  M.  Uay  liusaac*s  theory  of  vo- 
lumes, deaionstrate,  ihot  the  ai)solute  alcohol 
which  they  employed  contains  no  separable 
portion  of  water,  but  what  ii  essential  to  the 
existence  of  the  liquid  alcohoL  Had  any  fo- 
reign  water  been  present,  then  the  specific 
gravity  of  the  alcoholic  vapour  would  have 
been  proportionally  diminimd;  for  the  va- 
pour of  water  is  less  dense  than  that  of  alcohol, 
m  the  jmiai  of  1  to  mere  than  2}.  But  since 
the  sp.  gravity  of  alcoholic  viqpouT  is  precisely 
that  which  would  sesult  from  the  condensed 
union  of  two  volumes  vapour  of  carbon,  three  ^ 
volumes  of  hydrogen,  and  half  a  vdutne  of 
oxygen,  it  seems  alwurd  to  talk  of  such  al- 
cohol still  containing  8*8  per  cent,  of  water. 

The  writer  of  a  long  article  on  brewmg^  in 
the  supplement  to  the  6th  edition  of  the  l£icy. 
dopeedia  Britannica,  makes  the  following  re- 
marks  in  discussing  M.  Thcnard^s  researches 
on  fermentation.  **  Now,  aloohol  of  the  spe- 
dfic  gravity  0*822  contains  one-tenth  of  its 
weight  of  water,  whidi  can  be  separated  from 
it ;  and  if  we  suppoae  with  Saussure,  thist  ab- 
solute alcohol  contains  8*3  per  ocot.  of  water, 
then  the  products  of  sugar  decomposed  by  fcr- 
mentation,  aocoeding  to  Sausnire's  (Thenard's 
he  means)  experiments,  arc  as  follows : 
Alcohol,        *  '       47*7 

Carbonic  acid,         *       36*34 

88*04 


40*0 

Or  in  100  parts, 

Alcohol, 

*        67*44 

318*1 

Carbonic  acid, 

42*60 

41*0 

100«00 

*'''  This  Nsult  apptoaches  so  nebrJy  to  that 
of  Lavoisier,  that  Uiero  is  reason  to  subpect 
diat  the  coincidence  is  more  than  accidental.*' 
p.  480. 

This  insinuation  ogahist  the  int^ty  of  one 
of  the  first  chemists  in  France  calls  for  re- 
prehension. But  ikrther,  M.  Gay  Lussac's 
account  oi  the  nature  of  alcohol  and  its  vapour 
was  published  a  oonsidenkble  time  before  the 
aitide  ffrweing  a|^eaicd.  Indeed  our  author 
oopies  a  eonridemble  part  of  it,  so  that  the 
above  error  is  less  excusable. 

The  feincBl  or  yeast  is  a  substance  which 
aeponbes  imder  the  form  of  flooculi,  more  or 
leas  viidd,  fttm  all  the  juices  and  infusions 
whiflh  ezperienee  the  vinous  fermentation.  It 
is  commonly  wocaied  from  the  beer  maira- 
fhctories,  and  to  heoee  called  the  barm  of  beer. 
Itmay  be  easSy  dried,  and  is  actually  exposed 
for  sak  m  Paris  under  the  form  of  a  firm  but 
slighdy  cohesive  paste,  of  a  greyish-white 
cotour.  This  poaty  barm  left  to  itself  fai  a  close 
vessd,  at  a  temperature  of  from  66«  to  70»,  is 
deeouqi08ed,.and  undergoes  in  some  days  the 
putrid  fermentation.  Ptaocd  in  contact,  at  that 
temperature,  with  oxygen  in  a  jar  mvcrted  over 
mercury,  it  absorbs  diis  gas  in  some  hours, 
H  u  2 
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and  there  is  produced  carbonic  add  and  a  little 
water.  Exposed  to  a  gentle  heat,  it  loses  more 
than  two.thirda  of  its  weight,  becomes  dry, 
hard,  and  brittle,  and  may  in  this  state  be 
preserved  foi  an  indefinite  time.  When  it  is 
more  highly  heated,  it  experiences  a  complete 
decomposition,  and  fumisbes  all  the  products 
which  usually  result  from  the  distillation  of 
animal  substances. 

It  is  insoluble  in  water  and  alcohoL  Boiling 
water  speedily  deprives  it  of  its  power  of 
readily  exciting  fermentation.— In  &ct,  if  we 
plunge  the  solid  yeast  into  water  for  ten  or 
4  twelve  minutes,  and  place  it  afterwards  in 
contact  with  a  saccharine  solution,  this  exhibits 
no  Sjrmptom  of  fermentation  for  a  long  period. 
By  that  heat,  the  ferment  does  not  seem  to 
lose  any  of  its  constituents,  or  to  acauire 
othen.  Its  habitudes  with  acids  and  alkalis 
have  not  been  well  investigated.  From  The- 
nard*s  researches,  the  fermenting  principle  in 
yeast  seems  to  be  of  a  caseous  or  glutinous 
nature. 

It  is  to  the  giluten  that  wheat  flour  owes  its 
property  of  making  a  fermentable  dough  with 
water.  This  flour  paste  may  indeed  be  re- 
garded as  merely  a  viscid  and  elastic  tissue  of 
gluten,  the  interstices  of  which  are  filled  with 
starch,  albumen,  and  sugar.  We  know  that 
it  is  ftom  the  ^uten  that  the  dough  derives 
its  property  of  rising  on  the  admixture  of 
leaven.  The  leaven  acting  on  the  sweet  prin- 
ciple of  the  wheat,  gives  ri4e  in  succession  to 
the  vinous  and  acetous  fermentations,  and  of 
consequence  to  alcohol,  acetic  and  carbonic 
acids.  The  Utter  gas  tends  to  fly  off,  but  the 
gluten  resists  its  disengagement,  expands  like 
a  membrane,  forms  a  multitude  of  little 
cavities,  whidi  give  lightness  and  sponginess 
to  the  bread.  For  the  want  of  ^uten,  the 
flour  of  all  those  grains  and  roots  which  con- 
sist chiefly  of  starch  are  not  capable  of  making 
raised  broid,  even  with  the  addition  of  leaven 
or  yeast.  There  does  not  appear  to  be  any 
peculiar  fermentation  to  which  .  the  name 
panary  should  be  given. 

When  it  is  required  to  preserve  fermented 
liquora  in  the  state  produced  by  the  first  stage 
oi  fermentation,  it  is  usual  to  put  them  into 
casks  before  the  vinous  process  is  completely 
ended;  and  in  these  dosed  vessels  a  diange 
very  slowly  continues  to  be  made  for  many 
montlis,  and  perhaps  for  some  years. 

But  if  the  fenneotadve  process  be  su&red 
to  proceed  in  open  vessds,  more  especially  if 
the  temperature  be  raised  to  90  degrees,  the 
acetous  fermentation  comes  on.  In  this,  the 
oxygen  of  the  atmosphere  is  absorbed;  a2nd 
the  more  speedily  in  proportion  as  the  surfaces 
of  the  liquor  are  often  changed  by  lading  it 
i  rom  one  vessd  to  another.  l%e  usual  method 
consists  in  exposing  the  fermented  liquor  to 
the  air  in  open  casks,  the  bunghole  of  whldi 
is  covered  with  a  tile  to  prevent  the  entrance 
of  tlic  rain.     By  the  absorption  of  oxygen 


whidi  takes  pUce,  the  infla]mi]id>lc  sporrC 
becomes  converted  into  an  add.  If  tbeliqud 
be  then  exposed  to  distillatioa,  pure  vnegar 
comes  over  instead  of  ardent  spirit. 

When  the  spontaneous  deoomparidon  i» 
suffered  to  proceed  beyond  the  acetous  pnioeas 
the  vinegar  becomes  viscid  and  foul;  air  » 
emitted  with  an  offensive  smeU ;  volatile  alkaB 
flies  off;  an  earthy  sediment  is  depoaited;  and 
the  remaining  liquid,  if  any,  is  mere  wala. 
This  is  the  putrdactive  nrooess. 

The  fiarmentation  by  which  certain  c 
matten  are  separated  from 
the  preparation  of  woad  and  indigo,  is  < 
much  nirther,  approaching  to  the  ] 

It  is  not  deariy  ascertained  what  the  yeast 
or  ferment  performs  io  this  operataoD.  It 
seems  probable,  that  the  fermentative  process 
in  considerable  masses  would  be  earned  oa 
progressively  from  the  soifiue  downwards ; 
and  would,  perhapa,  be  completed  in  one  part 
before  it  had  perfectly  commenced  in  anodier, 
if  the  yeast,  which  is  already  in  a  slate  of 
fermentation,  did  not  cause  the  proceas  to 
begm  in  every  part  at  onoe^  See  Brkao, 
Distillation,  PtTTEEFACTioir.  Ai.co- 
HOL,  WixE,  Acid  (AceticX  Vegeta- 
ble Kingdom. 

FERROCYANATES.   See  Acid  (Fm- 

BOPRUSSIC). 

FERROCYANIC  ACID.  See  Acid 
(Ferboprdssic). 

FERROPRUSSIC  ACID,  and  FKR- 
ROPRUSSIATES.     Sec  Acid  (Feako- 

PRUSSIC). 

FERRURETTED  CHYAZIC  ACID. 

The  same  as  Ferroprusslc 

FETSTEIN.    ElaoUte. 

FIBRIN.  A  peculiar  oiganic  oompoond 
found  both  m  v^etabUs  and  animals.  -  Vau- 
qudin  discovered  it  in  the  juice  of  the  papaw 
tree.  Itisasoft8olid,ofagnBsy  appeannce, 
insoluble  in  water,  which  soAena  in  tlie  air, 
becoming  visdd,  brown,  and  8e&Qi.tiaDspaient. 
On  hot  coals  it  mdta,  throws  out  greasy 
drops,  craddes,  and  evc^Tes  Ae  moiw  and 
odour  of  roasting  meat  FibriD  is  pfoenicd, 
however,  in  its  most  diaracteristic  state  from 
animal  matter^  It  exists  in  chyle ;  it  entos 
into  the  composition  of  blood ;  of  it,  die  chief 
part  of  muscular  flesh  is  fonned ;  and  hence  it 
may  be  regarded  as  the  most  abundant  con- 
stituent of  the  soft  solids  of  animals. 

To  obtain  it,  we  may  beat  blood  as  it 
issues  from  the  veins  with  a  bundle  of  twioBi 
Fibrin  soon  attadies  itadf  to  each  stem,  under 
the  firnn  of  long  reddish  filaments,  which 
become  colourless  by  washing  them  with  cold 
water.  It  is  solid,  white,  insipid,  without 
smell,  denser  than  water,  apd  incapable  of 
affecting  the  hue  of  litmus  or  vidleta.  When 
moist  it  possesses  a  species  of  elastidty ;  ^y 
desiccation  it  becomes  yellowish,  hara*  and 
brittle.    Bv  distiUation  we  can  extract  from  it 
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vnubh  eaot-bonate  of  ammonu,  some  acetate,  a 
fetid  brown  oil,  and  gaseous  prodacts;  while 
there  reniaina  in  the  retort  a  very  luminous 
chareoal,  very  brilliant,  difficult  of  ineinera- 
tion,  which  leayea,  afVer  combustion,  phosphate 
of  lime,  a  little  phosphate  of  magnesia,  car. 
Ixmate  of  lime,  and  carbonate  of  soda. 

Cold  water  has  no  action  on  fibrin.  Treated 
with  bmling  water,  it  is  so  changed  as  to  lose 
the  propertj  of  softening  and  dissolving  in 
acetic  aod.  The  liquor  filtered  firom  it,  yidds 
precipitates  with  infusion  of  galls,  and  the 
lesidae  is  white,  dry,  hard,  and  of  an  agreeable 


When  kept  for  some  time  in  alcohol  of 
0.810,  it  gives  rise  to  an  adipocerous  matter, 
having  a  stioog  and  disagreeable  odour.  This 
matter  remains  dissolved  in  the  alcohol,  and 
niay  be  precipitated  by  water.  Ether  makes 
it  undogo  a  similar  alteration,  but  more 
slowly.  When  digested  in  weak  muriatic 
acid,  it  evolves  a  little  asote,  and  a  compound 
is  formed,  hard,  homy,  and  which,  washed 
rq^eaiedly  with  water,  is  transformed  into 
another  gelatinous  compound.  This  seems  to 
be  a  neutral  muriate,  soluble  in  hot  water; 
whilst  the  first  is  an  add  muriate,  insoluble 
even  in  boiling  water.  Sulphuric  add,  diluted 
wUh  six  times  its  weight  of  water,  has  simQar 
effects.  When  not  too  concentrated,  nitric 
add  has  a  very  difibent  action  on  fibrin.  For 
example,  when  its  sp.  gr.  is  1.26,  there  results 
from  it  at  first  a  disengagement  c^  azote,  while 
die  fibrin  becomes  covend  with  fat,  and  the 
liquid  turns  yellow.  By  digestion  of  24 
houn,  the  iriiole  fibrin  is  attacked,  and  con- 
verted into  a  pulverulent  mass  of  lemon- 
yellow  colour,  wnich  seems  to  be  composed  of 
a  mixture  of  fat  and  fibrin,  altered  and  inti. 
loatdy  combined  with  the  malic  and  nitric  or 
nitrons  adds.  In  &ct,  if  we  put  this  mass 
on  a  filter,  and  wash  it  copiously  with  water, 
it  will  pwt  with  a  portion  of  its  add,  will 
fffeserve  the  property  of  reddening  litmus,  and 
wiU  lake  an  orange  hue.  On  treating  it  after, 
wards  with  boiling  alcohol,  we  dissolve  the 
fiitty  matter;  and  potting  the  remainder  in 
contact  with  chalk  and  water,  an  effervescence 
will  be  oocasiooed  by  the  escape  of  carbonic 
add,  and  malste  or  nitrate  of  lime  will  remain 
insdudon. 

ConoentnUed  acetic  add  renders  fibrin  soft 
at  ordinary  tempemtures,  and  converts-  it  by 
the  sid  of  heat  into  a  jdly,  which  is  soluble 
in  hot  water,  with  the  &eng^emexii  of  a 
small  quanti^  of  asote.  This  solution  is 
ooknurlns,  and  possesses  little  taste.  Evapo- 
rated to  diyness,  it  leaves  a  transparent  residue, 
fduch  reddens  litmus  paper,  and  which  cannot 
be  dissolved  even  in  boiUng  water,  but  by  the 
medium  <^  more  acetic  add.  Sulphuric, 
nitric,  and  muriatic  adds,  predpitate  the 
ammsl  matter,  and  form  add  combinations. 
Potash,  soda,  ammonia,  effect  likewise  the 
piedpitatloa  of  this  matter,  provided  we  do 


not  use  too  great  an  excess  of  alkali ;  for  then 
the  precipitated  matter  would  be  redimolved. 
Aqueous  potash  and  soda  gradually  dissolve 
fibrin  in  the  cold,  without  occasioning  any 
perceptible  change  in  its  nature;  but  with  heat 
they  decompose  it,  giving  burth  to  a  quantity 
of  ammoniacal  gas,  and  other  usual  animal 
products.  Fibrm  does  not  putrefy  speedily 
when  kept  in  water.  It  shrinks  on  exposure 
to  a  considerable  heat,  and  emits  the  smdl  of 
burning  horn.  It  is  composed,  according 
to  the  analysis  of  MM.  Gay  Lussac  and 
Thenaid,of 
Carbon,  53.360 

Azote,  19.934 

Oxygen,         19.685  )  22.14  water 
Hydrogen,        7-021  )   4.56  hydrogen. 
FlBROLITE.    Colours  white  and  grey ; 
oystallized  in  rhomboidal  prisms,  the  angles 
of  whose  planes  are  80^  and  100"*.     It  is  glis- 
tening  internally.     Prindpal  fracture  uneven.     1 
Harder  than  quartz.     Sp.   gr.  3.214.     Its    ^ 
constituents  are  alumina  58.25,  silica  38,  u:on 
and  loss  3.75.     It  is  found  in  the  Camatic. — 
JamcMn. 

FIGURESTONE.    See  Bilbesteik. 
FILTRATION.    An  operation,  by  means 
of  which  a  fiuid  is  mechanically  separated 
fVom  consistent  partides  merdy  mixed  with  it. 
It  does  not  difi*er  fiiom  straining. 

An  apparatus  fitted  up  for  this  purpose  is 
called  a  filter.  The  form  of  this  is  various, 
aoconding  to  the  intention  of  the  operator.  A 
piece  of  tow,  or  wool,  or  cotton,  stuffed  into 
the  pipe  of  a  funnel,  will  prevent  the  passage 
of  grosser  partides,  and  by  that  means  render 
the  fiuid  dearer  which  comes  through.  Sponge 
is  stQl  more  effectual.  A  strip  of  linen  rag 
wetted  and  hung  over  the  dde  of  a  vessel  con- 
taining a  fiuid,  in  such  a  manner  as  that  one 
end  of  the  rag  may  be  immersed  in  the  fiuid, 
and  the  other  end  may  renudn  without,  bdow 
die  surface,  will  act  as  a  syphon,  and  carry 
over  the  dearer  portion.  Linen  or  woollen 
stuffs  may  dther  be  fkstened  over  the  mouths 
of  proper  vessels,  or  fixed  to  a  frame,  like  a 
sieve,  for  the  puipose  of  filtering.  All  these 
are  nM>re  commonly  used  by  cooks  and  apothe- 
caries than  by  philosophical  chemists,  who, 
for  the  most  part,  use  the  paper  called  cap 
paper,  made  up  without  size. 

As  the  filtration  of  considerable  quantities 
of  fiuid  could  not  be  effected  at  once  without 
breaking  the  filter  of  paper,  it  is  found  requi- 
d]^  to  use  a  linen  doth,  upon  which  the  paper 
is  applied  and  supported. 

Predpitates  and  other  pulverulent  matters 
are  cdlected  more  speedily  by  filtration  than 
by  subsidence.  But  there  are  many  chemists 
who  disclaim  the  use  of  this  method,  and  avail 
themselves  of  the  hitter  only,  which  is  certainly 
more  accurate,  and  liable  to  no  objection, 
where  the  powders  are  such  as  will  admit  of 
edulcoration  And  drying  in  the  open  air. 
Some  fluids,  as  turbid  water,  may  be  purl- 
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ffcd  hf  mttring  Ummgh  sand.  A  Uige 
eftrthen  funnel,  or  stone  bottle  with  the  bottom 
beaten  out,  may  have  its  neck  loosely  stopped 
with  small  stones,  over  which  smaller  may  be 
placetl,  mipperting  layen  of  gravd  tncreaiiiiig 
in  finenesa,  and  lastlv  covered  to  the  depth  of 
a  few  inches  with  fme  sand,  all  thoroughly 
cleansed  by  washing.  This  appsntua  is  su- 
perior to  a  filtering  stone,  aa  it  wiU  deanso 
water  in  large  quantitieav  and  may  readily  be 
renewed  when  the  passage  is  obaimcted,  by 
taking  out  and  washing  tfat  upper  stiatiun  of 
sand. 

A  filter  for  corrosive  Hqnors  may  be  can-, 
structed,  on  the  same  priiidples,  of  broken 
and  poimded  g^sM. 

FIORITE.  Pearl  dfaiter,  a  volcanic  pro- 
duetion,  chiefly  silica,  hi  a  stalacdtical  fbrm. 

FIRE.  See  Caloeic  and  Combustiok. 

FIRB-DAMP.     Sec  CoMBumoK  and 

CaBBU RETTED  HTDBOOCW. 

FIREWORKS.  Under  Stroiftia,  will 
be  found  a  redpe  for  making  the  red  fire  for 
representing  die  efieet  of  conflagmtioBa  in 
theatres.  The  following  mixture,  when 
burned  before  a  reflector,  sheda  a  beautiful 


It  may  also  be  empfeyed  in  the  chaqges  ef 
fiKWorks  alternating  with  red  and  blue  fiie. 

Take  of  Flowers  of  snlphur 

13  parts 

Nimte  of  barytca 

77 

Chlsnte  of  potash 

5 

Met^karaenic 

2 

Chsicoal   . 

3 

lu  conitiluaBU  aie  08  silka,  O-Sa  hnt,  0-2^ 
alumina,  0-25  oxide  of  iron*  !•€  loes.  Whesi 
two  pieces  of  flint  are  rubbed  together  'm  the 
dark  they  phoapheiesce,  and  emit  a  peculiar 

It  oecurs  io  primitive,  traositioii,  aeeaod. 
ary,  and  alluvial  aaountains.  In  the  finfc  iva 
n  matalli£nons  and  agate  veina.  la  aoBond- 
ary  oaontries  it  ia  fwmd  in  poddiBa-aleBa. 
limestone,  chalk,  and  amf  gdaloid.  Ib  chsik 
it  ooeun  in  g^iat  abuBdanoe  in  bed^  ThsK 
seem  to  have  been  both  formed  at  the  asne 
tone.  Wemcr,  however,  is  of  optaioa  that 
the  tuberose  and  many  otlicr  foniis  have  bsee 
produced  by  infiUration.-  Ib  Scotlsnd  koeeurs 
imbedded  in  secondary  limeittooe  in  the  irisnd 
of  Mull,  and  scar  Kirkaidy  ia  FiftafaiBe; 
In  Eo^and  it  abounds  in  alluvial  disrsJrtm  in 
the  fonn  of  gravel,  or  is  imbedded  in  chalk. 
In  Ireland  it  occurs  in  considenble  auaaiitics 
m  aaooBdary  limestone,  h  is  font  ia  Bust 
pacts  aS  the  wosUL  Its  principal  use  ia  for 
gun  flfaits,  the  mechanical  opaakiona  e£  vhidi 
BBaBufoctuie  are  fuUy  detailed  by  Bn^usat. 
The  best  flint  for  thb  puipoaa  ia  the  yrllowtih 
grey.  It  ia  an  ingredient  in  pottoy,  and  che- 
mists use  it  fonr  mortan* 

FIiINTV.SLAT£.    Of  thiandnnltheR 
are  two  kinda,  oonmMBi  flmty-slate,  sad  Lv- 
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The  matenaia  must  be  ia  fine  powder,  and 
thoroughly  trttoratod  together. 

FISU.8CALES  are  eennoced  of  aksr. 
nate  layeia  of  nembxaae  ana  phosphate  of 
lime. 

FIXED  AIR.    Carbonic  add  mw 

FIXITY.  The  prepeity  by  wMch  bedica 
resist  the  action  of  heat,  so  aa  aat  to  rise  ia 
vapour. 

FLAKB-WHITE.  Pose  carbemte  of  lead. 

FLAME.    See  CoofBUSTiov. 

FLESH.  The  muscles  of  anfam^  They 
consist  cUcfly  of  flbno,  with  albanMa,  cdatin, 
extractive,  phosphate  of  soda,  phosphate  of 
ammonia,  phosphate  and  csrbenate  of  lime, 
and  sulphate  of  potash.    See  Mu8Ci.fi. 

FLINT.  Colour  generally  grey,  with 
occasionally  aoncd  and  striped  deliaeatiena. 
Masnve,  ui  rolled  pieces,  tuberose  and  perfo. 
rated.  It  rarely  occurs  in  aupposititbus, 
hollow,  pyramidid,  or  prismatic  crystals.  It 
oeenn  often  in  extraneous  shapca,  aa  edbu 
Bites,  coralites,  madzeportles,  magiles,  he* 
lemnites,  mytiUtes,  dec. ;  sometimes  hi  lamel* 
lar  onooretions.  Intonal  lustre  glinunering. 
Fracture  coodioUai  Fragments  sharp-edged. 
Translucent.  Haider  tiian  quarts.  Euily 
frangible.  8p.  gr-  250.  Infusible  wtUiottt 
additioa,  boi  w&tcns  and  becomes  opaque. 


I.  CoffMiieM.  CaloBi  ash-giey,  with  other 
colours,  fai  flamed^  striped,  end  WfaHXtA  dcli> 
neatiflns*  It  is  oHea  taaversed  by  quiU  veins. 
Massive,  and  in  haiellav  coacretiena.  later- 
nally  itis  foiatly gliasmeringi  Frsdwue m  the 
great,  daty;  hi  the  small,  splmtsiy.  Ti 
lucent.  Hard.  Uaeommonly  difficahly  i 
gible.  Sp^  gr.  a-63.  It  oonn  in 
ckiy-slate  and  grey-wacke;  aad  in 
and  anguler  nueses  in  ssndrtBBa   Itiafbemd 


It  parte  of  the  great  ttact  of  day. 
slate  aad  grsy-wacke  whiu  extends  finn»  Sc 
AbbVhead  to  Poitpatriak;  als»  in  the  P«it. 
land  hiUa  Bear  Echnbuo^ 

2.  Lydi&n  wtotte.  CoUur  grayislublack, 
which  passes  into  vchct-hhck.  U  occuia 
masseve,  and  ndlcd  in  pieces  with  gjistratng 
suifoees.  Internally  it  is  (i^limnMiiiig  Fnc« 
tme  even.  Opaque.  Len  hard  dam  flini. 
Difficultly  fraBgiUe.  Sp.gs.2>«.  ItoocBn 
very  firequently  along  witli  conunoa  flaty. 
•late  in  beds  kk  ckv^^late.  K  ia  fouad  near 
Prague  aad  Cailshad  ia  Bohenua,  ia  SBxany, 
the  Uartz,  and  at  the  Mooifoot  andPvatiaad 
hills  Bear  Edinhnigh.  It  ia  sometiawa  escd 
as  a  touchstone  for  aasertahang  the  purity  «f 
gfdd  aad  silvsr.    See  Assay. 

FLOATSTONE.  A  sub.qiecl»  of  die 
indivisible  (piarta  of  Mohc  Spongifona  quarts 
of  Jameson.  Cokmr  white  of  variooa  afaadca 
In  poiooa,  massive,  aad  tubeniae  fonma^  In- 
tonally  it  is  dult  Fracture  eo«M^  earthy. 
Feebly  tranduoent  oa  the  edges.  Soft,  but 
ita  BUBute  partides  are  as  haid  as  fasits. 
Ratiier  brittle.    EaaUy  frangible.    Feek! 
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Sie  udA  raugh,  md  emits  a  gmting  iknm, 
when  the  finger  is  drmwn  aooss  it.  Sp.  gr. 
0-49L  lit  oondtaents  are,  silica  98,  cstbon- 
ate  of  lime  2h— >Fa»^*  It  oecms  incrnsting 
Aint,  or  in  imbedded  mstipw  in  a  secondarf 
loBflatone  at  St  Ouen  near  Pada—^aificiOR. 
FLOETZ  ROCKS.  Mineral  formations 
of  tke  seeondaiy  Idnd^  compoMd  of  stmta, 
for  the  most  pwt  borisontal  and  poiaUel  to 


FJLOS  FERRI.  A  adiated  variety  ef 
■bonate  of  line,  or  of  cslo-^par. 

FliOUR.  The  powder  of  the  giamineoos 
ledsk    Its  use  as  tood  is  well  known.    See 

BmRAD. 

FIA>W£B8.  A  gcneial  appellation  used 
bj  tbe  dder  chemists  to  dnbte  aU  such 
bodies  as  have  leoeiTed  a  pultoulent  fimn 
hy  saUimation. 

F1.0WERS  OF  VEGETABLES.  Dr. 
LiW»ia,  in  his  notes  on  NeamaDn>s  ChoDoistTy, 
gives  a  cusory  aeoonnt  of  many  experiments 
OEwde  with  a  view  to  aseertain  bow  Ur  the 
cokor  of  vegetable  flowecs  might  prove  irfuse 
to  the  dyer.  He  found  very  few  capable  of 
bcHiK  smiled  to  valnable  purposes. 

The  flowers  of  plants  convert  wgen  into 
cartioDic  add  with  great  n^ndity.  llins  those 
of  the  Pas9^0ora  terraiifotta  consume  of  oxy- 
nil  in  this  way  18}  times  their  bulk,  in  24 
honis,  when  shelteied  from  the  direst  rays  of 
tiiesun,at  a  tempevatnre  between  18*  aod2A*  C. 
The  male  flowers  of  the  cucumber  12  times 
their  bidk;  the  female  only  3};  the  smgle 
wdplMoma(ateiruiiatU9iucaimi)l\i  the 
^atf^  tuberose  9,  and  tho  typha  laiifalia  0.8. 
T.  de  Skmnure  Ann.  de  CMmie^  zxi.  279. 

FLUATES.  Compounds  of  the  salifiable 
tMCS  with  fluoric  add. 

FLUIDITY.  The  state  of  bodies  when 
tiieir  parti  are  very  readily  moveable,  in  all  dl- 
leedons  widi  rsipeet  to  each  other.     See 

GAliOUC. 

FLUOBORATES.  Compounds  of  fino- 
bosic  add  with  the  salifiable  bases. 

FLUOBORIC  ACID.  See  Acid  (Flvo- 
Bomic). 

FLUOR.  Octohedrd  flnor  of  Jsmeson. 
It  if  divided  into  three  sub-spedes ;  compact 
ihiflr,  Iblialed  flnor,  and  earthy  fluor. 

L  Cornpad,  Cdlonn,  greenfah..grey  and 
h-wfaitft.  ■"  ~ 


Masrive.  Dull  or  feebly  slim, 
awing.  Fracture  even.  Fragments  sharp- 
edged.  Tianshicent  Haider  than  sakareous 
ipaE,  but  not  so  hard  as  apatits.  Brittle,  and 
emByftangiblo.  8p.gr.  3-17-  It  is  found  in 
vrias,  associated  with  fluor  spar,  at  Stolbeigin 
theHartx. 

8.  FoBtOed,  Gdouis,  wUte,  yeOow,  green, 
■id  bhie.  0ieen  enbes  iqipear  with  white  an- 
^m>  Massiva,  diswmiwatcd,  and  in  distinct 
ooocretieasr  Ciystallised  in  ciHies,  perfect 
or  vsrioasly  truncated  and  beveOcd ;  in  the 
riMBboidia  dodecahedron,  and  thsoetohednn, 
ordsttbis  Ibar-dded  pyiamid.    The  crystals 


are  generally  placed  on  one  anotlier,  and  farm 
druses ;  but  are  addom  single.  Surface  smooth 
and  splendent,  or  drusy  aim  rough.    Internal 
lustre  specular^plendent,  or  shining  vitreous. 
Cleavage  fouribld,  equiangular,  parallel  with 
the  planes  of  an  octofaednm.   Fragments  octo- 
hednl  or  tetrabedral.   Translucent  to  trsnspa- 
rent.  Sin^refiraction.  Haider  than  calcareous 
spar,  but  not  so  hard  as  spadte.  Brittle,  and 
easily  frangible.  Sp.  gr.  3*16.  Before  the  blow- 
pipe  it  generally  deoepitates,  gradually  loses 
its  odour  sod  transparency,  and  mdts  without 
addition  into  a  greyish.white  ^ass.    When 
two  fiagments  are  rubbed  together  th^  become 
luminous  in  the  dark.    When  gently  heated, 
it  phomhorasoes  with  a  blue  sad  green  light 
By  ignition  it  loses  its  phosphorescent  proper. 
tr.    The  vklet  blue  variety  from  Nertschin- 
uy,  called  chlorophane^  wfaien  placed  on  glow, 
ing  coals,  does  not  decsepitate^  but  soon  throws 
out  a  green  light.    Sulphuric  acid  evolves  from  i 
pulverised  fluor  spar  add  ftoies  whidi  ooixode  i^ 
dass.    Its  oonstitueots,  by  Bendius,  are  72*1 
nme,  and  27*9  fluoric  aad.    It  occun  prm- 
cqwily  in  veins  that  travene  primitive,  tran- 
sition, snd  sometimes  secondary  rocks.  It  has 
been  found  only  in  four  places  in  Scotland,  near 
Alonaltree  in  Aberdeenshire,  in  gneiss  in  Sun. 
derhmd,  in  secondary  porphyry  near  Gourocfc 
in  Renfrewshire,  and  in  the  idand  of  Panastour 
one  of  the  Shetlands.     It  occurs  mudi  more 
abundantly  hi  England,  being  found  in  dl  the 
galena  veins  that  traverse  the  cod  formation 
in  Cumberland  aad  Durham  ;  in  secondary  or 
floets  limestone  in  Deibyshfare;  aad  it  is  the 
most  common  veinstone  in  the  copper,  tin,  and 
lead|veins,  that  traverse  granite,  day-date^  &c. 
in  Cornwall  and  Devondiire.      It  is  aliio  fre- 
quent on  the  Continent  of  Europe.     It  is  cut 
into  oinamentd  forms.      It  has  also  been 
used  as  a  flux  for  ores ;  whence  its  name/«ar. 
•^Jameton, 

3.  Earthy  Jluor,  Colour,  greyish- white  and 
videt-blue,  sometimes  very  deep.  It  occurs 
generaUy  in  crusts  investing  some  other  mi. 
neiaL  DulL  Euthy.  Friable.  Itsconsdtuents 
are  the  same  as  die  preceding.  It  occun 
in  veins  along  with  fluor  vpar  at  Bccralstone 
in  Devonshire ;  in  Cumberland,  m  Saxony,  and 
Novway. 

FLUORIC  ACID.    See  Acid  (Fluo- 

BIC). 

FLUORIDES.  Compounds  of  fluorine 
with  the  dectro-poritive  dements,  briefly 
spoken  of  by  M.  Dumas  in  the  31  «f  volume 
of  the  Annaki  de  Chim,  et  Phyt.  He  obtains 
Jhese  compounds  by  treating  the  (]uoride(fluate) 
of  mercmry  or  ci  lead  with  bodies  more  posi* 
tive  than  these  metals. 

Fluoride  of  arsenic  is  a  Hquid  exactly  re- 
sembling the  fuming  liquor  of  Ltbavius,  vezy 
volatile,  heavier  than  water,  becoming  in  this 
fluid  fluoric  Mid  arsenious  adds.  It  scarcely 
acta  on  gbm ;  but  immediately  disintegrates 
thedcin. 
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Fluoride  of  atUimony  is  solid  at  ocdiiuuy 
te;nperatares,  white  as  snofir,  more  volatile 
ihan  sulphuric  acid,  but  k«  so  than  water. 

Fluoride  ofphosphorut  ia  a  ooburless  fum- 
ing liquid,  easily  obtained  in  abundance  by 
operating  on  fluoride  of  lead  with  phoaphorus. 
Its  compontioD*  corresponds  to  the  proto- 
chknide  of  phosphorus.  In  the  same  way 
may  be  obtcdned  the 

Fluoride  oftulphur. 

These  are  compounds  of  the  same  kind  as 
those  obtained  by  M.  Unverdorben,  by  treat- 
ing the  chromate  of  lead  with  (anhydrous) 
sulphuric  add,  and  fluate  of  lime»  or  oommon 
salt 

FLUORINE.  The  unknown  radical  of 
fluoric  acid. 

FLUOSILICATES.    See  Acid  (Flu- 

OSILICIC). 

FLUOSILICIC  ACID.  See  Acid  (Flu. 

ORIC). 

J  FLUX.  A  general  term  made  use  of  to 
denote  any  substance  or  mixture  added  to 
assist  the  fusion  of  minerals.  In  the  large 
way,  limestone  and  fusible  spar  are  used  as 
fluxes.  The  fluxes  made  use  of  in  assays,  or 
philosophical  experiments,  consist  usually  of 
alkalis,  which  render  the  earthy  mixtures 
fusible,  by  converting  them  into  glass;  or 
else  glatis  itself  in  powder. 

Alkalme  fluxes  are  either  the  crude  flux, 
the  white  flux,  or  the  black  flux.  Crude 
flux  is  a  mixture  of  nitre  and  tartar,  which  is 
put  into  the  crucible  with  the  niinoal  intended 
to  be  fused.  The  detonation  of  the  nitre 
wit!)  the  inflammable  matter  of  the  tartar  is  of 
service  in  some  operations ;  though  generally 
it  is  attended  with  inconvenience  on  account 
of  the  swelling  of  the  materials,  which  may 
throw  them  out  of  the  vessel,  if  proper  care 
be  not  taken  either  to  throw  in  only  a  little  of 
the  mixture  at  a  time,  or  to  provide  a  large 

VQSSil. 

White  flux  is  formed  by  projecting  equal 
parts  of  a  mixture  of  nitre  and  tartar,  by  mo- 
derate  portions  at  a  time,  ipto  an  ignited  cruci. 
bic.  In  the  detonation  which  ensues,  the  ni. 
trie  acid  is  decompos$;d,  and  flies  off  with  the 
taruric  acid,  and  the  remainder  consists  of  the 
potash  in  a  state  of  considerable  puiity.  This 
hiis  been  called  fixed  nitre. 

Black  flux  diff*er8  from  the  preceding,  in  the 
proportion  of  iu  ingredients.  In  thisi,  the 
weight  of  the  tortar  is  double  that  of  the  nitre ; 
on  which  account  the  combustion  is  incomplete 
and  a  considerable  portion  of  the  tartaric  add 
is  decomposed  by  the  mere  heat,  and  leaves  a 
quantity  of  coal  behind,  on  which  the  black 
colour  depends.  It  is  used  where  metallic  ores 
are  intended  to  be  reduced,  and  effects  this 
p^irpose,  by  combining  with  the  oxygen  of  the 
osidc. 

The  advantage  of  M.  Morveau*s  reducing 
flux,  Meems  to  depend  on  its  containing  no  ex- 
CCS&  of  alkalL  '  It  is  made  of  eight  parts  of 


pulverised  glass,  one  of  caldnM  bonx,  moA 
half  a  part  of  powder  of  charcoal.  .CaremuflS 
be  taken  to  use  a  glass  which  contains  no  had. 
The  white  gbsses  contain  in  genoai  a  lai^e 
proportion,  and  the  green  bottle  glasses  are  not 
perhaps  entirely  finee  fimn  it.  See  B1.0W- 
virE. 

FORO£  FURNACE.  The  focge  fonaoe 
oondsto  of  a  hearth,  upon  which  a  fire  masf  be 
made,  and  urged  by  the  actum  of  a  kiige  psir 
of  double  bdbws,  the  noixle  of  vhicfa  is  in. 
serted  through  a  wall<Mr  parapet  oonstnicted 
for  that  purpose. 

Black  lead  pots,  or  small  fumscesof  efoy 
desired  form,  may  be  placed,  as  oocssions  se- 
quue,  upon  the  hearth ;  and  the  tabe  oi  the 
bellows  being  inserted  into  a  hole  in  the  1 


of  the  furnace,  it  becomes  easy  to  urge  the  hcsc 
to  almost  anv  degree  required. 

FORMATION.  In  geology,  an  nsem. 
blage  of  mineral  strata  or  masses,  conueeteJ 
with  each  other,  so  as  to  form  one  whole  or 
system,  without  any  notable  intenrvptioD, 
either  in  the  period  or  nature  of  their  pro- 
duction. 

FORMIATES.  CompooBda  of  fomuc 
arid  with  the  salifiable  bases. 

FORMIC   ACID.     See   Acid  (For- 

MIc). 

FRACTURE.  In  mineralogy,  the  form 
and  aspect  of  the  surface  produced  by  breaking 
off  a  piece  of  a  mineral  with  the  haauner. 
Werner  divides  the  varieties  of  ftacture  into 
compact,  fibrous,  radiated,  and  foliated.  The 
eompact  may  be  q>lintery,  even,  oonchadsL, 
uneven,  esrUiy,  or  hackly.  The  fibrous  umy 
be  cosrse  or  delicate,  straight  orcurred,  paral- 
lei  or  diverging ;  and  the  diverging  again,  is 
either  stellular,  scopiform,  or  promiscnoua. 
The  radiated  fracture  is  broad  or  nanow, 
straight  or  curved,  parallel,  divenicg,  or  pio- 
miscuous ;  and  strnfced  orsmootn. 

FREEZING.    See  Caloric,  and  Co v- 

OELATIOV. 

FOSSIL  COPAL,  or  Uig^ig^le  resin.  Ita 
colour  is  pale  muddy  yellowisb-brown.  Ic  oc- 
curs in  irregular  roundish  pieces.  Lostiw 
resuious.  Semitraneparent,  Brittle^  Yields 
easily  to  the  knife.  Sp.  gr.  1-046.  When 
heated,  it  gives  out  aiesinoua  aromatk  odouc, 
mdts  into  a  limpid  fluid,  takes  fire  at  a  U^ted 
candle,  and  bums  entiraly  away  befbie  the 
blowpipe.  Insoluble  in  potash  ley.  Found 
in  the  bed  of  blue  day  at  Highgate  near  Loo« 
don.~~^lkcn*t  Minerahgjf, 

FRANKINCENSE.    See  Olibakum. 

FRANKLINITE.  A  mineral  lesflnbling 
oxidulous  iron.  Metallic,  black,  and  mag- 
netic, but  not  with  poUrity.  It  occurs  in 
grains  or  in  granular  masses  composed  of 
imperfect  crystals.  It  is  not  hard;  brittle; 
powder,  deep  red  brown ;  sp.  grav..4.87.  It 
consists  of  oxide  of  iron  G6,  brown  oxide  of 
manganese  16,  oxide  of  sine  I7.  The  r^u- 
lar  cctohcdron  is  its  prima^  form.     It  oocuxs 
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in  Sew  Jctaey,  aooompanytiig  the  red  oxide 
of  line — I%WM  Mineralogy. 

FRENCH  BERRIES.  Thefrnitofthe 
Rhamnu*  U^eetorius,  called  by  the  French 
j^aines  d*  Avignon.  They  give  a  prettvgood 
yeHcfw  colour,  but  void  of  permanency.  When 
used  for  dyehig,  <<he  doth  ii  prepared  in  the 
same  maimer  as  for  weld. 

FRIESLAND  GREEN.  Ammoniaoo- 
muriate  of  copper,  the  same  with  Brunswick 
green.     See  Coppbb. 

FRITT.  The  materials  of  g^  aie  first 
mixed  together,  and  then  exposed  to  csldna- 
tion  by  a  degree  of  heat  not  sufficient  to  melt 
them.     The  mass  is  then  called  fritt 

FRUITS  OP  VEQETABLE&  Sap 
Oaeek  is  prepwed  ftam  the  benies  of  buck- 
thorn,  and  Ahkotto  is  obtained  from  the 
peOides  of  the  seeds  of  an  American  tree. 
See  the  words. 

FULIGINOUS.  Vapours  whidi  possess 
the  pmpcrty  of  smoke;  namely,  opadty,  and 
the  diapositioo  to  apply  themselves  to  sur- 
rounding  bodies  in  ttw  farm  of  a  dark  co- 
loured powder. 

FUUiER*S  EARTH.  Colour  greenish, 
white,  and  other  shades  of  green.  Massive. 
DnlL  Fnctiirenn«ven.Opique.  Shining  and 
itsfaious  in  the  streak.  Very  soft  Sectile. 
Seareely  adheres  to  the  tongue.  Feels  greasy. 
8p.  gr.  I '7  to  2>9.  It  faDs  faito  a  powder  with 
water,  without  the  crackling  noise  wliicfa 
accompanies  the  didntegvBtkm  of  bole.  It 
melts  into  a  brown  ijHmgy  scoria  before  the 
bbwpipe.  Its  constituents  are,  53  silica,  10 
afannina,  1-85  magnesia,  0-50  lime,  0-10  mu- 
riate of  floda,  trace  of  potash,  oxide  of  iron 
9-75,  water  ?4 — ntprirth.  Bergmann  found 
24  alumina,  and  only  0-7  oxide  of  iron.  In 
England  it  occurs  in  beds,  sometimes  above, 
sometimes  l)elow,  die  chalk  formation;  at 
Rocswein  in  Upper  Saxony,  under  strata  ot 
greenstone  slate;  and  in  diflerent  places  in 
Oermany  it  is  found  immediately  under  the 
toSL  The  best  is  found  in  Bucking^uunshire 
and  Surrey.  When  good,  it  has  a  greenish- 
white,  or  greenish-grey  colour,  falls  into 
powder  in  water,  appeaa  to  melt  on  the 
tongue  like  butter,  communicates  a  milky 
hoe  to  water,  aill  deposits  very  little  sand 
when  mixed  with  boiling  water.  The  remark- 
able deterd^  property  on  woollen  doth  de- 
pends  on  the  alumina,  which  should  be  at 
leest  one-fiflli  of  the  whole,  but  not  much 
TBww  than  one-fbnrth,  lest  it  become  too  tena- 

FULMINATING  and  FULMINA. 
TION.  In  a  variety  of  chemical  combina- 
tiooe  it  happens  that  one  or  more  of  the  prin- 
ciples assume  the  dastic  state  with  such  ra- 
P^ty  diat  the  strdce  against  the  dbpbced  air 
produces  a  knid  none.  This  is  called  fulmi- 
QMion,  or  mudi  more  commonly  detonation. 

Fuhninating  gold,  and  fulminating  powder, 
are  the  most  common  substances  of  this  kind. 


except  gunpowder.  For  the  latter  of  theee  see 
the  arude  Gukpowdcs.  The  fulmhiirting 
powder  is  nude  by  triturating  in  a  warn  mor- 
tar three  parts  by  weight  of  nitre,  two  of  car- 
bonate of  potash,  and  one  of  flowers  of  sulphur. 
Its  effects,  when  fiised  in  a  ladle,  and  then  set 
on  fire,  are  very  great.  The  wlide  of  the 
mdted  fluid  expuxks  with  an  intolerable  noise, 
and  the  ladle  is  commonly  disfigured,  as  if  it 
had  recrived  a  strong  blow  downwards. 

If  a  solution  of  gold  be  predpitated  by 
ammonia  the  product  will  be  fulminating 
gold.  Less  than  a  grain  of  this,  hdd  over 
Uie  flame  of  a  candle,  explodes  with  a  very 
shaxT)  and  loud  noise.  This  precipitate,  sepa- 
ratea  by  filtration,  and  washed,  must  be  dned 
without  heat,  as  it  is  liable  to  explode  with  no 
great  increase  of  temperature;  and  it  must 
not  be  put  into  a  bottle  dosed  with  a  glass 
stopple,  as  the  iViction  of  this  would  expose  .' 
the  operator  to  the  same  danger.  I 

Futminatine  silver  may  be  made  by  pre-  \ 
dpitating  a  smution  of  nitrate  of  silver  by  lime 
water,  drying  the  predpitate  by  exposure  to 
the  air  for  two  or  three  days,  and  pouring  on 
it  liquid  ammonia.  When  it  is  thus  con- 
verted  into  a  black  powder,  the  liquid  must  be 
poured  off,  and  the  powder  left  to  dxr  in  the 
air.  It  detonates  with  the  gentlest  heat,  or 
even  with  the  slightest  friction,  so  that  ft  must 
not  be  removed  iVom  the  vessel  in  whidi  it  is 
made.  If  a  drop  o(  water  fall  upon  it,  the 
percussion  will  cause  it  to  explode.  It  was 
discovered  by  Ber^olkt. 

Brugnatelli  made  a  fulminatmg  silver  by 
powdering  a  hundred  grains  of  nitrate  of  sflver, 
putting  Uie  powder  into  a  beer  glass,  and 
pouring  on  it,  first  an  ounce  oi  alcdbol,  then 
aa  mudi  conoentiated  nitrous  add.  The  mix- 
ture grows  hot,  boils,  and  an  ether  is  visibly 
form^  that  dianges  into  gas.  By  degrees 
the  liquor  becomes  milky  and  opaque,  and  is 
filled  with  small  white  clouds.  Wlien  all  die 
grey  powder  has  taken  this  form,  and  the  li- 
quor has  acquired  a  consistency,  distilled 
water  must  be  added  immediatdy  to  suspend 
the  ebullition,  and  prevent  the  matter  fiom 
being  redissolved,  and  becoming  a  mere  solu- 
tion of  silver.  The  white  predpitate  is  ibm 
to  be  collected  on  a  filter,  and  dried.  The 
finrce  of  this  powder  greatly  exceeds  that  of 
fulminating  mercury.  It  detonates  in  a  tre- 
mendous manner,  on  being  scarcdy  touched 
with  a  glass  tube,  the  extremity  of  which  has 
been  dipped  in  concentrated  sulphuric  add. 
A  single  grain,  placed  on  a  lighted  coal,  makes 
a  deafening  report.  *  The  same  thing  liappens 
if  it  be  nlaoed  on  a  bit  of  paper  on  an  electric 
pile,  ana  a  spark  drawn  fhxn  it. 

Fulminating  mercunr  was  discovered  by 
Mr.  Howard.  A  hundred  grains  are  to  be 
dissdved  with  heat  in  an  ounce  and  half  by 
measure  of  nitric  add.  The  solution,  when 
cold,  is  to  be  poured  on  two  ounce  measures 
of  alcohol,    and  heat  applied  till  an  eflfer- 
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vcncBoeiiescilcd.  Atfooawthepwcipital^ 
i»  tfamwB  down,  it  miMt  be  eoUeclcd  «n  a 
IQta,  that  the  add  may  not  react  on  it; 
walked,  and  dried  by  a  vary  goitle  heat.  It 
deumatef  with  a  very  litde  heat  or  fiictloD. 

Three  parts  of  diloiate  of  potaeh^  aad  one 
of  sidphiar,  triturated  in  a  metal  mortar,  cauae 
naniMmis  lOcoasiTe  detonationa,  bke  the 
cracks  of  a  whip,  thereportoof  apistol,ort]M 
§n  of  musketry,  aceoidmg  to  the  rajpidity  and 
ftvoeof  the  pressure  employed.  Afewgiains, 
struck  with  a  hammer  oo  an  aoTil,  explode 
with  a  notm  Hka  that  of  a  moaket,  and  tor- 
nutB of  purple U^tappeariound it  Thrown 
into  OGOccntrafted  su^hurie  add,  it  takes  fin 
and  bums  with  a  while  ilame^  but  without 


Sa  pacta  of  the  ddeeale,  one  of  sulphur, 
and  one  of  charcoal,  detooale  by  the  same 
mcana,  but  more  stion^y,  and  with  a  reddet 
flame. 

Soger,  gum,  or  dunoal,  mixed  with  the 
ddorate,  and  &ced  ot  vdatile  oils,  alodiol,  or 
ether,  made  into  a  paste  with  k,  detonate  ▼eiy 
stioni^y  by  the  stroke,  but  not  by  trituration. 
Some  of  Uiem  tdce  flke,  but  sfewly,  and  by 
degrees^  in  the  sulphuric  add. 

All  those  mixturea  that  detonate  by  the 
stroke,  explode  much  more  loudly  if  previously 
wnpped  up  in  double  paper. 

Fulminations  of  the  most  violent  kind  n» 
quire  the  agency  of  aaote  or  nitrogen ;  as  we 
see  not  only  in  its  compounds  with  the  oxides 
of  gold,  suTer,  and  platina;  but  sdll  more 
remarkably  in  ita  chloride  nd  iodide.  See 
NiTmo«EW  and  Avtixowt. 

FUMIGATIONS,  to  destroy  contagioiis 
miasmaiA  or  effluvia.  The  moat  cfiicadooa 
substance  for  this  purpose  is  chlorine ;  next  to 
it  tile  n^^our  of  nitric  add ;  and  lastly,  that  ef 
the  munatic.  The  fumes  of  heated  vinegar, 
burning  sulphur,  or  the  aoMfce  of  exploded 
ganpowder,  deserve  little  confidence  as  anti- 
loindcs.  The  air  of  dissectins  roonu  should 
be  nightly  fumigated  with  duorine,  whereby 
their  atososphere  wonid  be  more  wholesome 
aad  agreeable  during  the  day. 

Mr.  Fanday  having  been  emploved  to 
fiiaaigate  the  General  Penitentiary  at  Milbank, 
used  the  following  method:  One  part  bw 
wdght  of  common  salt  waa  well  mixed  with 
one  part  of  black  oxide  of  mangsnese.  On 
diis  mixtore,  placed  in  a  shallow  earthen  pan, 
2  psrts  of  oa  of  vitriol  previously  dihited  with 
one  part  by  weight  (or  about  2  parta  by  bulk) 
of  water,  and  left  till  cold,  were  poured. 
Sudi  a  mixture,  stirred  with  a  stidc,  and  made 
at  60^  F.  besan  in  a  few  minutes  to  liberate 
chlorine,  and  continued  to  do  to  for  (bur 
dsya. 

The  whole  quantity  of  materials  used  was 
790lh.  of  common  sdt,  7^0  of  manganese, 
and  1400  of  oil  of  vitriol.  The  space  reqvhing 


to  ncMiy  2,Oi0^OOa 
cubic'  feet;  ami  tiw  anrfiwe  of  the  wuBa^ 
floora,  dehnga,  &e.  eadulve  of  fatnitve, 
beddixtt,  &c  was  about  l,20O,«0O  square 
feet,  lliia  surfeee  waa  piindpally  atime  and 
brick,  moat  of  whidi  had  been  lime-washed. 
Mr.  Faiaday  remarha,  that  probably  randi  lere 
chlorine  wotild  have  been  aufidcaat.  Jmmttl 
of  Scknoe^  xviii.  93. 

FUMING  LIQUOR.  The  fumng  fifren 
of  Boyle  and  Libavius  have  becnrkog  known. 
To  preoare  that  of  Boyle,  whldi  ia  n  h^dro- 
gttietted  sulphuret  of  ammeiua,  three  poMa  of 
ume  felkn  to  powder  in  the  air,  one  of  mmisie 
of  anomonia,  and  one  of  flowoa  of  snlphox,  are 
to  be  mixed  in  a  mortar,  and  distOkd  with  a 
gentkheat.  The yeOow liquor, thM first ceoMi 
over,  emits  fetid  fumes.  It  is  ftdloved  by  a 
deeper  oolouied  fluid,  tfast  is  not  fimouig. 

The  fuming  liquor  of  Libavina  ia  made 
by  «niiigpm>»<tig  tin  with  half  Ita  wci|^  of 
mercury,  tritoiating  tl^a  smalgssn  witb  an 
equal  weieht  of  oorrasive  muriate  of  naeEcnry, 
and  distilBng  by  a  gaiOe  heat.  A  cuhwikas 
fluid  at  first  passes  over:  after  ti^,  a  tUdt 
viqNwr  is  thrown  out  at  one  sin^  jet  with  a 
sort  of  explosidn,  which  cnniSiwa  into  a 
tmnsporent  liquor,  that  emits  copioaa,  white, 
heavy,  acrid  fumes,  on  axpoenre  to  the  aii; 
In  a  doody  stopped  botde,  no  fumea  fram  it 
are  percspdhle;  but  needlfr^iaped  aystab 
finm  against  the  topof  tho  boilie»  ao  aa  fie- 
quently  to  dose  the  apettute. 

Cadet*B  fuming  limior  is  prepared  by  dis- 
tilling equal  parta  of  acetate  of  potssh  sod 
aiacnions  add,  and  reonving  the  pmdna  into 
^aas  bodies,  keptooidbyaraixtnreof»eand 
salt.  The  iiquor  produced,  emita  a  ve^denae* 
heavy,  fetid,  noxious  vapour,  and  infiaroci 
spontaneouahr  in  the  open  sir. 

FUNGATES.  The  saline  conyoonda  of 
a  peculiar  add,  which  M.  Bmeoiuiot  has  latdy 
extracted  ficom  nmshrooms^ 

FUNGIN.  The  fleshy  part  of  nmshiooms, 
deprived  by  akdhol  and  wata  of  every  thi^g 
aolublb  It  seems  to  be  a  modification  of 
woody  fibre. 

FURNACE.    See  LABomATORT. 

FUSCITE.  A  greyish  or  greenisb.bfaK:k 
opaque  raincrak  ft  crystaUiaes  in  prisma. 
Sp.  gtaT.25— &  It  ia  Ibond  at  KallingeND» 
near  Arcndahl  in  Norway,  in  xoUod  maases  of 


FUSIBLE  METAL.  Sw  A1.X.0T.  A 
combinatioB  of  3  parta  of  lead,  with  2  of  tin 
and  6  of  bumutfa,  melta  at  197*  F. 

FUSIBILITY.  That  proper^  by  which 
bodies  assume  die  fluid  state. 

Some  chemista  have  aanted  that  ftision  is 
simply  a  solutian  in  caloric;  but  this  opinion 
xndttdes  too  many  yet  nndedded  questions,  to 
be  hastUy  adopted. 
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FumMU^  o/Miiatf,  atgkttn  by  M.  Thcnard. 


Fusible  bdow  a 
red  heat. 


§.  Tnftisible  below  a 
red  heat. 


Mercury, 

Potasaium, 

Sodium, 

Tin, 

Bismutby 

Lead, 

Tellurium, 

Arsenic, 

Zinc, 

Antimony, 

Cadmium, 


90  f 

210  I 
256  { 
260 


Ony  Luasac  and  Thenavd* 
Newton. 


Blot. 


A  little  less  fumble  than  lead. Klaproili. 

Undetermined. 
370(>        Brogniart. 
A  Utde  below  a  led  heat. 
Stromeycr. 


Manganese, 

Nickel, 

Palladium 

Molybdenum, 

Uranium, 

Tungsten, 

Chromium, 

Titanium, 

Cerium, 

Osmium, 

Iridium, 

Rhodiimi, 

Platinum,  | 

Columbium,        J 

FUSION.  The  act  of  furing.  Also  the 
Slate  of  a  fused  body. 

FUSTET.  The  woo(T  of  the  rAttfcofiuM, 
or  Venus's  sumach,  yields  a  fine  orange  colour, 
but  not  at  all  durable. 

FUSTIC,  OR  YELLOW  WOOD.  This 
wood,  the  morns  tinctoria^  is  a  native  of  the 
West  Indies.  It  affords  much  yellow  colouring 
niattcc,  which  is  very  permanent 


Pyrometer  of  Wedfrcwood. 

20**       Kcmiedy. 

^}.      Wedgewood. 

A  little  less  difficult  to  melt  thnn  iron. 
130         Wedgewood. 
168         Sir  G.  M'Kenrie. 
160         Guyton. 

As  mang^nesc—Richtcr. 


saver, 
Cobalt, 


( 


Nearly  Infbsible ;  and  to  be  obtained  at  a  forge 
heat,  only  in  small  buttons. 


I  Infusible  at  the  fbigc  furnace.  Fusible  at 
>•  the  ozyhydrogen  bbi^pe.  Sec  Bi.ow. 
I       PIPE. 


The  yellow  given  by  the  fustic  widioot  any 
mordant  is  dull,  and  brownish,  but  stands 
welL  The  mordants  employed  wldi  weld  act 
on  it  in  a  similar  manner,  and  by  their  means 
the  colous  is  rendered  more  bright  and  fuced. 
The  difference  between  them  is,  that  the  ydbw 
of  fustic  inclines  more  to  orange  than  that  of 
weld ;  and,  as  it  abounds  more  in  colouring 
mattcnt^  a  less  quantity  wiD  sufRce. 


G 


GABBRO.  The  name  given  hy  the 
Italian  artista,  and  by  M.  dc  B«ich,  to  a  Iwck 
«nitiitiaUy  coBiyesed  of  ielqiac  and  diaikige, 
caUed  by  tho  French  gaaiog&sts  Evphotidk, 
wUcib  see* 

GAB&RONIT.    Sc^wlite. 

GADOLINITE.  Prismatic  gadftlioifee. 
— A/o/w. 

Ito  celoiirs  ore  velvet-bkck,  and  black  of 
various  shades.  Massive  and  diascuiinated. 
I^«Rly  cryatallized.  Its  prinutive  figure  seems 
to  be  an  oblique  four-sided  prim,  in  which 


the  obtuse  angle  ia  nearly  llO^,  This  prism 
aometimea  oeeurs  with  six  lateral  planes. 
Lustre  resinous  inclining  to  vitreous.  Fracture 
conchoidaL  Very  faintly  translucent  on  the 
thinnest  edges,  and  then  it  appears  blackish- 
greco.  Hwder  than  felspar,  but  softer  than 
ouartz.  Stieak  gMaiidi»grey.  Brittle ;  dif- 
Acultly  frangible.  When  pure  it  does  not 
afibct  the  magnet  Spi  gr.  44)  to  4.2.  It 
intiimesees  very  much  befom  the  blowpipe, 
and  at  length  melta  into  an  imperfect  slag, 
which  is  mogneticaL    It  loses  ite  colour  in 
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i^tric  acid,  and  gelariniwi*  Its  constitaeiiti 
are  2&8  sflka,  45  jttm,  16.09  oxide  of  cerium, 
10.26  oxide  of  iioo,  aOO  volatfle  matter. — 
BenatUus.  It  ocean  akmg  widi  yttiotantalite 
at  Vttoby  tn  Swedo,  in  bedi  of  a  ooane 
gramlar  icd  felraar,  which  are  aituated  in 
mica  sbte;  at  Imbo,  near  Fahluo,  also  in 
Sweden,  in  a  coarK  ffFMniUr  granite,  along 
with  pmphyBalite  and  tin-atone— -Jamc«0fi« 

OAHNITR  Automalite  or  octohednU 
conindum. 

6ALLITZINITE.  Rutile.  An  ore  of 
titaniom. 

OAIiBANUM  exudes  from  the  («5ofi 
gttBtanum,  This  juice  comes  o?er  in  masses, 
composed  of  white,  yellowish,  hrownish- 
yeilow,  and  brown  tears,  unctuous  to  the 
touch,  softening  betwixt  the  fingers ;  of  a 
bitterish,  somewliat  acrid,  disagreeable  taste, 
and  a  very  strong  smell;  generally  full  of 
biU  of  staUa,  leaves,  seeds,  and  other  foreign 
'  matters. 

Galbannm  contains  more  of  a  reshMias  than 
gummy  matter ;  one  pound  yields  with  alcohol 
upward  of  nine  ounces  and  a  half  of  resinous 
extract ;  but  the  gummy  extract  obtained  by 
water  from  the  same  quantity,  amounts  only 
to  about  three  ounces.  The  resin  is  liard, 
brittle,  insipid,  and  inodorous:  the  gummy 
extract  has  somewhat  of  a  nauseous  relish;  but 
could  not  be  distinguished  to  be  a  preparation 
of  gfflbanum.  The  whole  smell,  flavour,  and 
specific  taste  of  this  juice,  reside  in  an  essential 
oh,  which  rises  in  distiUation  both  with  water 
and  spirit,  and  gives  a  strong  impregnation  to 
both :  from  a  pound  of  galbanum  are  obtained, 
by  distiOation  with  water,  six  drachms  of  actual 
wL,  besides  what  is  retained  by  the  water.  In 
this  vKpect  galbanum  agrees  with  asafcetida, 
and  difos  from  ammoniacum. 

GALENA.  Native  sulphuret  of  lead. 
See  Oii£8  ofkad, 

GAUi  OF  ANIMALS.    See  Bile. 

GALLSTONES.  Calculous  concretiona 
are  not  unfrequently  formed  in  the  gaU  blad- 
der, and  sometimes  occasion  great  pain  in  their 
passage  throu^  the  ducts  into  the  duodenum, 
before  they  are  evacuated.  Of  these  stones 
there  are  four  different  kinds. 

1.  The  first  has  a  white  colour^  and  when 
bndsen  presents  crystalline  plates,  or  strisB, 
brilliant  and  white  like  mica,  and  having  a 
soft  greasy  feel.  Sometimes  its  colour  is 
yellow  or  greenish ;  and  it  has  constantly  a 
nucleus  of  inspissated  bile.  Its  sp.  gravity 
is  inferior  to  tliat  of  water:  Gren  found  the 
specific  gravity  of  one  0.803.  When  exposed 
to  a  heat  considerably  greater  than  that  of 
boiling  water,  tUs  crvstaUixed  calculus  softens 
and  mdts,  and  crystallizes  again  when  the  tem- 
perature is  lowered.  It  is  altogether  insoluble 
in  water;  but  hot  alcohol  dLwlves  it  with 
facility.  Alcohol,  of  the  temperature  of  1 670, 
dissolves  <me-twentieth  of  its  weight  of  this 


sobatanee;  but  alcohol,  at  the  temperature  of 
00»,  scarody  dissolves  any  of  it.  As  the  aleo- 
hoi  cook,  the  matftr  is  deposited  in  briBlaDt 
plates,  resembling  talc  or  bccacic  add.  It  is 
soluble  in  oil  of  turpentine.  When  aMked, 
it  has  the  appearance  of  oil,  and  exhales  the 
smdl  of  melted  wax ;  when  suddenly  healed, 
it  evaporates  altogedier  in  a  diick  snM>kB.  It 
is  soluble  in  pure  alkalis,  and  the  aotatioD  has 
an  the  properties  of  a  soap.  Nitric  add  alsa 
dissolves  it;  but  it  ii  pieci|iitalcd  unaltered  by 
water. 

This  matter,  which  is  evidendy  the  same 
with  the  crystals  Cadet  obtained  from  bile, 
and  which  he  considered  as  analogooa  to  sugar 
of  milk,  has  a  strana  resemblanoe  to  sperma- 
cetL  Like  that  substance,  it  ia  of  an  dly 
nature,  and  inflammable;  but  it  diffess  from 
it  in  a  variehr  of  parfionlars.  Since  it  is  coa- 
tained  in  bile,  it  is  not  dlfiicnlt  to  see  how  it 
may  crystalUie  in  the  gall-bladder,  if  it  hap- 
pen to  be  more  abuxudant  than  uaoal:  and 
the  consequence  must  be  a  galUstoiie  of  this 
spedes.  Fourcroy  found  a  quantity  of  the 
same  substance  in  the  dried  human  liver.  He 
called  it  adipocere. 

3.  The  second  snedes  of  biliary  cakofaia 
is  <^  a  round  or  polygonal  shape,  often  of  a 

n  colour  externally,  and  bsown  within, 
formed  of  concentric  layers  of  a  matter 
which  seems  to  be  inspissated  Ule  ;  and  there 
is  usually  a  nucleus  of  the  white  crystaBine 
matter  at  the  centre.  For  the  moat  part,  dxre 
are  manv  of  this  spedes  of  calcohia  in  die 
gall-bladider  together;  indeed  it  la  fteqoently 
filled  with  them.  The  calculi  bdo^og  to 
this  spedes  are  often  lig^t  and  friable^  and  of 
a  farownish-ied  cdoar.  The  gaU-Mones  of 
oxen  used  by  pamten  bdong  to  tills  1 
These  are  also  adipocere. 

3.  The  third  species  of  calculi 
numerous  of  alL  Their  colour  is  often  deep 
brown  or  green ;  and  when  broken,  a  number 
of  crystals  of  the  substance  resembling  sper- 
maceti are  observable,  mixed  with  inspissated 
bile.  The  calculi  bdonging  to  these  three 
spedes  are  soluble  in  alulis,  in  soap  ley,  in 
alcohol,  and  in  oils. 

4.  Coneemmg  the  fourth  species  of  gall- 
stone, very  little  is  known  with  accuracy. 
Dr.  Saunders  teUs  us,  that  he  baa  met  with 
some  gaU-stooes  insoluble  both  hi  alcohol  and 
oil  of  turpentine;  some  ofwhich  do  not  flame, 
but  become  red,  and  consume  to  ashes  like 
diarooal.  Haller  quotes  sevend  examines  of 
similar^calculi.  GaU-stoncs  oite  occur  fai  the 
inferior  animals,  particularly  in  cows  and  hogs; 
but  the  biliary  concretions  of  these  animals 
have  not  hitherto  been  examined  with  mndi 
attention. 

Soaps  have  been  proposed  as  movents  ftw 
these  calculi.  The  academy  of  Dijon  has 
published  tlie  success  of  a  mixture  of  essence  of 
turpentine  and  ether.    See  Cholestekike. 
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GALL  OF  GLASS.  OUm  gall,  callcd 
aho  Sandiver.  The  salt  skimmed  off  the 
eiirface  of  glass  whik  in  fusion. 

GALLS.  These  are  the  piotubenuices 
produced  by  the  puncture  of  an  insect  on 
plants  and  tzees  of  different  kinds.  Some  of  • 
them  are  baid,  and  termed  nut-gaOs ;  others 
are  soft  and  spongy,  and  called  benry-caUs, 
or  apple-gialls.  The  best  are  the  nut-gidls  of 
the  rak,  and  those  brought  finom  Aleppo  are 
prefened.  These  are  not  smooth  on  the  sur- 
face,  but  tubercular,  small,  and  heayy ;  and 
should  have  a  bluish  or  blackish  tinge. 

Deyeux  hiyestigated  the  properties  of  galls 
with  considerable  care ;  and  more  lately  Sir 
H.  Davy  has  ezammed  the  save  subject 
The  strongest  infusion  Sir  H.  Davy  could 
obtain  at  66P  F.  by  repeated  infoskm  of  dis- 
tilled  water,,  on  the  best  Aleppo  galls,  broken 
into  small  pdeces,  was  of  the  specific  gravitr  of 
1 .068.  Four  hundred  grafais  of  this  infhsion, 
evaporated  at  a  heat  bdow  200>,  left  63  of 
sotid  matter,  which  consisled  of  about  a9 
tannin,  and  0*  1  gsllic  add,  united  to  a  portion 
of  extiactive  matter.  One  hundred  grains  of 
the  solid  matter  1^  by  indnetatioo,  nearly  4f , 
which  were  diiefly  calcareous  matter,  mixed 
with  a  small  portion  of  fixed  alkali. 

From  500  grains  of  Aleppo  galls  Sir  H. 
Davy  obtahied,  by  infbsioD  as  above,  185 
grains  of  solid  matter,  which  on  analysis  ap- 
peared to  consist  of  tannin  130 ;  mudla^ 
and  matter  rendered  insohiUe  by  evaporation, 
12 ;  gaUic  add,  with  alittle  extractive  matter, 
31;  remainder,  calcareous  earth  and  saline 
matter,  12. 

The  use  of  galls  in  dyeing  is  very  extendve, 
and  theyareoneof  tlieprindpaiingredicDtsin 
making  ink.  Powdered  galls  made  into  an 
ointment  with  hog's  lard  are  a  very  efficadous 
application  in  piles.  They  are  sometimes  given 
internally  as  an  astringent ;  and  in  the  inter* 
mittents,  where  the  bark  has  fidkd.  The  tu- 
berdes,  or  knots,  on  the  roots  of  young  oaks, 
are  said  to  possess  the  same  properties  as  the 
nut^alb,  and  to  be  produced  in  a  similar 


For  their  acid,  see  Acid  (Gallic). 

GALVANISM.  The  li^wiiiff  article  is 
diidiy  extracted  from  a  piper,  whiA  was  read 
by  me  at  the  Glai^gow  litenvy  Sode^,  De- 
cember  10, 1818,  and  published  in  the  Joumal 
of  Science  and  the  Arts  of  the  fioUowli^  Ja- 
nuary.  I  have  inyw  subjoined  a  few  further 
observations,  on  the  application  of  voltaic 
slectiidty  to  the  resnsdtatioo  of  the  suspended 
funetioosafUle. 

Convulsions  acddentally  observed  in  the 
limbs  of  dead  frogs  originally  suggested  to 
Galvani  the  study  of  certain  nhenomena, 
vbidi  from  him  have  been  styled  Galvanic. 
He  ascribed  these  movements  to  an  dectiical 
fluki  or  power,  innate  in  the  livias  frame,  or 
<»l«hle  of  bdng  evolved  by  it,  i^lch  he  de- 


nomhiated  animal  dectridty.  The  Torpeda, 
Gymnotut,  and  SUurus  Eketrieut^  fish  en- 
dowed  with  a  true  electrical  apparatus,  ready 
to  be  called  into  action  by  an  effort  of  their 
will,  were  previously  known  to  the  naturalist, 
and  furnished  plausible  analogies  to  the  phi. 
loeopher  of  Boloffna.  Voha,  to  whom  this 
sdence  is  indebted  for  the  most  brilliant  dis- 
coveries on  its  prindples,  as  wdl  as  for  its 
marvdlous  apparatus,  jusdy  called  by  his 
name,  advanced  powerful  arguments  against 
the  hypodiesis  of  Galvani.  He  ascribed  the 
muscular  oonunotions,  and  other  phenomena, 
to  the  exdtatkm  of  common  dectridty,  by  ar- 
rangements previously  unthou^^t  of  by  the 
sdeotific  world;  merdy  by  the  mutual  contact 
of  dissimilar  bodies,  metals,  dnrooal,  and 
animal  matter,  applied  dther  to  each  other,  or 
conjoined  with  certain  fiuids.  And  at  the 
present  day,  perhaps  the  only  &cts  whidi  seem 
difficult  to  reconale  with  the  beautiful  theory  « 
of  dectromotion,  invented  by  the  Paviaa  pro-  « 
ftssor,  are  some  experiments  of  Aldini,  the 
nephew  of  the  original  discoverer. 

In  these  experiments,  ndther  metals  nor 
diareoal  were  employed.  Very  powerful  mus* 
cnlar  oontrsctwns  seem  to  have  been  excited, 
in  some  of  the  experiments,  by  brinpnga  part 
of  a  warm-bloooed,  nd  of  a  cold-blooded 
animal,  into  contact  with  each  other ;  as  the 
nerve  and  musde  of  a  firog,  with  die  bloody 
fledi  of  the  neck  of  a  newly  decapitated  ox. 
In  other  experiments,  the  nerves  wad  musdes 
of  the  same  animal  seem  to  have  operated  €hd. 
vanic  exdtadon ;  and  again,  the  nerve  of  one 
animalaeted  with  the  musde  of  anodier.  He 
deduces  ftom  his  experiments  an  inftrenoe  in 
favour  of  his  uncle's  hypodiesis,  that  a  proper 
animal  electricity  is  inherent  in  the  body,  vmtdi 
does  not  require  the  assistanoe  of  any  external 
agent  for  its  devdopment.  Should  we  admit 
the  realitjT  of  these  rerolts,  we  may  perhaps  ven. 
tun  to  refer  them  to  a  prindple  analogous  to  Shr 
H.  Davy's  pile,  or  v^Htsic  drcuit,  of  two  diss. 
mOar  liquids  snd  diarooaL  This  part  of  the 
subject  is  however  involved  in  deep  obscurity. 

Many  experiments  have  been  performed,  in 
this  country  and  abroad,  on  the  bodies  of  cri. 
minals,  soon  aftn  diar  execution.  VassaK, 
Julio,  and  Rossi,  made  an  am^  set,  on  sei 
vcral  bodies  decapitated  at  Turin.  They  paid 
partJcnlav  attention  to  the  effect  of  galvanic 
dectridty  od  the  heart,  and  other  involuntary 
musdes:  a  subject  of  nrach  prevkms  con- 
Uoversy.  Vdta  asserted,  that  these  musdes 
are  not  at  all  sensible  to  this  dectricpower. 
Fowler  maintained,  that  they  were  uSketed ; 
but  with  difficulty  and  in  a  slight  d^ree. 
This  opfaijon  was  confirmed  by  Vassali ;  who 
fturther  showed,  that  the  musdes  of  the  sto- 
mach, and  intesdnes,  mig^t  thus  also  be  ex- 
dted.  Aldini,  on  the  contrary,  dedared,  that 
he  could  not  affect  the  hesrt  by  hki  most 
powerful  galvanie  arrangements. 
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Mont  «f  the  abof  e  experfinents  wene  however 
made,  cither  without  a  voltaic  battery,  or  wi  A 
piles,  feeble  in  oomiMiiion  with  thote  bow' em- 
ployed. ThoM  indeed  perfinmed  on  the  body 
of  a  crimiDal,  at  Newoate,  in  which  the  limbt 
were  viokotly  agitat^;  the  eves  opened  and 
ahut;  the  mouth  and  jawa  worked  about,  and 
the  whole  fiioe  thrown  into  fris^tfiil  ooo* 
valaioDa,  woremade  by  Aldini,  with,  I  believo, 
a  couideEable  series  of  Yokaic  plates. 

A  ciicumstaaoe  of  die  firsi  moment,  in  my 
opinion,  has  been  loo  mneh  overiooked  hi 
ej^Mtmeots  <>f  this  kind,— that  a 
maai  thvoi:^  which  the  gslvanie 
dfaectly  trsnsminiriy  exhibits  wry  weak  oenio 
tractile  noYements,  in  OBmparisoo  with  tfaost 
which  esabefxdted  by  passing  Ihs  inflaenM 
along  the  piindpal  nerve  of  ibe  OMisole.  In* 
attention  to  this  importani  distmction,  I  csn. 
edve  to  be  the  principdl  sounse  of  the  aknder 
cflfecals  hitherto  paediwed  in  suish  •ezBeriments 
on  the  hcMt,  and  other  musdes,  independent 
ofthewiH.  Itought also tobeobsenped»«hnt 
too  little  distinction  has  bean  made  bet  wmn  die 
positive  and  nagative  poles  of  the  battoy ; 
though  theso  ase  good  irasnni  for  suf 
that  their  powem  on  muscular 
by  no  means  the  seme. 

Aoesidmg  to  Rltte,  the  clcotridty  of  tin 
positive  pok  au^Bents,  wbOe  4he 
diminisbm  the  actions  of  lifik 
of  pacts  is  pioihioedl^  thtfoner ; 
by  the  latter.  The  pnlso  of  dtt  hand,  lie  says, 
hsld  a  lev  minita  in  oonlnDt  widi  the  poii- 
dve  pole,  is  sttangifaeMd;  tbat4if  the  one  hi 
contaet  with  the  BsgatiYe  is  oifbebbd;  the 
isnMria  acoempanied  widi  Asanasnf  heat; 
the  latter  with  a  AeUng  of  eoldBesa.  Obfoets 
appsar  «o  a  positively  dootiiiied  cfe,  laiger, 
blighter,  and  sed;  whtle  to  one  nentSraiy 
dectiified,  tbof  sen  aBDoUer,  less  Jttstaict, 
and  bluish,.«colottr8  IndinBriBg  opposite  ex* 
tBsmitiBsoftbepcisaaalioiliectmD.  Thencid 
and  alhaUne  tasle^  whan  the  tongue  is  acted 
on  hi  suflseiriop  by  Ika  tfvo  dfctrfcritjps,  ate 
veH  kBOw%  and  have  been  ha 
counted  Ibc  by  Sir  it  Dwy,  in 
BakcrianliBctineB.  The  —ellof onymnaklic 
.add,  and  of  anamonia,  «e  said  by  Ritta^  to 
be  the  moaile  odoun,  ocdted  by  the  taw 
>polea;  aaalidlbodrnf  soundanda 
I  tone  aaa  the  osBeapanlmgflAots  on  tiK 
These  expcikients  aeqnnc  'vcfificntian. 
t  hi  iBBie  saspsclB,  thanigh  nat  in 
an,  with  those  untwMaHs.  we  the  ckietiines 
taiu^  by  a  Londsn  p 
in  ttie  adnhrisCradon  cf 
He  afiaiMy  that  the  hiflnenee  of  the  ekctiical 
iBoid  of  oof  Axmaon  machines  in  the  cure  of 
disease*  may  be reftnned to  tbieedisiinetfaeadaf 
lint,  thelbnik  of  fwrfU,  when  poojeoled  tan  a 
point  paaitivdycleGtiiiad;  aeosndly,  thatof  a 
slsr,  or  the  negative  €ie,  ooaooitied  on  a 
btaaa  baU;  thirily,  the  Leyden  eiiplodsn. 


To  each  of  theae  forms  he  i 
action.  The  first  aoU  m  a  aedatlve,  allaying 
morbid  activity ;  the  aecond  aa  a  stiaMlasi ; 
and  the  last  has  a  deobetruoit  operation^  ia 
diaperaing  chronic  tumours.  An  ample  nar- 
rative  af  caaes  is  pivcn  incanfinnsiioBof  dine 
general  piopodbona.  My  own  cxpenenct 
leads  me  to  suppose,  that  the  negative  pole  of 
a  vsitaic  battery  givea  nose  poignont  acnsa- 
tiens  than  the  podtive. 

Sut,  anq«cRth»abiy,  the  most  pcedoe  aad 
inter^stiag  researches  an  the  relation  becwcea 
voltaic  eleetndty  and  the  phenomena  of  1^ 
aoK  these  contained  in  Dr.  WikaoR  Pliiip's 
fNaaeitatloBa  hi  the  Philosaphicd  TsaaBBC 
lions,  as  wdl  ss  in  his  Experimental  Inquiry 
Inte  tlw  Lswa  of  the  Vital  FunolaoM,  moae 
reoeody  pnblfdhed* 

In  hia  earlier  wassirhei  he  eakleaivoHied  to 
paove,  that  the  daeulation  of  the  blood,  egad 
the  action  of  the  invofamterymuacie^  wtKii»* 
dependent  of  the  nervous  influeDOs.  In  a  hnt 
read  in  Jannmy  1816,  hedmwed  Ihr 


Inaaodii 


iiats  flfpmdenrp  of  the  i 
tions  on  the  nervous  induenoe. 

The  dgfath  pair  of  nerves  dieldhntad  lo  the 
abomacb,  and  mfaaervisnt  to  digestian,  wcee 
divided  by  inrfdnns  in  the  nedss  of  aevod 
Uvingmbbite.  Aft«rdieopen«ion,diepankT 
wfcsch  th^  ate  remained  without  aitoation  io 
their  stonachs;  said  die  animals,  after  eviB»> 
dngmndidiffiiMkyofbicBtlring,  aeenedtedte 
of  aufibeation.  But  when  m  eter  rabbits, 
dndlaily  tnated,  die  gsTvaiic  pomer  wan 
tmnsmitted  along  the  nerve,  bdow  its  seciieB, 
to  a  disc  of  silver,  placed  doady  in  uantari 
wHh  the  akin  of  the  animai  n|i|iadip  to  its 
alomach,  nodificailw  of  bnadng  oeennK^ 
The  voitaie  action  being  kept  im  for  twen^..Bix 
hooaa,  (he  rabbits  were  then  UBod,  and  the 
panley  waa  ^Mtnd  in  as  pedfactly  dfgiiitiil  a 
atate,  aa  that  hi  healthy  nbUtaftd  at  daesanic 
time;  snd  thav  stonmehi  evolved  the  smdi 
te  tkatof*  i 


Hence  it  appears  that  the  galvanic  <  ^ 
is  capable  of  supplying  the-plaoa  of  die  ncrv- 
4IUS  induenoe,  so  that,  while  nndsr  k,  the 
teflmach,  odiendse  hwdim,  digeais  food  as 
usnaL  I  am  not,  howeves,  witting  to  adopt 
theosndusion  drawn  by  Its  ingenious  ambor, 
thattiM«^ldendty  ofgdvaoie  electrid^and 
nervoas  influence  is  established  by  dieseezpe- 
dOMHts.'*  Iltey  dearfy  show  a  RmmlDsblc 
anakgy  between  theae  Cwo  powen,  sfaiee  die 
one  may  serve  as  a  substitute  lor  the  other. 
itmi^posdblybeuigsd  by  the  anatemist, 
tfaatas  the  stomadi  is  auppliBd  by  twigs  of 
othsr  naives,  wMoh  oommunicate  under  the 
plBOS«f  Dr.  Phiip*s  section  of  diepor  vagmm^ 
the  galvanic  fluid  mav  operate  mendy  aa  a 
powoful  sthnnhis,  exatlBgdiose  atondor  tw^ 
to  pctfiwm  audi  w  ineresw  of  action,  as  may 
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oompeoMlU  for  Utt  waat  if  the  princbia  nerve. 
The  above  esperiments  were  repealtad  on  dogs, 
wUh  like  renOts;  the  battery  never  being  to 
strong  aa  to  occasion  pafaiful  ahocka. 

The  removal  of  dmncea,  aa  stated  above, 
led  him  to  try  gaivaniam  aa  •  remedy  in 
asthma.  By  tnnamitting  its  influence  firam 
the  nape  of  the  neck  to  the  pit  of  the  stomach, 
be  gave  decided  reUef  in  every  one  of  twen^- 
two  cases,  of  which  four  were  in  private  piao- 
tice,  and  eighteen  in  the  Worcester  Infinaary. 
The  power  employed  varied  fiom  ten  to  twcn^* 
five  nainb 

Tlie  general  faifcKnoea  deduced  hv  him  horn 
his  rnidtqpiUed  cKperiments  aie,  that  vdtak 
dectacity  is  capable  of  cffeotuig  the  foimation 
of  the  secreted  fluids  when  appUed  to  the  blood 
in  the  same  way  in  wfaidi  the  nervous  influenee 
is  applied  to  it;  and  that  it  is  capable  of  occa- 
sioning an  evcdtttioa  of  caloric  from  arterial 
blood.  When  the  lungs  are  deprived  of  the 
ncrvons  infiuenoe,  by  which  their  function  is 
impeded,  and  even  destroyed,  when  digestion  is 
utanmted^  by  withdrawing  ihis  mfluencs 
from  the  stomach,  these  two  vital  fanetiotts  are 
renewed  b^*  exposing  them  to  the  inflnenoe  of  a 
^dvanic  trawgL  ^^  Hence^"  says  he,  ^  gal. 
vaaism  seesms  capable  of  pcrteming  all  the 
functions  otf  the  nervous  influence  in  the  animal 
economy  ;  but  obviously  it  cannot  t^ato  the 
fiinetioQS  of  animallife,  vnleBS  when  acting  on 
pans  endowed  wtdi  the  living  principle." 

Theae  results  of  Dr.  VtuJixp  have  been 
recently  oonfijcmed  by  Dx.  Clsrke  Abd,  of 
Brighton,  who  employed,  in  one  of  the  repeti- 
tions of  tl^  eneDments^a  comparatively  smaU, 
and  in  ^e  other  a  considerable  degree  of  gaU 
vaniam.     In iheiimnes^  althon^  die galvan. 
ism  was  not  of  suflkient  power  tooooaskm  evi. 
dent  digestion  of  the  food,  yet  tha  cfferts  So 
vomit*  and  the  diflScolty  of  breathing, 
effects  of  dividing  the  eighth  pair  of 
were  prevented  by  it.  Tmc  synmtomi 
red  vAien  it  wasmseontinued,  andvaniahed  on 
its  re^pUcation.     ^'  The  respiration  of  tha 
animal,"  he  observes,  <^  continued  quite  free 
during  the  experiment,  exeept  when  the  dis- 
engagement lif  the  nerves  from  the  tin.foa 
Rndiied  a  short  suspension  of  the  galvanism 
neeeaiary  during  thag  wiadjnatmmt."    «'The 
non-galvaniMd  rabbit  beeathed  with  diffieahy, 
v^eesed  audibly,  and  made  frequent  attempts 
to  vomit."   InlheUrtterexperhnent,hiwhibh 
the  greater  power  of  galvanmn  waa  employed, 
^    dtgestkm  went  on  aa  in  Dr.  Philip's  experi- 
ments.—Joar.  Se.  ix. 

M.  GaUois,  an  emiMnt  fWndi  physiologiet, 
had  endeavoured  to  prove  that  we  motion  of 
the  heart  depoids  entirBly  upon  (he  sfunal 
narrow,  and  immediately  ceases  when  the 
BdsKiow  is  removed  or  destwyed.  Dr. 
appears  to  have  reftttod  dns  notion  by 
^    '  Babbits 


moved,  and  the  respiration  kept  up  by  arti- 
ficial  means;  the  motion  of  the  heart,  and  the 
circulation,  were  carried  on  as  usnaL  When 
spirit  of  wine,  or  opium,  was  applied  to  the 
spinal  marsow  or  brain,  the  rate  of  the  drcula- 


Kodered  inaoaible  by  a  blow  en  the  ooriput; 
the  qpfaisl  DMSiow  and  brain  were  then  re- 


Theae  general  physiological  views  wiH  serve, 
I  hope,  aa  no  inrapropiate  introduction  to  the 
detail  of  the  galvanie  phenomena  eidiib&ted 
here,  on  the-4th  of  November,  in  the  body  of 
the nmrderer  Clydesdale;  and  they  may  pro. 
baUy  guide  ua  to  some  valuable  pracdosl  in. 

of  these  experimeats  was  a 

^athleCie,andeKtNDidhrmu8adar 

Bum,  abeutthirty  years  of  age.  He  was  sua- 
pended  from  the  ga&ews  nearly  an  hour,  and 
made  no  convulsive  stmgn^  after  he  dropped ; 
while  a  thief,  eseoated  along  with  him,  was 
violendy  amttted  for  a  considerable  time.  He 
waa  broufpt  to  the  anatomicd  theatre  of  our 
university  in  about  tea  minntes  sfter  he  was  • 
cut  down.  His  free  had  a  perfectly  natural 
aspect,  befaig  aei«her  Uvid  nor  tuaiefied ;  end 
there  waa  no  dislocation  of  his  neck. 

Dr.  JeffiNi]r,  the  ^Hstingnished  pofessor  of 
anatomy,  having  <m  the  nreoeding  day  request- 
ed  me  topeiiorm  the  salvaidc  experiments,  I 
sent  to  htt  theatre  with  this  view,  next  mom- 
iag,  my  wilaer  voltaic  battery,  oonsistSng  of 
270 'pairs  of  four  inch  pUtes,  with  wires  of 
eommnnieatien,  and  pointed  metallic  rods  with 
insolaSnig  haadlea,  rar  the  more  commodious 
applieation  of  the  deetric  power.  About  five 
aomutes  before  die  police  oflicen  arrived  with 
the  body,  the  battery  was  charged  with  adflute 
ailro-sulpburic  add,  which  apeedOy  brou^t 
ithitoa  stateofmtenseadion.  ne  dissec- 
tions were  skilfliBy  executed  bv  Mr.Hanfaall, 
under  the  simermtendence  of  the  ptofrssoTk 

JSjBf,  1.  A  large  indsion  was  made  Into 
die  nape  of  die  nnk,  dose  bdow  the  occ^. 
The  posterior  half  of  the  aOat  vertebra  was 
then  removed  by  bone  forceps,  when  the  spi. 
ad  marrow  was  brought  into  view.  A  pro- 
lose  flow  of  liqidd  Uood  gushed  from  die 
WNMid,  hmndatfaig  the  floor.  A  condderable 
inrisisn  was  at  die  same  time  made  in  the  left 
hip)  dmmdi  the  oieat  ^nted  musde,  so  aa 
to  faring  the  scia£  nerve  into  sight;  and  a 
small  cut  was  made  hi  the  hed.  Yttm  ndther 
of  these  did  any  blood  flow.  The  painted  rod 
eonneoCed  with  one  end  of  the  batteiy  was  now 
placed  in  contact  widi  die  spind  marrow, 
while  die  other  rod  was  appliBd  to  die  sdatlc 
nerve.  Every  minele  of  the  body  was  imme- 
diately agitated  with  convuldve  movementa, 
sesombfing  a  violent  dinddering  from  cold. 
The  left  side  was  most  powerfuUy  convulsed 
at  each  renewd  of  die  dectric  contact  On 
msving  the  aeoond  rod  from  the  hip  to  die 
heel,  the  fcnee  beins  previoudy  ben^  the  leg 
was  thrown  oat  with  sudi  videnoe  as  nearly 
toovettsm  one  of  die  assistants,  who  in  vain 
attempted  to  prevent  its  extension. 
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Exp.  3.  The  left  phfenk  nerve  was  now 
laid  bare  at  the  ovier  edge  of  the  tUmothy- 
roideut  muscle,  from  three  to  ibor  iocfaes  above 
the  flsvide;  the  cutaneoos  indakm  having 
been  made  bj  the  side  of  the  steraodddo- 
nuwtoideiu.  Since  this  nerve  is  distributed 
to  the  diaphngm,  and  once  ft  oommunicatea 
widi  the  heart  through  the  eighth  pair,  it  was 
expected,  by  transmittmg  the  galvanic  power 
along  it,  that  the  lespiiatory  procen  would  be 
rmewed.  Aocordhigly,  a  small  incision  hav- 
ing  been  made  under  the  cartilage  of  the 
seventh  rib^  the  point  of  the  one  insulating 
rod  was  brou^t  into  ooDtaot  with  the  great 
head  of  the  diaphragm,  while  the  other  point 
was  applied  to  the  phrenic  nerve  in  the  neck.' 
This  muscle,  the  main  agent  of  respiratfon, 
was  instantly  contracted,  but  with  less  force 
than  was  expected.  Satisfied,  frqm  ample 
experience  on  the  living  body,  that  moie 
powerful  effects  can  be  produced  in  gpdvanic 
^  excitation,  by  leaving  the  extreme  oommnni* 
eating  rods  in  dose  contact  with  the  parts  to  be 
opoated  on,  while  the  electric  cfaam  or  cbvoit 
is  completed  by  ninning  the  end  of  the  wires 
along  the  top  of  the  pLtes  in  the  last  trough 
of  either  pole,  the  other  wire  being  steadily  im*. 
mersed  in  the  Ust  cell  of  the  opposite  pde,  I 
had  immediate  recourse  to  Uiis  method.  The 
success  of  it  was  truly  wonderful.  Full,  nay, 
laborious  breathing,  instantly  commeuced. 
The  chest  heaved,  and  fell;  the  belly  was 
protruded,  and  again  collapsed,  with  the  re- 
laxing and  retiring  diaphragm.  This  process 
was  continued,  without  inteiruption,  as  long 
as  I  continued  the  electric  disduiges. 

In  the  judgment  of  many  scientific  gentla- 
men  who  witnessed  the  scene,  this  respiratory 
experiment  was  perhuM  the  most  striking  ever 
made  with  a  philosophical  apparatus^  Let  it 
also  be  remembered,  that  for  full  half  an  hour 
before  this  period,  the  body  had  been  well  nigh 
drained  of  its  blood,  and  the  s^nal  manow 
severely  lacerated.  No  pulsation  could  be 
perceived  meanwhile  at  the  heart  or  wrist; 
but  it  mav  be  supposed,  that  but  for  the  eva. 
cuation  of  the  blood,— the  essential  stimulus 
of  that  organ,— this  phenomenon  might  also 
have  occurred. 

Exp,  3.  The  supraorbital  nerve  was  lakl 
bare  in  the  forehead,  as  it  issues  through  the 
supra^fliary /oTflfwii,  in  the  eyebrow:  the 
one  conducting  rod  being  applied  to  it,  and 
the  other  to  the  heel,  most  extraordiuBry  gri- 
maces were  exhibited  every  time  that  the 
electric  discharges  were  made,  by  running 
the  wire  in  my  hand  along  the  edges  of  the 
last  trough,  from  the  220th  to  the  270th  pair 
of  plates :  thus  fif^y  shocks,  eadi  greater  £an 
the  preceding  one,  were  giyen  in  two  seconds. 
Every  muscle  in  his  countenance  was  simul- 
taneously  thrown  into  fearful  action;  rage, 
horror,  despair,  anguish,  and  ghastly  smiles> 
uniunl  their  hideous  expression  in  the  mur- 
derer's face,  suipasaing  far  the  wildest  repre- 


sentations of  a  Fusdi  or  a  Kean.    At  I 
riod  several  of  the  spectators  were  forced  to 
leave  the  apartment  from  tenor  or  iirknfiia. 
and  one  gentleman  tinted. 

Exp.  4.  The  last  galvanic  experiment  con- 
sisted in  transndtting  the  electric  power  from 
the  spinal  marrow  to  die  ulnar  nerve,  ask 
passes  by  the  internal  condyle  at  the  Aam  z 
the  fingers  now  moved  nunbly,  like  thoae  of 
a  violin  performer ;  an  assistant,  who  tried  ts 
ckMe  the  fist,  found  the  hand  to  open  fioe^ily, 
ii)  spite  of  his  efibrts.  When  the  one  rod  was 
applied  to  a  slight  indsion  in  the  tm  of  the 
fore-finger,  the  fist  being  previonshr  denched, 
that  finger  extended  histantly;  and  fiom  the 
convulsive  agitation  of  the  arm,  he  seemed  to 
point  to  the  dtfibcnt  spectators,  someof  wIiodi 
thought  he  had  come  to  life. 

About  an  hour  was  spent  in  these  opciatkMis. 

In  deliberating  on  the  above  galvame  phe- 
nomena, we  are  almost  willing  to  jmagfaw, 
that  if,  without  cutting  into  and  wocmding  tbe 
spmal  marrow  and  blood-vesseb  in  the  neck, 
the  pnlmonsry  organs  hsd  been  set  a-playing 
at  first,  (as  I  proposed),  by  dectiifyinjg  the 
phrenic  nerve,  (which  may  be  done  without 
any  dangerous  inchdonX  ^^<^  ^*  &  probability 
that  life  might  have  been  restored.  This  event, 
however  little  desirable  with  a  murderer,  ssid 
perhi^  contrary  to  law,  would  yet  have  been 
pardonable  in  one  instance,  as  it  would  havcbeen 
highly  honounble  and  useful  to  sdenoe.  From 
the  accurate  experiments  of  Dr.  Philip  it  ap- 
pears, that  the  action  of  the  diaphrapo  and 
lungs  is  indispensable  towards  restoring^  the 
suspended  action  of  the  heart  and  great  veaseik, 
subservient  to  the  dicalatioo  of  the  blood. 

It  is  known,  that  cases  of  death-Me  lethargy, 
or  suspended  animation,  from  disease  and  ac- 
ddflDts,  have  occurred,  wfacre  lifb  has  retunocd, 
after  longer  intetruption  of  itsfimcfioDs  than  in 
die  subject  of  the  preceding  experiments.  It 
is  probable,  when  apparent  death  sapervenea 
from  sttfibcation  with  noxious  gssea,  ftc  mad 
when  there  is  no  organic  Ismon,  that  a  judi- 
ciously directed  galvanic  experiment  wID,  if 
any  tUng  will,  restore  the  activity  of  die  vital 
fiinctkns.  The  phois  of  administeriag  voltaic 
electricity  hitherto  porsoed  in  such  cases  are, 
in  my  himiible  apprebenaum,  very  defective. 
No  advantage,  we  perceive,  is  likeiy  to  aoonie 
from  passmg  dedzic  discharges  across  the 
chest,  direcdy  throng  die  heart  and  luaga. 
On  the  principles  so  well  devebped  by  Dr. 
Philip,  and  now  illustrated  on  Clydesdale'a 
body,  we  should  transmit  along  the  channel  of 
the  nerves,  that  subsdtnte  for  nervous  iafiaence, 
or  that  power  which  mayperchance  awaken 
its  dormant  faculties.  a%en,  indeed,  fisir 
hopes  may  be  foimed  of  deriving  extensive 
benefit  from  galvanism ;  and  of  raising  this 
wonderful  agent  to  its  expected  rank  among 
the  ministers  of  health  and  liie  to  man. 
,  I  would,  however,  beg  leave  to  suggest 
another  nervous  channel,  which  I  conceive  to 
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he  ft  tdD  readier  and  mote  powofbloBe,  to\he 
actioii  of  the  heart  and  lunga,  than  thephzenic 
laerve.  If  a  loDgitudiiial  incuion  be  made,  as 
18  fireqnently  done  for  aneuriam,  throngh  the 
integumenta  of  the  neck  at  the  outer  edge  of  the 
sierruMmuioideut  muacle,  about  half  way  be- 
tween  the  cUvide  and  angle  of  the  lower  jaw ; 
then  on  tnmhig  ova  the  edge  of  this  muade, 
we  bring  into  view  the  throbbing  carotid,  on 
the  outside  of  whidb,  the  par  vagutnj  and 
fgreat  sympathetic  nerve,  lie  together  in  one 
sJieath.  Here,  therefiae,  they  may  both  be 
directly  touched  and  prated  by  a  blunt  me- 
tallic conductor.  Tfa»e  nerves  communicate 
directly,  or  indirectly,  with  the  phrenic ;  and 
tlie  superficial  nerve  of  the  heart  is  sent  off 
fiom  the  sympathetic. 

Should,  however,  the  phiGDio  nerve  be  taken, 
that  of  the  left  side  is  the  preferable  of  the  two. 
From  the  position  of  the  heart,  the  left  phrenic 
difiers  a  little  in  its  course  from  the  right.  It 
passes  over  the  pericurdium,  covering  the  apex 
of  the  heart 

While  the  point  of  one  metallic  conductor 
fa  applied  to  the  nervous  cords  above  de- 
flcnbed,  the  other  fau>b  ought  to  be  firmly 
preaaed  against  the  ude  of  me  person,  imme- 
diately under  the  cartili^  of  the  seventh  rib. 
The  akin  should  be  moistened  with  a  solntioa 
of  common  salt,  or  what  is  better,  a  hot  sa- 
turated solution  of  sal  ammoniac,  by  which 
means,  the  decCric  enoRy  will  be  more  effec- 
tually conveyed  through  the  cuticle  so  as  to 
complete  the  voltaic  chain. 

To  lay  bare  the  nerves  above  described,  re- 
qoiivs,  as  I  have  stated,  no  formidable  incision, 
nor  4<>ea  it  demand  more  anatomical  skill,  or 
Burf^cal  dexterity,  than  every  practitioner  of 
the  healing  art  ooght  to  possess.  We  should 
always  bear  inmi^  that  the  subject  of  expe> 
liment  is  at  least  inseasihle  to  pain;  and  that 
life  is  at  stake,  perhiya  inecoverably  gon& 
And  assuredly,  if  we  phM»  the  risk  and  dif- 
ficol^  of  the  eperation  In  oonqpetition  with 
the  hieaaiBgi  and  g|oiy  consequent  on  sneoesa, 
they  will  weigh  as  nothhig,  with  the  intdli- 
gcait  and  humane.  It  is  posdUe,  Indeed,  that 
two  small  brass  knobs»  oovared  with  doth 
moistened  with  solution  of  sal  ammoniac, 
prcsaffd  above  and  bdow,  on  the  plaoe  of  the 
nerve,  and  the  dla|duragmatic  region,  may  suf- 
fice, without  any  suigUal  operation  s  It  may 
first  betried. 

ImmenlOQ  of  the  body  in  cold  water  acce- 
lerates gready  the  extinction  of  life  aridns 
firom  Bol&eation^  and  hence  less  hope  need 
be  entertained  of  reeoivering  drowned  persons 
after  a  conaidsrable  interval,  than  when  the 
vital  heat  has  been  sufifered  to  contfene  with 
little  abaCamsnt.  None  of  the  ordinary  prac 
tices  judidoudy  enjoined  by  the  Humane  So* 
ciety  should  ever  on  such  oceadons  be  ne- 
glected.  For  it  is  surety  culpable  to  spare  any 
pains  whidi  msy  contdbnte,  in  the  sUghteit 


degree,'to  recall  the  fleeting  brealh  of  man  to 
its  cherished  mandon. 

My  attention  has  been  again  particularly 
directed  to  this  hitetating  subject,  by  a  very 
flattering  letter  which  I  Utdy  received  from 
the  learned  8ecretaiy  of  the  Royal  Humane 
Sodety. 

In  we  preceding  account,  I  had  aeddentally 
omitted  to  state  a  very  essential  drcumstanoe 
relative  to  the  dectrization  of  Clydesdale.  The 
paper  indeed  wss  very  rapidly  written,  at  the 
busiest  period  of  mv  public  prdections,  to  be 
presented  to  the  society,  as  a  substitute  for  the 
essay  of  en  absent  friend,  and  was  sent  off  to 
London  the  morning  after  it  was  read. 

The  positive  pole  or  wire  connected  with 
the  anc  end  of  the  batterv  was  that  whidi  I 
applied  to  the  nerve ;  and  the  negative,  or  that 
connected  with  the  copper  end,  was  that  which 
I  applied  to  the  muscles.  This  is  a  matter  of 
primaiy  importance,  as  the  following  experi- 
ments will  prove. 

Prepare  the  posterior  limbs  of  a  frog  for 
voltaic  dectrization,  leaving  the  crural  nerves 
connected,  as  usual,  to  a  £tached  portion  of 
the  spine.  When  die  exdtability  has  become 
nearly  exhausted,  plunge  the  limbs  into  the 
water  of  one  wine  guss,  and  the  crural 
nerves  with  thdr  pendent  portion  of  spine 
into  that  of  the  other.  The  edges  of  the  two 
glasses  should  be  almost  in  contact  Then 
taking  a  rod  of  zinc  in  oat  hand,  and  a  rod  of 
sQver  (or  a  silver  tea-spoon)  in  the  other, 
plunge  the  fiormer  into  the  water  of  the  limbs* 
glass,  and  the  latter  into  that  of  the  nerves* 
glass,  without  toudiing  the  frog  itself,  and 
gendv  strike  the  dry  parts  of  the  bright  metals 
together.  Feeble  convuldve  movements,  or 
mere  twitching  of  the  fibres,  will  be  percdved 
at  every  eontact  Reverse  now  the  podtion  of 
4ie  mmUic  rods,  that  is,  plunge  the  zinc  into 
die  nenes*  glass,  and  tiie  silver  into  the  other. 
On  renewing  the  contact  of  the  drv  surfaces 
of  the  metal  now,  very  livdy  convulsions  will 
take  jdaee ;  and  if  the  limbs  are  skilfully  dis- 
posed in  ananowish  conicd  glass,  they  will 
probably  spring  out  to  some  distance.  This 
Interesting  experiment  nutv  be  agreeably  varied 
in  the  foilowmg  way,  with  an  assistant  opera, 
tor ;  Let  that  penion  8dze,in  die  moist  fingers 
of  his  left  hand,  the  spine  and  nervous  c^s 
of  the  prepared  f^ ;  and  in  tiiose  of  the  right 
hand,  a  silver  rod ;  and'  let  the  other  person 
lay  hold  of  one  of  the  limbs  with  his  right 
hand,  while  he  holds  a  zinc  rod  m  the  moist 
fingers  of  the  left.  On  making  the  metallic 
contact,  feeble  convuldve  twitchings  will  be 
percdved,  as  befbre.  Holduig  still  the  frog  as 
above,  let  them  merdy  exdumge  the  pieces  of 
metal.  On  renewing  the  contacts  now,  lively 
movements  will  take  place,  which  become  venr 
conspicuous,  if  one  limb  be  hdd  nearly  hori- 
sontal,  while  die  other  hangs  fredy  down.  At 
each  touch  of  the  voltaic  pair,*uie  drooping 
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limb  wiQ  start  up,  and  strike  the  hand  of  the 
experimenter. 

It  ia  evident,  therefore,  that  for  the  pur- 
poses  of  resuscitating  dormant  irritability  of 
nenres,  or  contractility  of  their  subordinate 
musdes,  the  positive  pole  must  be  applied  to 
the  former,  and  the  negative  to  the  latter.  I 
need  scarcdy  surest,  that  to  make  the  above 
experiments  ana^gous  to  the  condition  of  a 
warm-blooded  animal,  apparently  dead,  the 
frog  must  have  its  excessive  voltaic  sensibility 
considerably  blunted,  and  brought  near  the 
standard  of  the  latter,  before  beginning  the  ex- 
periments. Otherwise  that  animal  electro- 
scope, incomparably  more  delicate  than  the 
gold,  leaf  condenser,  will  give  very  decided  con- 
vulsions with  either  pole. 

At  the  conclusion  of  the  article  Caloric^  I 
have  taken  the  liberty  of  suggesting  some  simple 
and  ready  methods  of  supplying  warmth  to 
the  body  of  a  drowned  person. 

GAMBOGE  is  a  concrete  vegetable  juice, 
the  produce  of  two  trees,  both  called  by  the 
Indians  caracapulli  (gambogia  gutta,  Lin.), 
and  is  partly  of  a  gummy  and  partly  of  a  re- 
sinous natuTBi  It  is  brought  to  us  either 
in  the  form  of  orbicular  masses,  or  of  cylindrical 
rolls  of  various  sizes ;  and  is  of  a  dense,  com- 
pct,  and  firm  texture,  and  of  a  beautiful  yel- 
low. It  is  chiefly  brought  to  us  from  Cam- 
baja,  in  the  East  Indies,  called  also  Cambodja, 
and  Gambogia ;  and  hence  it  has  obtained  its 
name  of  cambadium,  cambogium,  gambogium. 
It  is  a  very  rough  and  strong  puree;  it 
operates  both  by  vomit  and  stool,  and  both 
ways  with  much  violence,  almost  in  the  instant 
in  which  it  is  swsjlowed,  but  yet,  as  it  is  said, 
without  griping.  The  dose  is  from  two  to 
four  grains  as  a  cathartic;  from  four  to  eight 
grains  prove  emetic  and  ^uigative;  The 
roughness  of  its  operation  is  diminished  by 
giving  it  in  a  liquid  form  sufficiently  diluted. 

This  gum  resin  is  soluble  both  in  water  and 
in  alcoh^.  Alkaline  solutions  possess  a  de^ 
red  colour,  and  pass  the  filter.  Dr.  Lewis  in- 
forms lis,  that  it  gives  a  beautiful  and  durable 
dtron-ydlow  stain  to  marble,  whether  rubbed 
in  substance  on  the  hot  stone,  or  applied,  as 
dragon's  blood  sometimes  is,  in  form  of  a 
spirituous  tincture.  When  it  is  applied  on 
cold  marble,  the  stone  is  afterwards  to  be 
heated  to  ms^  the  colour  penetrate. 

It  is  chiefly  used  as  a  pigment  in  water  co- 
lours, but  does  ndt  stand. 

Acoordins  to  M.  Braconnot,  it  consists  in 
100  parts  of  20  gum  and  80  resin.  Antu  de 
CAim.^68.^.36. 

GANGUE.  The  stones  which  fill  the 
cavities  that  form  the  veins  of  metals  are 
called  the  mngue,  or  matrix  of  the  ore. 

GAKNET.  Professor  Jameson  divides 
this  mineral  genus  into  3  cpedes,  the  pyra-- 
midal  garnet,  dodecahedral  garnet,  and  prti- 
matic  garnet. 


I.  Pyramidal  contains  3  sub-apcctea,  Ve- 
suvian,  Egeran,  and  Gehlenite,  which  see. 

ll^-^Dodecahedral  garnet  contains  9  suh- 
species.  1.  Pyrendte.  2.  Oiossuhne.  X 
Melanite.  4.  Pyrope.  5.  Garnet.  0.  AJ. 
lochroite.  7*  Colophonite.  &  CSnnamiv. 
stone.    9.  Helvin. 

III.— -Prismatic  garnet ;  the  grenalite. 
We  shall  treat  here  only  of  the  garoet, 
proper.    Of  this  sub-spedes  we   have   two 
kinds,  the  precious  and  common. 

Precious  or  noble  gamete  Colours  dark 
red,  falling  into  blue.  Seldom  massive,  some, 
times  disseminated,  most  commonly  in  n>oiMl> 
ish  grains,  and  crystallized.  I.  In  the  iboro- 
boi£j  dodecahedron,  whid&  is  the  primiiiie 
form ;  2.  Ditto  truncated  on  all  the  edgef ; 
3.  Acute  double  dght-sided  pyramid  ,  and  4. 
Rectangular  four-sided  prism.  The  surface 
of  the  grains  is  generally  rough,  imeven,  or 
granulated;  that  of  the  crystals  is  alwajs 
smooth.  Lustre  externally  glisteoiiig  ;  in- 
ternally shining,  bordering  on  splendeat.  Frac- 
ture conchoidal.  Sometimes  it  oocars  in  la- 
mellar distinct  concretions.  Transpaieot  or 
translucent  Refracts  single.  Scratches  quartz, 
but  not  topaz.  Brittle.  Rather  difficultly 
frangible.  Sp.  g.  4-0  to  4.2  Its  ooostitueots 
are,  silica,  39-66,  alumina  19.66,  blade  oxide 
of  iron  39-68,  oxide  of  manganese  I.OOl— ifer- 
zeliu*.  Before  the  blowpipe  it  fiiscs  into  s 
black  enamd,  or  scoria.  It  occurs  imbedded 
in  primitive  rocks  and  primitive  noetallifcrous 
beds.  It  is  found  in  various  northein  coon- 
ties  in  Scotland ;  in  JMorway,  Lapland,  Swe- 
den, Saxony,  France,  &c.  It  .is  cut  for  ring- 
stones.  Coarse  garnets  are  used  as  enaery  kr 
polisiiing  metals.  The  foUowipg  vitreous  oom- 
position  imitates  the  garnet  very  doady  z 
Purest  white  glass,  2  ounces 
Glass  of  antimony,  1  ounce 
Powder  of  Cassius,  1  gram 
Manganese,  I  grain,  ^^amesom. 

The  garnets  of  Pegu  ate  mostbigjhly  valued- 
Common  gameU  Brown  and  green  are  its 
most  common  ooburs.  Massive,  bat  oerer  in 
gnuns  or  angular  pieces.  Sometimes  crystal- 
lized,  and  possesses  aQ  thcformsof  the  pveciotts 
garnet.  Lustre  shining  or  glistening.  FtactYire 
fine-grained,  uneven.  More  or  less  translucent; 
the  black  kind  nearly  opaque.  It  is  &  little 
softer  than  precious  garnet.  Rather  diflicultly 
frangible.  Sp.  gr.  3.7.  Before  the  blowpipe 
it  mdts  more  easily  than  precious  garnet,  its 
constituents  are  36  silica,  20-6  alumina,  31.6 
lime,  10>5  iron.—  Vauquelin,  It  occurs  nuo- 
sive  or  crystallized  in  drosy  cavities,  in  beds, 
in  mica-slate,  in  day-date,  chlorite-slaie  and 
primitive  trap.  It  is  found  at  Kilrandagfa 
and  Donegal  in  Ireland;  at  Arendal  and 
Drammen  in  Norway,  and  in  many  oihex 
.countries.  On  account  of  its  easy  fusibility 
and  richness  in  iron,  it  is  frequently  employed 
as  a  flvx  in  imdting  rich  iron  ores.    It  is 
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■owaetimd  uied  inrtead  of  emety  by  lufMtrlfg. 


OARNET  (RESINOUS).  The  mineral 
called  Colophomte, 

GARNET  .  BLENDE,    oa     ZINC - 
BLiKNDE.    A  sulphuict  of  zmc 

OAS.  This  name  is  given  to  all  perma- 
nently elastic  flolds,  simple  or  compound, 
except  the  atmosphexe,  to  which  the  temi  Air 
is  appropriated. 

The  solid  state  is  that  in  which,  by  the  pre* 
dominance  of  the  attractiye  forces,  the'partides 
are  condensed  into  a  coherent  aggregate ;  the 
gaseous  state  is  that  in  which  ue  repulsive 
forces  hare  acquired  the  ascendency  over  the 
attiacdve ;  and  the  liquid  condition  rnireaents 
the  equilibrium  of  these  two  powers.  Vapours 
are  ehistic  fluids,  which  have  no  permanence ; 
since  a  moderate  reduction  of  temperature 
causes  them  to  assume  the  liquid  or  solid 


Cohesive  attraction  among  homogeneous 
parttdes  is  the  great  antagonist  to  chemical 
affinity,  the  attraction  of  composition,  the  force 
which  tends  to  bring  into  intimate  union  hete- 
rogeneous particles.  Hence  the  juxtaposition 
«f  two  solids,  of  a  solid  and  a  liquid,  or  even 
of  two  liquids,  may  never  determine  their 
chemical  combination,  however  strong  their 
xedprocsl  affinity  shall  be- 

In  the  case  of  two  liquids,  or  a  liquid  and 
^'a  solid,  mere  juxtaposition  requires  that  the 
denser  body  be  undermost,  and  that  no  dis* 
engagement    of  gas,    or  external  vibration, 
agitate  the  surfaces  in  contact     Hence  those 
world  framers,  who  ascribe  the  salmess  of  the 
sea  to  supposed  beds  of  rock  salt  at  its  bottom, 
have  stiU  the  phenomenon  of  the  strong  im- 
pregnation of  the  surface  to  explain ;  for  the 
{mifound  tranquillity  which  is  known  to  reign 
at  very  moderate  depths  in  this  mighty  mass, 
would  for  ever  prevent  the  difiusion  of  the 
saturated  brine  below,  among  the  light  waters 
above.    Or  if  this  tranquillity  be  disputed, 
then  progressive  density  from  above  down- 
wards should  be  found,  and  continually  in- 
creasing impregnation.    Now  none  of  these 
results  lias  occurred.     But  with  gases  in  con. 
tact,  there  is  no  obstacle,  from  cohesive  at- 
traction, to  the  exertion  of  theh  reciprocal 
affinities.    Hence,  however  feeble  these  may 
be,  they  never  fwl,  sooner  or  later,  to  cause 
an  intimate   mixture   of  different  gases,  in 
which  the  ulthnate  partides  approach  withhi 
the  limit  corresponding  to   their  redprocal 
action.    The  difimnce  of  density  may  delay, 
bat  cannot  prevent,  uniform  diffusion     Thus 
we  see  that  known  powers  can  account  fbr  the 
phenomena.    There  is  no  need  therefore  ai 
having  reoourse  to  the  carious  hypothesis  of 
Hr.  Dslton,  that  one  gas  is  a  neutral  unrs- 
sisdiw  void  with  regaid  to  another,  hito  which 
it  wiU  rudi  by  its  innate  expansive  force. 
Bat  of  tliis  notion  sufficient  nodes  has  been 
taken  hi  the  article  Aza  (Atxospberic). 


The  principle  of  gaseous  combination,  first 
broached  in  the  neglected  treatise  of  Mr. 
Higgins,  but  since  developed  with  consum- 
mate sagacity  from  the  original  researches  of 
M.  Qay  Lussac,  has  thrown  a  new  light  on 
pneumatic  chemis^,  which  has  been  rSected 
into  all  its  mysterious  departments  of  aidmal 
and  vegetable  analysis*  Having  given  the 
details  under  the  artide  Equivalents  (Che* 
mtcaiyt  we  shall  merdy  state  in  this  place, 
that  the  combinations  of  gaseous  l>odie8  are 
always  effected  in  simple  ratios  of  the  volumes, 
so  that  if  we  represent  one  of  the  terms  by 
unity,  or  I,  the  other  is  1,  2,  or  at  most  3. 
Thus  ammoniacal  gas  neutralizes  exactly  a 
volume  equal  to  its  own,  of  the  ga.seou8  adds. 
It  is  hence  probable,  that  if  the  alkalis  and 
adds  were  in  the  dastic  state,  they  would  all 
combine,  each  in  equal  volume  with  another, 
to  produce  neutral  salts.  The  capadty  of 
saturation  of  the  adds  and  alkalis,  measured 
by  volumes,  would  then  be  the  same;  and 
perhaps  this  would  be  the  best  manner  of  esti- 
mation. In  the  following  tables  of  gaseous 
combination,  bodies  natur^ly  in  the  solid  state, 
like  sulphur,  carbon,  and  iodine,  will  be  re- 
ferred to  their  gaseous  dendties,  or  the  bulks 
which  they  occupy  relative  to  their  weights, 
when  diffused  by  a  chemical  combination  among 
the  partides  of  a  permanently  elastic  fluid. 
This  view  of  the  subject,  first  introduced  by 
M.  Gay  Lussac,  and.happily  exemplified  in 
his  excellent  memoir  on  iodine,  will  sim- 
plify our  representation  of  many  compounds. 
Finally,  the  apparent  contractions  or  cmden- 
sations  of  volume,  which  gases  suffer  by  thdr 
redprocal  afluiity,  have  also  simple  ratios  widi 
the  volume  of  one  of  them ;  a  property  pe- 
culiar to  gaseous  bodies.  We  shall  distribute 
under  the  following  heads  our  general  obser- 
vations on  gases.  1.  Tabular  views  of  *the 
densities  and  combining  ratios  o(  the  gases. 
2.  A  description  of  thdr  general  habitudes 
with  solids  and  liauids.  S.  An  account  of 
the  prindpal  modes  of  analyzing  gaseous 
mixtures.  4.  Of  gasometry,  or  the  measure- 
ment of  the  dendty  and  volume  of  gases. 

L  We  are  indebted  to  Dr.  Prout  for  an 
able  memoir  on  the  relation  between  the  spe- 
dfic  gravities  of  bodies  in  thdr  gaseous  state, 
and  me  weights  of  thdr  atoms,  or  prime  equi- 
valents, inserted  in  the  dxth  volume  of  the 
Annals  of  Philosophy.  His  observations  are 
founded  on  M.  Gay  Lussac^s  doctrine  of  vo- 
lumes. Dr.  Prout  considers  atmospheric  air 
as  a  chemical  compound,  constituted  by  bulk 
of  four  volumes  of  azote  and  one  of  oxygen  ; 
and  reckoning  the  atom  ot  oxygen  as  10,  and 
that  of  azote  as  17*5,  it'will  be  found  to  con- 
sist of  one  atom  of  oxygen,  and  two  atonui  of 
azote,  or  per  cent,  of  oxygen  22-22 
Azote  77-77 
Though  almost  all  experiments  have  hitherto 
led  us  to  regard  the  atmosphere  as  containing 
21  volumes  in  the  100  of  oxygen,  we  must, 
ii2 
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fai  tbU  flew,  Mcrlbe  the  ezceM  of  one  per  eent. 
to  an  error  of  dbeervation.  Now,  it  is  not 
imnossible,  thtt  In  the  ezploaive  eodlometer 
wiftb  hydrogen  over  mercury,  or  in  the  nitxoiis 
gM  cadioineter  oter  water,  one  per  cent,  of 
aaote  miqrbe  pretty  unSformly  oondensecL 

Calling  the  prime  eqniTilent  of  oxygen 
1*000,  and  that  of  azote  1*75,  as  deduced 
both  firom  nitric  add  and  ammonia,  we  may 
easily  gslCTtlm*  the  spedfic  gravities  of  these 
two  gaseous  dements  of  the  atmospheric  oom- 
noni^  itself  being  represented  in  sp.  gr.  by 
l-OO,  and  in  the  relative  weights  of  its  con- 
RtHoents,  by  l-OO  +  1-76  X  2;  or  22.28  + 
77-77.  ,      , 

The  andent  problem  of  Archimedes,  for 
determining  the  fraud  of  the  goldsmith  in 
making  king  Hiero's  crown,  whkh  is  so  im- 
portsnt  in  (»emlstzy  for  computing  the  mean 
density  of  a  compound,  die  speci£  gravitiea 
of  whose  two  constituents  are  given ;  and  for 
dience  enablinff  ns,  by  comparing  that  result 
with  the  density  found  by  experiment,  to 
discover  the  change  of  volume  due  to  the  che- 
mical action,  is  en  peculiar  value  in  pneumatic 
investigations.  It  will  enable  us  to  solve, 
without  difficulty,  the  two  followingproblems  :- 
Ist,  Having  given  the  specific  gravity  of  a 
mixed  gas,  and  the  spedfic  gravities  of  its  two 
constituent  gases,  to  detennine  the  volume, 
and  consequendy  the  quantity,  of  eadi  pr&. 
tent  in  the  mixture. 

2d,  Having  given  the  specific  gravity  of 
a  mixed  gas,  and  the  proportions  by  wei^t 
and  volume  of  its  constituenu*  to  determine 
the  spedfic  gravities  of  each  of  its  constituents. 
In  both,  cases,  no  chemical  condensation  or 
expansion  is  supposed,  and  only  two  gases 
are  concerned. 

Ist,  Let  <2  be  the  sp.  gr.  of  the  denser  gas; 

/  of  the  lighter  gas  < 

m  mixed  ffas; 

X  the  volume  of  the  ctenser  gas ; 

y  of  the  lighter  gas; 

V  total  volume  of  the  compound. 
w(m  — 0  J     — 


Then  ^!5^~^=«,  the  spwgr.  of  the  con. 

pound  whose  weight  =  1. 

But  the  volunoe  of  one  body  multiplied  into 
its  spedfic  gravity,  is  to  the  vofaune  of  ad. 
other,  multiplied  into  its  spediic  gravity,  as 
the  wdght  of  the  first  is  to  diat  of  the  sl- 
cond,or 

mxinjf  tiatk 

And 


m  4-«— i»y  =^,if#  =  l. 


Whence  s^ 


_(«»-f«)fr 
afi-i-6a* 


Then  x  =- 


from  one  or  other  of  which  formuUe,  the  vo* 
hmie  of  one  or  other  constituent  may  be 
found;  and  by  multiplyins  the  volume  by 
the  specific  mvity,  its  wei^^t  is  given.  The 
same  fomnua  is  stated  in  words  under  the 
article  Coo/ Goj. 

2d,  When  the  specific  gravities  of  the  com- 
ponents are  sought;  thespedficgravi^of  the 
compound,  as  wdl  as  the  volume  and  weight 
of  each  component  behig  given,  we  have  the 
following  formula :.» 

Let  :r  be  the  up.  gr.  of  that  whose  wdght  is 
a  and  volume  m. 
y  bethe  m.  or.  of  that  whose  weight  is 
6  ana  volume  fk 


ffl 

Dr.  Pranthas  very  bgenioaaly  sDpHed  thb 
formula  to  the  determination  of  me  bpodlic 
gnvitiea  of  oxygen  and  a»te,  whidi  are. 

Oxygen,  1.1111 

Axote,  0.9722 

His  faivestigalioa  of  the  spedfic  gnvities  of 
hydrogen  fimn  that  of  ammonia  is  ooodiiclBd 
on  prindpUs  still  less  disputable.  The  mcsn 
of  me  experimental  results  obtained  by  MM. 
Biot  and  Aiago  and  Sir  H.  Davy  on  am- 
moniacal  gas  is  0*fi002.  Now  it  has  bea 
demonstrated,  that  two  vdnmea  of  it  are  le. 
solvable  into  4  vcftumes  of  coostitnat  (paes,  of 
idiidi  3  volumes  axe  hydrogen  and  1  aaote. 
Hence,  if  from  double  the  specific  gravity  of 
ammonia,  we  subtract  the  spedfic  gravity  of 
aaote,  the  remainder  divided  by  S  will  be 
the  specific  gravity  of  hydrogen.  Or,  putting 
the  same  tUng  into  an  algefanie  form,  on 
the  prindple  ttiat  die  sum  of  the  wc%hts, 
divided  fay  the  sum  of  the  vohnnes,  gives 
the  spedfic  gravity  of  the  mixture,  let  x 
be  the  spedfic  gravity  of  hydngoi,  then  ex- 

ar4-0-9722 
peiimentshows, Aat-  ^^  =0-5»02 ; 

,^              2X0  5908-0'9722 
"WheocRx^ J =0-0®-l- 

The  density  of  hydrogen  tbeRfoee  is  to  that 
of  aiote,  atmosphericBl  ^ab,  and  oxygen,  as 
1  to  H  1  to  14*4,  and  1  to  Ifi,  lespec- 
tivdy. 

And  with  vegsrd  to  nmiiatk  add  gas.  it  is 
well  known  toxoolt  from  the  uniott  of  ddorine 
and  hydrogen  in  eqoal  volumes,  without  any 
oondensation ;  therefore  if  we  call  the  ap.  gr. 
of  the  compound  gas  1.286,  and  ftom  the 
double  of  that  number  deduct  Ae  sp.  gr.  of 
hydrogen,  we  shall  have  the  sp.  gr.  of  chlorine 

-f  =  1-266  X  2  -  0-0694  =  2-5006,  whidi 
may  be  converted  into  the  even  number  2*5 
without  any  diance  of  error.    8ee  SecL  IV. 

In  the  common  tables  of  equivalent  ratioi^ 
adapted  to  the  hypothesis  that  water  is  a  com- 
pound of  one  atom  of  oxygen  and  one  of  hy- 
drogen,  or  of  half  a  volume  of  the  former  and 
one  vtdume  of  the  latter,  we  must  compote  the 
ratios  of  gasedus  combination,  among  tMcKnt 
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ii^MliM^bJriiiultipl^iDg  the  weight  oC  their  atom  of  hydrogen  woe  reckoned  unity,  then  the 
or  their  priineequivalent8byhalftheep.gr.  of  doctrine  of  vbhimea  and  prime  equivalent! 
•oxygen  =  0*5d6&    If  the  Ydfaimeandsp.  gCi    would  ooindde. 

Generai  Table  of  Gateous  Boikt^  by  Db.  Urs. 
Banometer  M*^— Thenoometer  OQo  F^ 


Names. 


Hydrogen^  0< 

CacboQ,  0< 

ISteam  of  water,  0« 

ISubcarb.  hydrogen,  0* 

Ammonia,  .  Q. 

CarbODoua  oxide,  o< 

Carboretted  hydrogen,  0< 

Azote,  0< 

Pmsaic  add^  0« 

Atmospheric  air,  ]. 

Deutoxide  of  aiote,  1 . 

Oxygen,  1- 

Sulphur,  \t 

Sulphuretted  hydrogen,  i* 

Protophoeph4*  hydrogen,  i ' 

Muriatic  add,  '  i. 

Carbonic  add,  !« 

Protoxide  of  aioCe,  i* 

Alcohol  vapour,  |. 

Perphoe^id«  hydrogen,  i. 

Cyanogen,  1. 

ChloroprufliLc  add,  2« 

Muriatic  ether,  2« 

Sulphurous  add,  2* 

|Phoaphon]%  8< 

Deutoxide  of  chlorine^  2« 

Flnoboric  add,  2< 

Protoxido  of  dilofine,  2« 

Chlorine,  2' 

Snlphniic  ether  vapour,  2' 

Nitroua  add,  2< 

Sulphuietofcnboo,  2« 

Sulphuric  add, .  2« 

Chloiocarbonoiia  add,  3< 

Sal  anunooiac,  3< 

Nitric  add,  3' 

Uydriodic  add,  4« 

OU  of  toipentine,  5< 

Chloric  add,  6- 

Fluoborate  dT  aaimfmiai  5< 

Subfluoh.  Mtimnn^i^  ^« 

"I^toBubfluob.  ammonlBt  8« 

Fluoeilicate  of  ammftnui^ 


1.00. 


0694 

•4166 

481 

6665 

6002 

9722 

9722 

9722 

9874 

0000 

0416 

nil 
1111 

1805 

216 

2840 

6277 

6277 

6133 

771 

8066 

1627 

2662 

222 

•222 

361 

371 

44 

600 

686 

638 

638 

777 

•472 

746 

76 

340 

013 

277 

922 

10 


WeifTht 
ofJMI 
cubic 


Wei^Ait 

of  pnme 

c^niv. 

oxygen 


2-118 
U-708 
14-680 
17-000 
18*000 
29-66 
29-66 
29-65 
28-69 
30-619 
31-77 
33-888 
33-888 
36*006 
37-027 
39-183 
46-696 
46-696 
49-20 
63-710 
66-07 
65-69 
67-68 
67-77 
67-77 
72«0 
72.312 
74-42 
76-26 
78.87 
80.48 
80'66 
84-72 
106'9 
114-3 
114-37 
132-37 
162-9 
160-97 
180' 
216-7 
252' 


0-126 
0-760 
M36 
1-000 
2-126 
1-760 
0-876 
1-760 
3-376 
4-500 
3-760 
1-000 
2-000 
2.125 
4-376 
4-626 
2-760 
2-760 
2-876 
4-260 
3-26 
7-76 
6-6 
4-000 
4-000 
9-60 
8-600 
6-60 
4-60 
2.876 
4.76 
4-760 
6-000 
6-26 
6-76 
6-76 
16-626 

9-6 
10-626 
12-760 
14-875 


2  hyd.  + 1  oxyg. 

2  hyd.  +  1  carb. 

3  hyd.  -f  I  azote 
2  carb.  -f- 1  oxyi 
1  carb.  +  1  h; 


CODltItU«Dtl 

Tolumc. 


'^: 


1  cyan.  +  1  hyd. 
1  oxy.  -f  4  aiote 
1  oxy.  +  1 


1  hvd.+l  ttilph. 
)  phot.  +  3  hyd. 
1  hyd.  +  1  dilo. 
1  carb.  4- 1  oxyg. 
1  oxy.  4-  2  aiote 

1  d.  gas  +  1  wa. 
Iiph08.+3hyd. 

2  carb.  -f  1  aaote 
1  cya.  4-  1  chlob 
1  nrar.-fl  oL  gaa 

1  oxy.-f  1  nilph. 

2  oxy.  4- 1  chlo. 
2  oxy.  -f  4  chlo. 

2  olef.  +  1  wat 

3  oxy.  +  2  aiote 
2  aab.  +4  solph. 
3oxy.428ulph. 

1  chL-|-l  car.  ox. 

2  amm.  -^2  mur. 
6  oxyg.  -f-  2  atote 

1  hyd.  -f  1  iodine 

6  oxyg.  4*2  chlo. 

2  am.  +2  fluob. 

4  am.  +  2  fluob. 
6  am.  4-2  fluob. 


ConstStuent 

prime 
oquiv^ents. 


1  hyd.  -f  1  oxyg. 

2  hyd.  +  1  carb. 

3  hyd.  +  1  aiote 
1  carb.  4-  1-oxyg. 
1  carb.  4-  1  hyd. 

1  cyan.  +  1  hyd. 

1  oxyg*  +  2  aiote 

2  oxyg.  4- 1  azote 

lhTd.  +  ]  eolph. 
1  pW  -|-  3  hyd. 
1  hyd.  +  1  chior. 
1  carb.  4-  2  oxyg. 
1  oxyg.  4- 1  aaote 
2d.  gaa.  4-1  water 

1  phob  +  2  hyd. 

2  carbu  +  1  azote 
1  cyan.  +  1  dilor. 

|lm.ac.+l^d.gaa 
2oxyg.4-lsulph. 

lchlor.+4  oxyg. 

1  oxyg.-{-l  chlor. 

4  okC  +  1  water 

3  <ncys-  + 1  azote 
sufph.  4- 1  oari). 

3  oxyg.-hl  ndph. 
1  chlo.-^lcar.  ox. 
lam.-^lmu.add 
6  oxyg.  -f  1  aiote 
1  hyd.  +  1  iodine 


2  |5oxyg.+l  chlor. 
I  !lam.  +  lfluobor. 
1  2  am.  4- 1  fluobor. 
1    3  am.  4-1  fluobor. 


In  the  preceding  taUe  I  have  endeavoured  matter  with  solids  and  liquids.    Mr.  I>alton 

to  aaieniUe  the  prindpal  featuiea  of  saseous  has  written  largely  on  these  relations ;  but  his 

combinatian.    For  the  properties    of   these  results  are  so  modified  by  speculation,  that  it 

^ittWent  gases,  see  the  separate  artides  in  die  is  difficult  to  distinguish  fact  from  hypothesis. 

iiicuooary.  Dr.  Henry,   however,  made  some  good  rc- 

1I«   Of  the  general  habitudes  of  gaseous  searchci  on  the  subject  of  this  dlrision,  but 
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thej  h&Te  since  been  to  much  extended  and 
improved  by  M.  dc  Sausnue,  that  I  shall  take 
his  elaborate  mearches  for  my  guide;  His 
Mem(rir  on  the  absorption  of  the  gases  by 
difierent  bodies,  was  orisinally  read  to  the 
Genera  Society  on  the  IcSi  April,  1812,  and 
appeared  in  Gilbert^s  Annalen  dcr  Physik  for 
July  1814^  from  which  it  was  translated  into 
the  6th  volume  of  the  Annals  of  Philosophy. 


1.  Of  the  absorption  of  unmixed  gaMS  by 
solid  bodies. 

Of  an  solid  bodies  charooallBtlieiiioit  le^ 
markable  in  its  action  oo  the  gases.  In  M.  de 
Saussure*s  experiments,  the  red-hot  cliaicoal 
was  plunged  imder  mercury,  and  intvoduoed, 
after  it  became  cool,  into  the  gas  to  be  sb- 
sorbed,  without  tver  coming  into  oootact  with 
stmosphoical  air. 


TABLE  of  the  Fblumes  of  Gasei  absorbed  by  one  Volume  of 


Ga8£8. 

Charood. 

Meer- 

whaam. 

Adherive 
date. 

Ltolfami 

SazoB 
hydroph. 

Qujats. 

Ammonia, 

90 

15 

113 

12-75 

64 

10 

Muriatic  acid,      • 

86 

-. 

-.. 

-» 

17 

— 

Sulphurous  acid,  • 

65 

•M 

^. 

.. 

787 

... 

Sulphuretted  hydrogen, 

55 

11-7 

— 

— 

— 

— 

Nitnms  oxide, 

40 

375 

— 

_ 

— 

— 

Carbonic  add,      > 

35 

5.26 

2 

1-7 

10 

0-6 

Olefiant  gas. 

35 

3.70 

15 

1-7 

0-8 

06 

Carbonic  oxide,    • 

9-42 

117 

055 

058 

— 

-* 

Oxygen,      • 

0-25 

1-49 

0.7 

0.47 

06 

0.45 

Asote, 

7-5 

16 

07 

047 

06 

045 

Oxycarburetted  hydrogen 
from  moist  chucodi. 

}       50 

085 

0^5 

0^1 

— 

— 

JSydrogen, 

.         176 

0-44 

0-48 

0.31 

0.4 

0.37 

The  absorption  was  not  increased  by  al- 
lowing the  charcoal  to  remain  in  contact  with 
the  gases  after  24  hours ;  wilh  the  exception 
of  oxygen,  which  goes  on  condensing  for 
years,  in-  consequence  of  the  slow  formation 
and  absorption  of  carbonic  acid.  If  the  char- 
coal  be  moistened,  the  absorption  of  all  those 
gases  that  have  not  a  very  strong  affinity  for 
water,  is  distinctly  diminished.  Thus  box- 
wood charcoal,  cooled  under  mercury,  and 
drendied  in  water  while  under  the  mercury, 
is  capable  of  absorbing  only  15  volumes  of 
carbonic  add  gas;  althongh,  before  being 
moistened,  it  could  absorb  35  volumes  of  the 
same  gas.  Dry  charcoal,  saturated  with  any 
gas,  gives  out,  on  imroenion  in  water,  aquan. 
tity  corresponding  to  tlie  diminution  of  its  ab- 
sorbing power.  %  During  the  absorption  of  gas 
by  charcoal,  an  eh  vation  of  temperature  tales 
place,  proportional  to  the  rapidity  and  amount 
of  tlie  absorption.  The  vacuum  of  the  air- 
pump  seems  to  possess  the  same  influence  as 
heat,  in  rendering  charcoal  capable  of  absorb- 
ing gaseous  matter.  A  trantferrer  with  a 
small  jai  containing  a  piece  of  charcoal  was 
exhausted,  and  being  then  plunged  into  a 
pneumatic  trough,  was  filled  with  mercury. 
The  charcoal  was  next  introduced  into  li  gas, 
BDd  absorbed  as  much  of  it  as  after  having 
been  igijlted.  As  the  rapid  absorption  of  car- 
bonic aciil  gas  by  charcoal  can  raise  the  ther- 
mometer 250,  so  its  extraction  by  the  air-pump 
Biiiks  it  7.5<'. 


Though  charcoal  poasesses  the  higfaflst  ab- 
sorbent  power,  yet  it  is  oommon  to  sJi  bodies 
which  possess  »  certain  degree  of  povoaity, 
after  they  have  been  expoaed  to  the  actian  of 
an  air-pump.  Meersdumm,  like  chanoal, 
absorbs  a  greater  bulk  of  rare  tkao  deoM  gas. 
Dried  woods,  linen  thnads,  and  ailks,  also 
absorb  the  gases.  Of  ammonia,  faaaei  ab- 
sorbs  100  volumes,  molbeny  88,  linen  duead 
68,  silk  78 )  of  carbonic  acid,  in  the  above 
order,  11,  0.46,0*62,  M ;  of  Ana  gaa,  fir  ab. 
sorbed  1-1,  and  wool  1«7* 

The  rate  of  absorption  of  difeent  gases 
appears  to  be  the  same,  in  all  bodiea  of  similar 
chemical  properties.  All  the  varieties  of  as- 
bestns  condense  more  carbonic  add  gas  than 
oxygen  gas;  but  woods oondcnae  bmk  hy- 
drogen than  azote.  Yet  the  oondensations 
tliemselves  in  difibrent  kinds  of  asbestus,  or 
wood,  or  charcoal,  are  very  ha  from  befaig 
equaL  Lignifoim  asbestuf  absorbs  a  greater 
volume  of  carbonic  add  gas  than  rock  cork ; 
so  does  hydrophane  than  the  swimmiag  quarts 
of  St.  Ouen,  and  the  i;^art£  of  Vawert;  and 
the  absorption  of  gases  by  boxwood  cfaarooal 
is  much  greater  than  by  fir  charoeal.  These 
differences  are  not  in  the  least  altend,  if, 
instead  of  equal  volumes,  equal  wei^ts  of 
charcoal  be  employed.  It  is  curious  that  a 
piece  of  solid  charcoal  absorbs  7^  volumes, 
and  the  same  reduced  into  fine  povraer  absorbs 
only  3  volumes.  The  absorhing  power  of 
piost  kinds  of  charcoal  incrcsses  as  thp  s|iGcifiQ 
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gcavity  ipqcaaca ;  and  it  is  obvioos*  that  the 
pores  must  become  smaUer  and  narrower  with 
tho  increase  of  density.  Cliarooal  from  cork, 
of  a  sperific  gravity  not  exceeding  0*1,  ab- 
sorbed no  sensible  quantity  of  atmospheric 
air.  ChAiooal  from  nr,  sp.  gr.  0>4,  absorbed 
4^  times  its  volume  of  atmospherical  air ; 
that  firom  boxwood,  sp.  gr.  0*6,  absorbed  7^ 
of  air ;  and  pit-coal  of  vegetable  origin  from 
Rusaiberg,  sp.  gr.  1*326,  absorbed  lOj^  times 
its  Tolome  of  air.  But,  as  the  density  aug. 
ments,  we  anive  at  a  limit,  when  the  pores 
become  too  small  to  allow  gases  to  enter. 
Thus,  the  bkUpk-Jead  of  Cumberland,  oon- 
taining  0-96  of  carbon,  sp.  gr.  2-17»  ^oduces 
no  altentioo  on  atmospherical  air.  But  this 
corxettMndence  betweoi  the  power  of  absorbing 
and  the  specific  gravity,  is  only  acddentaL 
AocuxBte  experiments  diow  remarkable '  de- 
viations from  this  rule.  The  different  Idnds 
of  charcoal,  whether  of  similar  or  dissimilar 
sp.  gravities,  always  differ  from  each  other  in 
theii  organization.  They  cannot  be  considered 
lis  resembling  a  sponge,  whose  poies  and  den. 
city  maT  be  modified  by  pressure. 

On  toe  whole  it  appears,  that  the  property 
of  condensing  gases^  possessed  by  some  solids, 
is,  within  certtdn  limits,  in  the  inverse  ratio 
9f  the  Internal  diameter  of  the  pores  of  the 
absorbing  bodies.  But  besides  the  porosity, 
there  are  other  two  drcumstanoes  which  must 
be  attended  to  in  these  absorptions ;  1.  The 
different  affinities  which  exist  between  the 
gases  and  Uie  solid  bodies;  and,  2.  The 
power  of  expansion  of  the  gases,  or  the  op- 
position they  make  to  their  condensation,  at 
different  degrees  of  heat  and  atmospherical 
pcessuieii 

The  experSnaents  hilherto  described  relate 
to  the  absorptioo  of  a  single  gas,  not  mixed 
with  any  other.  But,  when  a  piece  of  char- 
.  coal  satliraled  with  either  oxygen,  hydrogen, 
azote,  or  carbonic  acid,  is  pat  into  anodiier 
gas,  it  idlows  a  portion  of  the  first  to  escape, 
in  order  to  absorb  into  its  pores  a  portion  of 
the  second  gas.  The  vohime  of  gas  thus 
expeUed  from  charcoal  by  another  gas,  varies 
according  to  the  proportion  in  which  both 
gases  exist  in  the  unabsorbed  residue.  The 
quaQtity  expsQed  is  greater,  the  greater  the 


excess  of  the  expeUinff  gas.  Yet  it  is  not 
possible,  in  dose  ves»£i,  to  expel  the  whole 
of  one  gas  out  of  chaxcoal,  by  means  of  an- 
other; a  small  quantity  always  remains  in 
thechaicoal. 

Two  gases,  united  by  absorption  in  char- 
coal, often  experience  a  greater  condensation 
than  each  would  in  a  separate  state.  For 
example,  the  presence  of  oxygen  gas  in  diar- 
coal  fiicilitates  the  condensation  of  hydrogen 
gas ;  the  presence  of  carbonic  add  gas,  or  of 
asote,  facilitates  the  condensation  of  oxygen 
gas ;  and  that  of  hydrogen  the  condensation 
of  aaote.  Yet  this  effect  does  not  take  place 
in  all  cases,  with  the  four  gases  now  men- 
tioned ;  for  the  presence  of  aaote  in  charcoal 
does  not  promote  the  absorption  of  carbonic 
add  gas.  When  the  absorption  of  one  of  the 
four  named  gases  has  been  fadUteted  by  an- 
other of  them,  no  perceptible  combination  be- 
tween the  two  takes  place,  at  least  within  the 
interval  of  some  days.  So,  for  example,  not. 
withstanding  the  assertion  of  Bouppe  and  Van 
Noorden,  no  separation  of  water  appears,  when 
charcoal  saturated  with  hydrogen  at  the  com- 
mon tempemtures  is  put  into  oxygen  gas ;  or 
when  the  experiment  it  reversed.  Nor  has 
azote  and  hydrogen  been  united  in  this  way 
into  ammonia,  or  azote  and  oxygen  into  nitric 
add. 

2.  Absorption  oi gates  by  Hquidt. 

*«  That  Ji  gases  are  absorbed  by  liquids," 
says  M.  de  Sanssure, ''  and  that  most  of  them 
are  again  separated  by  heat,  or  the  diminution 
of  external  pressure,  has  been  long  known. 
We  now  possess  accurate  results  respecting 
die  rateof  this  absorpticRi.  For  a  set  of  careful 
and  regular  experiments  on  this  subject,  we 
are  indebted  to  Dr.  Henry  of  Manchester. 
Mr.  Dalton  has  a  little  altered  some  of  these 
results ;  and,  by  means  of  them,  has  contrived 
a  theory  which  not  only  explains  the  absorp- 
tion of  gases  by  water,  but  by  all  other  liquids  ; 
but  it  is  in  opposition  to  most  of  the  results 
which  1  have  obtained  by  means  of  solid 
porous  bodies.'* 

The  following  Uble  exhibits  the  volumes 
of  the  different  gases  absorbed  according  to 
the  accurate  experiments  of  Saossure,  by  100 
volumes  of— 


Alcohol     Naphtha 

OUofUv. 

Satur. 

Oases. 

Water. 

tp.  gr.       sp.  gr. 

•p.  gr. 

Olhreoil. 

loluUon 

0.TS4. 

o.ss 

mur.  pot 

Sulphurous  add 

4378 

11677 

Sulphuretted  hydrogen,    . 

253 

106 

606 
186 

169 

191 

151 

61 

Nitrous  oxide, 

70 

153 

264 

275 

150 

21 

Olefiant  gas. 

15-3 

127 

261 

209 

122 

10 

Oxygen  gas. 

6-6 

16-25 

— 

— 

— 

— 

Carbonous  oxide,    . 
Oxycarburetted  hydrogen 

62 

1460 

20 

156 

14-2 

52 

6.1 

70 

Hydrogen,     • 

46 

61 

1  Asote     .... 

41 

4-2 

1 
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Th*  alKnrt  It^aUs  ««•  fK^knOj  imA  be  abk  t9 
ftom  ak,  at  oompletdyas  pOMiUe,  by  long 
■■d  ▼iolent  boiling.  Bnt  tbow  whidli  would 
bay«  been  altoed  or  dianpated  by  the  appH. 
cation  of  inch  a  heat,  as  oila,  and  aome  adine 
idutioiia,  were  fined  ftom  air  by  meana  of  the 
air-pump.  To  produce  a  ipeedy  and  eompIeCe 
abaorptioo,  a  large  quantity  of  thoie  gaaea 
wfaidi  are  abaorbed  only  in  email  quantity  by 
Uquida,  as  aaole,  oxygen,  and  hydrogen,  wa» 
put,  with  a  small  ouanti^  of  the  liquid,  into 
aflaak,  which  waa  nmiahed  with  an  esculent 
groond  stopper.  The  flask  was  agitated  fora 
quarter  of  an  hoar.  This  mediod  is  diflfcuU, 
and  requires  much  attention.  With  respect 
io  an  the  gases  of  wMch  the  liquid  abeorba 
more  than  l-7th  of  its  bulk,  M.  de  Saussore 
proceeded  hi  the  following  manner: — He 
phu^  them  over  mercuiy,  in  a  tube  folly  If 
mches  internal  diameter,  and  let  up  a  cohimn 
of  the  absorUng  liquid,  ftom  about  1|  to  2| 
iodies  long.  The  absorption  was  promotea 
by  agitation,  and  its  quantity  was  not  deter^ 
mined  till  the  gae  and  the  liquid  had  been  in 
contact  for  several  days. 

A  bundled  volumes  of  water  absorb  about 
five  volumes  of  atmospherical  air,  wlien  the 
mass  of  afar  is  very  great,  in  comparison  of 
diat  of  the  water. 

^*  From  these  experiments,"  says  M.  do 
Saussure,  *^  it  appears,  oontran  to  Dalton^a 
assertion,  that  the  absorption  of  gases,  by  dif- 
ferent lionids,  not  glutinoun,  as  water  and 
alcohol,  is  very  for  from  being  similar.  The 
aleohol,  aa  we  see,  often  absorbs  twice  as  much 
of  them  as  the  water  does.  In  gases  which  are 
absori)ed  m  small  quantities,  this  difierence 
is  not  so  striking,  becaate,  with  respect  to 
them,  the  absorptions  of  the  aleohol  can  be 
less  accurately  determined,  on  account  of 
the  air  which  still  remains  in  it,  after  beinir 
booed. 

"  These  experiments  agree  no  better  with 
the  law  which  Dalton  thinks  he  has  ascer- 
tained in  the  absorption  of  different  gases  by 
one  and  the  same  liquid ;  for  I  find  too  great 
a  difference  between  the  quantity  of  carbonic 
acid,  sulphuretted  hydrogen,  and  nitrous  oxide 
gases,  absorbed  by  the  same  liquids  (which 
Palton  considers   as  completely  equal),  to 


It  to 


iBlha 


3.  Of  the  inflocnoe  of  chemical  afinifey  on 
the  absorption  of  the  gases. 

If  such  an  influence  did  not  exist,  the  gaeeB 
would  be  absorbed  by  all  liquids  in  the  aanie 
order.  Table  of  the  volumes  ef  i 
florbed  by  100  volumes  of 

Nameiof         Nafih.    OiloflaT.    OHreS 
gaaot.     fp.gr Ats^  ip.gr.  04S.   oSL   svr.poL 
Okflaotgas,      201  209      122      10 

Nitrous  oxide,  254         276      150      21 
Caibonie  acid,   100  101      151      ttl 

Gaibo.  oxide,      20  1541      14-2    5.3 

<«  It  follows,'*  says  M.  de  flaoseare,  *^  ftem 
these  experiments,  that  in  liquids,  aa  wdQ  aa 
In  solid  bodiea,  great  difltaeuces  take  place  fai 
the  order  in  which  gases  are  abaoabed  hf 
them,  and  tiiat,  in  consequence,  these  abaoip. 
tions  are  always  owing  to  the  inflaence  ef  cbe- 
nucal  afllnity.  Solid  bodice  appear^  aider 
the  same  etreuflMtanoea,  to  produce  a  | 
condensation  of  all  gasss,  in 


which  Ihey  see  idaeed,  dum  Hqnid  bodies  d^ 
I  have  met  win  no  lie 


liquid  which 
great  a  tolume  of  carbonic  add,  okfiaat  gaa, 
aaoticgas,  carbonons  oxides  and  al&ooa  oriide, 
aa  charcoal  and  meenchanm  do.  Tliedif. 
ferenee  is  piobaUy  owing  to  this  diciimalsBoe^ 
that  liquids,  in  oonaequenoe  ef  tbo  great  nw- 
biUty  of  their  parts,  cannot  compsees  diegMea 
so  strongly  as  is  neoesseiy  for  gieattr  condcD. 
sation,  certafai  cases  excepted,  when  voypow^- 
erful  chemical  affinities  eome  to  their  aasisU 
snce;  as,  for  example,  the  affinity  of  aauno. 
nia  and  muriatic  add  for  water.  OnlyiBdicie 
rare  cases  do  liquids  condeDse  a  greater  qnsii. 
tity  of  gases  than  solid  bodiea.  AoooidlD^  to 
Thomson,  water  in  the  mean  tsmpetatoie  of 
the  atmosphere  abaoibs  616  thnes  Its  bulk  of 
muriatic  add  gas,  and  780  times  ks  bulk  of 
ammoniacal  gas."  In  die  arddcs  mt^Hatie 
acid  and  emnumia  m  the  first  edidon  of  tfaki 
Dictionary,  I  have  ahown  dMsedetermlnatioiia 
of  Dr.  Thomson  to  be  emneous. 

4.  Influence  of  tlie  viscidity,  and  die  spedfie 
gravity  of  liquids  on  their  absorptioB  of  gaaea. 
Carbonic  add  gas  was  placed  in  oontaot  with 
one  volume  of  &e  difierent  liquids.  Thetem* 
perature  in  all  the  experimeBtaiWai  0&5*. 
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LzQuiBa. 

Sp.gr. 

Vohimeof 
cvr.addsM 
alMorbed: 

MapMts  oCtfaeMbitioa,  oanudn 

Alcohol, 

0-803 

26 

Salph.  ether, 
on  of  lATender, 

0-727 
0-880 

2.17 
191 

Ofl  of  thyme, 

0890 

188 

Sprit  of  wine, 

0-840 

1.87 

Rectified  naphtha, 

0-784 

1.69 

Oil  of  turpentine, 
Linseed  oS^ 

0.860 
0040 

1.66 
1.56 

OKve  oa, 

0-915 

1.51 

Water, 

1.000 

1.06 

Sal  ammoniac, 

1078 

075 

27.53  crystals,  sat  sdU 

GumaiabiC) 

1.092 

0.75 

25*      pun. 

Sugar, 

1.104 

0.72 

25.      sogar. 

Alum, 

1.047 

0.70 

9*14  cry.  aL    sat^  sol. 

Sulphate  of  potaah. 

14)77 

0.62 

9.42  c.  s.        sat.  soL 

Muriate  of  pota^ 
Sulphate  of^aoda, 

1.168 

0.61 

26.0    C.8.        sat.  sol. 

1.105 

058 

1114  dry  salt,  sat  sol. 

Nitre, 

1.139 

0.57 

20-6                  sat  soL 

Nitrate  of  Mda, 

1.206 

0.45 

2a4                  sat  sol. 

Sulphuric  add. 

1.840 

0.45 

Tartaric  acid, 

1.285 

041 

63-37  c.  add,    8at.soL 

Common  salt, 

1.212 

0329 

29.      s.  sat  BoL 

Muriate  of  lime, 

1.402 

0.261 

40-2   ignited  salt,  sat.  sot 

noagh  die  influence  of  the  yisddity  of  a 
liquid  be  small  with  regard  to  the  amount  of 
the  absorption,  yet  it  increases  the  time  ne- 
cessary fn  the  condensation  of  the  gas.  In 
gaaeral,  the  lishtest  liquids  possess  the  great- 
est power  of  absoibing  gases ;  with  die  excep- 
tion of  diose  cases  where  peculiar  affinides  in- 
terf^sre. 

5.  Inflnenee  of  die  barometrical  pressure  on 
the  absoivtion  of  gases  by  liquids. 

M.  de  Sanssure  shows,  that  in  liquids  the 
qnandties  of  gases  absorbed  are  as  die  com- 
pressions ;  wlSle  in  solid  bodies,  on  the  con- 
trary, as  the  gases  become  less  dense,  the  ab- 
sorption seems  to  increase.  Dr.  Heniy  had 
preVioosly  demonstrated,  diat  the  quantity  of 
carbonic  add  taken  up  by  water,  is  propoT' 
tional  to  the  compressing  force;  a  fiict  long 
ago  wen  known  and  applied  by  Sdiweppe, 
Paul,  and  other  manu&cturers  of  aerated  al- 
kaline  waters. 

6L  Simultaneous  sbsoiptifln  of  sevcnl  gases 
by  water. 

M.  de  Sanssure  thinks  it  probable,  diat  the 
•baorption  of  the  dl0erent  gases  at  the  same 
time  by  Uquidl,  is  anak»oos  to  what  he  ob« 
served  with  respect  to  soUd  bodies.  Heniy, 
Dalton,  Van  Humboldt,  and  Gay  Lussacu 
had  already  remarked,  diat  water  saturated 
with  one  gas,  allows  a  portion  of  that  gas  to 
escape,  as  soon  as  it  comes  in  contact  with 
anodur  gas.  ^*  It  is  indeed  evident,  accord- 
ing  to  I>alton*s  dieoiy,'*  says  M.  deSaussure, 
^*  that  two  gases  absorbed  into  a  liquid,  should 
really  occupy  always  the  same  room  ss  they 


would  oeeupy,  if  each  of  them  had  been  ab. 
soibed  smgiy,  at  the  degree  of  density  whidi 
it.has  hi  the  mixture.'*  To  obtain  results  on 
this  subject,  approaching  to  accuracy,  he  was 
ob%ed  to  make  mixtures  of  carbonic  add 
with  oxygen,  hydrogen,  and  asotic  gases ;  for 
the  last  three  gases  are  absorbed  bv  water  in 
so  small  a  pnportioii,  that  the  difllerent  con- 
densations which  take  phwe  camiot  be  cod« 
ftmnded  with  eirors  in  the  expnhnents. 

1.  Water,  and  a  mixture  of  equal  measuNS 
df  carbonic  add  and  hydrogen  gas. 

He  brou^t  100  meaaures  of  water,  at  the 
temperature  of  6^,  hi  contact  widi  434  mea- 
sures of  equal  volumes  of  carbonic  add  and 
hydrogen.  The  absorption  amounted  to  47*6 
VQhimes,  of  which  44  were  carbonic  add,  and 
3.0  hydrogen.  If  we  compare  the  space 
wfaidi  the  absorbed  gases  occupy  in  die  water, 
with  that  which  they  would  occupy,  accord- 
ing to  the  preceding  table  of  absorption  of  un. 
mixed  gases,  we  fod  tliat  the  presence  of  one 
of  the  gases  has  favoured  the  absorption  of 
the  odicr,  as  far  as  the  lebtive  space  goes, 
which  escfa  would  occupy  sepaiatdy  in  the 


2.  Water,  and  a  mixture  of  equal  parts  of 
carbonic  acid  and  oxygen  gas. 

100  volumes  of  water  at  62i*  absorbed 
hmn  390  volumes  of  this  mixture  52*1  vow 
Inmes,  of  whidi  47-1  folnmcs  were  carbonic 
add,  and  5  vohimes  oxygen  ga&  Here  also 
die  eondensatioD  is^rcaterthan  when  the  gases 
are  separate. 
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3.  Water'and  a  mixture  of  caibooic  acid 
gas  and  azote. 

100  volumes  of  water  absorbed  from  857*6 
volumes  of  this  mixture,  at  the  above  tempe* 
lature,  47-2  volumes,  of  which  43*9  vdlomes 
were  carboDifi  add,  and  3.3  azote. 

The  results  of  these  experiments,  as  we 
perceive,  asree  completely  with  each  other ; 
Dut  none  of  them  corresponds  with  Dalton's 
theory,  according  to  wluch,  the  volume  of 
carbonic  add  absorbed  should  be  just  one-half 
of  that  of  the  absorbhig  liquid;  and  likewise 
the  volumes  of  the  other  gases  absorbed  should 
be  much  smaller  than  M.  de  Saussure  found 
them  actually  to  be.  A  mixmre  of  oxygen 
and  hydrogen  gases,  in  the  proportions  for 
forming  water,  by  agitation  with  that  liquid, 
was  absorbed  in  the  proportion  of  6^  volumes 
to  100  volumes  of  the  liquid.  In  an  appendix, 
M.  de  Saussuredescribes  minutely  the judidous 
precautions  he  took  to  ensure  predsion  of  re- 
sult ;  which  leave  little  doubt  of  the  accuracy 
of  his  experiments,  and  the  jusmess  of  his 
condusions.  Thev  are  as  fatal  to  Mr.  Dial- 
ton*s  medianical  fictions  conoeminff  the  rela- 
tion of  liquids  and  gases,  as  MM.  Dulong 
and  Petxt^s  recent  researches  have  been  to  his 
geometrical  ideas  on  the  phenomena  of  heat. 

III.  Of  Oaseous  Analysis. 

This  department  of  diemistry,  whoae  great 
importance  was  first  shown  by  Cavendish, 
Priestley,  and  Bcrthollet,  has  lately  acquired 
new  value  in  consequence  of  M.  Gay  Lussac's 
doctrine  of  volumes,  his  determination  of  the 
spedfic  gravities  of  vapours,  and  sagadous 
application  of  both  prindples  to  the  develop- 
ment of  many  combinations  hitherto  intricate 
iad  inexpliad>le. 

Let  us  first  take  a  general  view  of  the  cha- 
racters of  the  different  gases.  Some  ^  them 
are  coloured,  others  diffuse  white  vapours  in 
the  air ;  some  relume  a  taper,  provided  a  point 
of  its  wick  remains  ignited ;  others  are  add, 
and  redden  tincture  of  litmus ;  one  set  have 
no  smell,  or  but  a  faint  one ;  a  second  set 
are  very  soluble  in  water ;  a  thhid  are  soluble 
in  alkaline  solutions ;  and  a  fourth  are  them- 
selves alkaline.  Some  gases  possess  sevenl 
of  these  characters  at  once. 

1 .  ITie  coloured  gate*  are  nitrous  add,  ddo- 
rine,  the  protoxide  and  deutoxide  of  chlorine. 
The  first  is  red,  the  rest  yeUowiah>greeo,  or 
yellowlah. 

2.  Gases  producing  vMtt  vapours  in  the 
air.  Muriatic  add,  ihioboric,  fluosilidc,  and 
hydriodic. 

3.  Oases  inflammdble  in  air  by  contact  of 
the  lighted  toper.  Hydrogen,  subcarburetled 
and  carburctted  hydrogen,  subphosphuretted 
and  phosphuretted  hydrogen,  sulphuretted 
bydn^en,  arseouretted  hydrogen,  teUuretted 
hydrogen,  potassuretted  hydrogen,  carbouous 
oxide,  pnissine  or  cyanogen. 

4.  Gases  which  rckindU  the  expiring  uper. 


Oxygen,  protoxide  of  axoCe,Oitfods  acid,  Mid 

the  oxides  of  ddorine. 

6.  ilruf  gases,  which  reddenhtrnvm.  Nitrous, 
sulphurous,  muriatic,  fluoboric,  hydriodic, 
fiuosilicic,  chlorocarbonous,  and  carbonic  acid; 
the  oxides  of  chlorine,  sulphuretted  hydrogen, 
teUuretted  hydn^en,  and  pnissine. 

6.  Gases  dettitute  of  smelly  or  possessing  but 
a  feeble  one.  Oxygen,  azote,  hydrogen,  sab- 
carburetted  and  carbun^ted  hydrogen,  c 
add,  protoxide  of  azote. 

7.  The  smell  of  all  the  others  is  i 
able,  and  frequently  characteristia 

8.  Gases  verv  wohiJbk  l»  wa/<:r,  Damdy,  of 
which  water  dissolves  more  than  30  times  its 
volume,  at  ordinary  pressure  and  tempeninxe. 
Fluoric  add,  muriatic,  fiuosilicic,  nitroua,  sul- 
phurous, and  ammonia. 

9.  Gases  fo/a^/is  in  oMrolifif  solutions.  Acids, 
nitrous,  sulphurous,  muriatic,  fiuoboric,  hy- 
driodic, fluosilidc,  chlorine,  carbonic,  chlo- 
rocarbonous ;  and  the  two  oxides  of  dilorine^ 
sulphuretted  hydrogen,  teUuretted  hydragen, 
and  ammonia. 

10.  Alkaline  ^UKA.  Ammonia  and  pocaa- 
suretted  hydrogen. 

Such  is  a  general  outline  of  the  diazac- 
teristics  of  the  gases.  The  great  proUem 
vhich  now  pretenU  Utelfit^  to  dttermme  Uf 
experimenU  the  nature  of  any  shigk  ga*^  or 
gateoui  mixture^  which  may  come  btfore  us. 

I. 

We  first  fill  a  Uttle  glass  tube  with  It,  and 
exDOse  it  to  the  action  of  a  lighted  taper.  If  it 
inflames,  it  is  one  of  the  1  i  ^ve  enumerated, 
and  must  be  discnnunated  by  the  IbUowing 
methods. 

1.  If  it  takes  fire  spontaneously  on  contact 
with  air,  producing  a  vei^  add  matter,  it  is 
phosphuretted  hydrogen,  Subphosphuretted 
hydrogen,  or  the  bihydrogoiet  of  phocpliarus, 
does  not  spontaneously  inmmfr 

2.  If  water  be  capable  ofdeoompodng  it, 
and  transforming  it  suddenly  into  nydrcg^ 
gas  and  alkali,  whidi  we  can  eadly  ascertain 
by  transferring  the  test  tube,  filled  with  it, 
from  the  mercurial  trou^  to  a  glass  contain- 
ing water,  it  is  potassuretted  hydrogen.  I 
found  in  mv  experiments  on  the  production  of 
potasuum,  by  passing  pure  potash  over  ignited 
iron  turnings,  of  which  some  aooount  was 
publiahed  in  1809,  that  potassuretted  hydrogm 
spontaneously  inflamed.  M.  Sementini  has 
Eoade  the  same  observation. 

3.  If  it  has  a  nauseous  odour,  b  insoluble 
in  water,  leaves  on  (he  ddes  of  the  test  tube 
in  which  we  bum  it  a  chestnut-brown  depodte, 
like  hydruret  of  arsenic,  and  if,  after  agitation 
with  the  quarter  of  its  volume  of  aqueous 
chlorine^  a  liquid  is  fbnncd,  fixNn  which  sul- 
phuretted hydrogen  predpitates  yellow  flocouli, 
it  is  arsenuretied  hydrogen  gas. 
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4.  If  it  hai  a  strong  smell  of  garlic  or 
phosphoruis  if  it  does  not  inflame  sponta^ 
neously,  if  the  product  of  its  combustion 
strongly  reddens  litmus,  and  if,  on  agitation 
with  an  excess  of  aqueous  cMoirinft,  a  liquor 
results,  which,  after  evaporation,  leaves  a  very 
sour  syrupy  redduum,  it  is  tubphosphuretted 
hydrogen. 

6.  If  it  has  no  smell,  or  but  a  faint  one,  and 
if  it  be  citable  of  condensing  one-half  its 
volume  of  oxygen  in  the  explosive  eudiometer, 
it  is  hydrogen, 

6.  If  it  has  a  faint  srneU,  be  capable  of  con- 
densing in  the  explosive  eudiometer  oneJialf 
of  its  volume  of  oxygen,  and  of  producing  a 
volume  of  carbonic  add  equal  to  its  own, 
which  is  ascertained  by  absorbing  it  with 
aqueous  potash,  it  is  carbonout  oxide, 

7-  If  U  has  a  faint  smell,  if  one  of  the 
products  of  combustion  is  csrbonic  add,  and 
if  the  quantity  of  oxygen  which  it  condenses 
by  the  explosive  eudiometer,  oonesponds  Co 
twice  or  thrice  its  volume,  then  it  is  either 
tubcarhurettcd  or  carbttretUd  hydrogen* 

8.  Ifitdifiuses  the  odour  of  rotten  eggs,  if 
it  bUckens  solutions  of  lead,  if  it  leaves  a  de. 
posite  of  sulphur,  when  we  bum  it,  in  the  test 
tube,  and  if  it  be  absorbable  by  potash,  it  is 
sulphuretted  hydrogen. 

9.  If  it  has  a  fetid  odour,  approaching  to 
that  of  sulphuretted  hydrogen,  if  it  is  absorb- 
able by  potash,  if  it  is  sokible  m  water,  if  it 
iorms  with  it  a  liquid,  which,  on  exposure  to 
sir,  lets  fall  a  brown  pulverulent  hydruret  of 
tellurium  ;  and  lastly,  if  on  agitotion  with  an 
excess  of  aqueous  chlorine,  th^  results  a  mu- 
riate of  tellurium,  yiddinc  a  white  praapitate 
with  alkalis,  and  a  Ua^  with  the  hydvo- 
sulphurets,  it  is  tetturetted  hydrogen, 

10.  Prnsiine  is  known  by  its  oflfensive  and 
very  peculiar  smell,  and  its  burning  with  a 
purple  flamf 

IL 

If  the  gas  be  non-inflammable,  but  ab- 
sorbable by  an  alkaline  solution,  it  will  be 
one  of  the  13  following :  muriatic  acid,  fluo- 
boric,  fluosilidc,  hy£iodic,  sulphurous,  ni- 
trous, cblorocarbonoua,  carbonic ;  or  chlorine, 
^e  oxides  of  chlorine,  prussine,  or  ammonia. 
The  first  four,  being  the  only  gases  which 
pioduce  white  vapours  with  atmospheric  air, 
^m  their  strong  affinity  for  water,  are  thus 
cssOy  distinguishable  from  all  others.  The 
MosUicic  gas  is  recognised  by  the  separation 
of  silics,  in  white  floooili,  by  means  of  water ; 
>nd  hydriodic  gas,  because  chlorine  renders  it 
^let,  with  the  predpitation  of  Iodine. 

Muriatic  acid  gas,  from  its  forming  with 
•olution  of  silver  a  white  nredpitate  insoluble 
jn  adds,  but  very  soluble  in  ammonia,  and 
m>m  its  yielding  with  oxide  of  manganese  a 
portion  of  chlorine.  Fluoboric  gas,  by  the 
ycry  dense  vapours  which  it  exhales,  and  by 
Its  iostanUy  blackening  paper  plunged  into 


it.  Nitrous  acid  gas  Is  dktiiiguished  by  it« 
red  colour.  Protoxide  of  chlorine,  beouiae 
it  is  of  a  lively  greenish-yellow  hue, .  because 
it  exerdses  no  action  on  mercury  at  ordinary 
temperatures,  and  because,  on  bringing  ig- 
nited iron  or  ghus  in  contact  with  it,  it  is 
decomposed  w&  explonon  into  oxygen  and 
chlorine. 

Deutoxide  of  chlorine  Is  of  a  still  brighter 
ydlowish-green  than  the  preceding,  and  has 
a  peculiar  aromatic  smelL  It  does  not  red* 
den,  but  blanches  vegetable  blues.  At  212* 
it  explodes,  evolving  oxygen  and  chlorine* 
Chlorine  is  disttnguished  by  its  fainter  yellow* 
iah-green  colouK,  byitssnmsingnochangeoii 
being  heated,  by  its  deatroring  colouis,  and 
by  its  rapid  combination  with  mercury  at  com- 
mon temperatures.  Sulphurous  acid  by  its 
smell  of  burning  sulphur.  Ammonia  by  its 
odour,  alkaline  properties,  and  the  dense  white 
vaponxs  it  forms  with  gaseous  adds.  CMorOm 
oarhonous  gas  is  converted  by  aveiy  small 
quantity  of  water  into  aqueous  muriatic  addt 
and  carbonic  add,  wbicn  rests  above.  Zinc 
or  antimony,  aided  by  heat,  resolves  it  into 
carbooous  oxide  gas,  while  a  solid  metallic 
chloride  is  formed.  With  the  oxides  of  the 
same  metals  it  fonns  chlorides,  and  carbonic 
add,  while  in  eachcssethequantity  of  gaseous 
oxide  of  carbon,  and  osrbonic  add  disengaged, 
is  equsJl  to  the  volume  of  dilorocarbonous  gsa 
operated  on.  Carbonic  acid  gas  is  coknirlMS, 
and  virid  of  smell,  while  all  the  other  gases 
absorbable  by  the  alkalis  have  a  strong  odour. 
It  hardly  reddens  even  very  dilute  tincture  of 
litmus;  it  gives  a  white  doud  with  lime 
water,  from  which  a  predpitate  falls,  solublB 
with  eflfervescenoe  in  vinegar. 

IIL 

If,  finally,  the  gas  be  ndther  inflammahle, 
nor  capable  of  being  absorbed  by  a  solution  of  . 
potash,  it  will  be  oxygen,  aiote,  protoxide  of 
asote,  or  deutoxide  of  asote.  ■  Oxygen  can  be 
mistaken  only  for  the  protoxide  of  asote.  The 
property  it  possesses  of  rekindling  the  expir- 
mg  wkft  of  a  taper,  disthiguishes  it  from  the 
two  other  gases.  They  are  moreover  charac 
tetiaed,  1st,  Becaose  oxygen  is  void  oftsste, 
and  capable  of  condensing  in  the  explosive 
eudiometer  twice  its  volume  of  hydrogen  gas ; 
the  protoxide  qf  azote,  because  it  has  a  sweet 
taster  is  soluble  in  a  tittle  less  than  half  ita 
volome  of  cold  water,  and  because  when 
detonated  with  its  own  volume  of  hydrogen, 
we  obtain  a  residuum,  containing  much  asotew 
The  two  other  gases  are  distinguished  thus: 
Deutoxide  of  azote  is  colourless,  and  when 
placed  in  contact  with  atmospherical  air  or 
oxygen,  it  becomes  red,  passmg  to  the  state  of 
nitrous  add  vapour.  Azote  is  void  of  ooloar, 
smell,  and  tsste,  extinguishes  combustibles, 
experiences  no  change  on  contact  with  air, 
and  produces  no  cloud  with  lime  water. 


oommoD  problem  in  gMeoas  analysis,  fin 
which  no  direct  problem  has  I  bdicTe^been 
yet  olfoed.  Allusion  has  been  made  to  it  in 
treating  of  coal  gas,  and  the  plan  pointed  out 
in  a  popular  way. 

Anah/Hcal  probkm.^-'ln  a  mixture  consti- 
tuted like  punfied  coal  gas,  of  three  inflam- 
taoable  gases,  such  as  ole&nt  gas,  carburetted 
hydrogen,  and  carbonous  oxide,  inseparable 
by  ormnary  diemical  means,  to  determine  di- 
rectly the  quantity  of  each. 

1 .  By  the  rule  given  at  the  commencement 
of  tile  present  artide  Gas^  find  from  the  speci- 
fic gravity  of  tiie  mixed  eases  the  raoportion  of 
the  light  carburetted  hydrogen.  Theremain- 
deris  the  bulk  of  the  other  two  gases.  Deto- 
nate 100  measures  of  the  mixed  gas  with  ex- 
cess of  oxygen  in  an  explosive  eudiometer. 
Observe  the  change  of  volume,  and  ascertain 
the  expenditure  of  oxygen.  Of  the  oxygen 
consumed,  allow  two  volumes  for  every  vo- 
lume of  light  carburetted  hydrogen,  sp.-  gr. 
0.555,  previously  found,  by  the  hydrostatic 
rule,  to  be  present.  The  remaining  volumes  of 
oxygen  have  gone  to  the  combustion  of  heavy 
carburetted  hydrogen,  or  defiant  gas  and  car- 
bonous oxide.    Then, 

Let  m  =  measure  of  oxygen  equivalent  to 
1  of  first  gas, 
ft  =  do.  do.  to  1  of  second  gas, 
J)  =  measures  of  oxygen  actually  oon- 
sui.ied, 
100  or  «  =  volume  of  mixture  of  these  two 
gases, 
X  =  volume  of  first  gas, 
s  —  .r  =:  volume  of  second  gas, 


Examples. 

Ut,  100  measures  of  purified  cosl  gas  were 
found,  by  the  hydrostatic  problem,  to  contain 
76  of  subcarburetted  hydrc^en ;  and  exploded 
in  the  eudiometer  they  wero  found  to  consume 
187  cubic  inches  of  oxygen.  By  condensing 
witii  potash  the  carbonic  add  foimed,  we  learn 
the  volume  of  residuary  oxygen.  But  tiie 
solution  of  the  problem  is  otherwise  indepen- 
dent of  the  quantity  of  carbonic  add  gene- 
rated in  the  present  experiment  We  see  from 
the  table  of  tiie  gases,  that  1  volume  of  olefiant 
gas  is  equivalent  to  3  of  oxygen ;  and  1  volume 
carbonous  oxide  to  one-half  volume  oxygen. 
Therefore,  deducting  for  the  76  of  subcarbon- 
ate,  152  measures  of  oxygen,  tiie  remaining 
35  have  gone  to  the  24  measures  of  the  two 
denser  gases.    Hence 
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gen:  What  is  the  proportion  of  okfiast  gaa ? 
.«0lelUnt  =  236(i5±^i51)=74^. 

oonsequentiy  25*6  are  carbonous  oxide. 

This  problem  is  applicable  to  every  mixture 
of  two  inflammable  gases.  The  hydrostatic 
problem  I  have  been  accustomed  for  years  to 
apply  to  mixtures  of  two  gases,  whose  spcdfic 
gravities  are  considerably  different,  as  cartMMiic 
add  and  atmospheric  ah*,  and  witii  a  ddicste 
balance,  and  globe  containing  100  cubic  indies, 
it  givesa  go^  accordance  with  chemical  expo- 
liment 

I  employed  this  method  for  verificslioo.  In 
examining  the  air  extracted  from  the  lui^  of 
tile  criminal*s  dead  body,  galvanized  at  Glaa- 
gowm  Nov.  1818. 

Generally,  if  we  wish  to  get  an  approxiniate 
knowledge  of  tiie  proportion  of  two  gases  in  a 
mixture,  we  may  adopt  the  following  plan. 
Poise  the  exhausted  g^j6be  or  flask  at  one  ami 
of  a  ddicate  balance.  Thai  connect  its  stop- 
cock  with  the  gasometer,  bladder,  or  )ar,  con- 
taining the  gaseous  mixture.  Intnidnoe  sn 
unmeasured  quantity,  great  or  small,  relative 
to  the  capadty  of  the  globe;  for  it  is  not  ne- 
cessary ^t  the  deoaty  of  the  air  in  the  g^obe 
shouldbe  equal  to  that  of  the  atmosphere.  In 
fact,  it  may  happen,  that  tiie  whole  quantity 
of  the  gaseous  mixture  may  not  be  equal  to 
more  tiian  one-third,  one-half,  or  tfaree-rourtiis 
of  tiie  capadty  of  theglobe.  For  Instance,  in 
the  case  of  the  criminid,  I  took  a  ^obe,  capa- 
ble of  recdving  greatiy  mere  than  the  aerial 
contents  of  hisiungs.  An  unknown  qoandty 
of  the  mixed  eases  being  now  in  the  g&be,  we 
suspend  it  at  tiie  balance,  and  note  the  increase 
of  wdght.  We  tiien  open  thestop^eodc,  and 
allow  the  atmosphere  to  enter,  tiU  an  e^uili. 
brium  of  pressure  ensues.  The  additKnal 
weight  occasioned  by  the  atmospheric  air 
must  be  converted  into  bulk,  at  tiie  rate  of 
30.519  gr.  for  100  cubic  inches.  Dednctnig 
this  bulk  from  the  known  capacity  of  our  ^obe 
or  flask,  leaves  a  remainder,  which  is  tiie  vo- 
lume of  the  gaseous  mixture  first  introduced : 
knowing  its  weight  and  volume,  we  infer  its 
specific  sravity ;  and  from  its  specific  gravity, 
by  the  hydrostatic  problem,  we  deduce  the 
proportion  of  each  gas  in  tile,  mixtueu 

IV. 

Of  tile  method  of  determining  the  spe* 
dfic  gravity  of  gases,  and  of  the  roodificatiai 
of  their  volume  from  variation  of  pvessure  sad 
temperature. — The  spedfic  gravity  of  a  gas  ii 
the  wdght  of  a  certain  volume  of  U,  compared 
to  the  same  vdume  of  air  or  water.  Air  is  now 
asiUftJv'^l  as  ihc  KtwiiloJ^t  fttr  i^^JiLi^  as  wW^  ^ 
fm  liquids  ^  and  th?  sonte  hydnntatic  mrtiiod 


prooeea  uiiui  x»-vr  epoue ine  gione  w  luc  ena 
of  a  balance,  with  its  itop-cock  open  :  we  next 
exhaust  it,  and  weigh  it  in  that  state.    The 
difoence  of  the  two  weighings  is  the  apparent 
weight  of  tfie  Tohiine  of  atmospheric  air  with- 
drawn from  it    We  Terify  thatfirst  estimate, 
by  opening  the  stop-eock,  and  noting  the  in. 
creaae  of  wci^  occasioned  by  theingiess  of  the 
afar.      Having  again  ezhaosted,  exmcdy  to  the 
same  degree^  by  tne  mercurial  gauge,  as  befoie, 
we  paii&      l%is  gives  tt%  ftw  the  third  time, 
the  weight  of  air  contained  by  the  globe.  The 
mean  of  the  tbiee  trials  is  to  be  taken.    We 
now  attadi  it,  fay  the  screw  of  the  stop-oock,  to 
a  gassmeier  or  jar,  oontaining  gaa  desiccated  by 
muriate  of  lime  over  mercury,  and  opening  the 
eommonicatioD,  allow  the  air  to  enter  till  an 
equilibrium  ofpressoie  with  the  atmosphere 
is  fsrsMfahpd.    In  this  stage  of  the  operation, 
we  must  avoid  grasping  the  globe  with  our 
hands,  and  we  must  see  that  the  menniry  in  the 
faiiideaod  outside  of  the  jar  stands  truly  on  a 
kveL    On  re-ftuspending  the  globe  at  the  ba- 
lance, we  find  the  weight  of  the  included  gas, 
which  being  divided  by  the  weight  of  the  air 
fimneily  detennined,  gives  a  quotient,  which 
is  the  specific  gravity  of  the  gas  in  question. 
When  the  ntmcat  precision  is  required,  we 
dumld  again  exhaust  the  globe,  agam  poise  it, 
and  fiUisjg  it  with  the  gas,  again  ascertain  its 
•p'  gravity  under  the  bulk  of  the  globe.   Even 
t  t&d  repetition  is  sometioieB  necessary  to  se- 
one  final  accuracy.  We  should  always  tennL 
asle  die  operatSooB  by  a  new  weighing  of  the 
atmospheric  air,  lest  its  temperature  or  pressure 
Bsy  have  dumged  during  the  course  of  the  ex. 
^ncBU.    It  is  obvious,  that  this  method 
difibs  hi  no  respect  finm  tiiat  pcactiied  long 
an  by  die  Hao.  Robert  Boyle,  and  by  8h 
Chades  Bbgden,  (8ee  Accohol),  with  11. 
qoids,  and  la  that  vhidi,  I  suppose,  every 
piblic  teacher  of  physics,  like  myself;  ezpbdns 
nd  cihibits  anniMlly  to  his  pupils.  With  re- 
gsedtoliqnida,  it  is  necsssary  to  bring  them  to 
a  stsndard  tempentore,  which  in  this  country 
u^  F.     But,  as  tlie  comparison  of  gases 
vidi  air  is  alwsyi  made  at  the  instant,  our  only 
cueaeed  be,  that  the  gas  and  atmosphere  are 
iBthesaaQesteteastotempesataieand  moisture, 
and  that  the  equilibrium  of  pressure  be  ensured 
Is  the  gas  bj  bringinff  the  liquid  which  con- 
fines  it  to  a  level  on  the  faiside  and  outnde  of 
thejai; 

If  die  gases  stand  over  water,  it  is  desirable 
to  wtifjCi  them  in  somewhat  cold  weather,  when 
the diennometer  is,  fbr  example,  at  40";  fbr 
then  the  fBantity  ofaqoeous  vapour  they  coc 
twn  is  exceedingly  smalL  Or  otherwise,  we 
uKwld  pbce  die  atmo^heric  air  we  use  fbr  the 
standard  of  compariiion  in  the  very  same  dr. 
cnmstances,  over  water,  at  60«  for  instance ; 
and  dien  with  regard  to  those  gases  whose  den- 


leam,  uiai  ue  eome  ouia  m  ausercai  gases 
Standing  over  water  gives  out,  on  being  trans- 
mitted over  dry  muriate  of  lime,  the  same 
quandty  of  that  liquid ;  which,  fbr  100  cubic 
inches,  is,  by  the  first  philosopher,  0-35  of  a 
grain  troy  at  57^  F.,  and  by  the  second  0-236 
at  54^.  We  shall,  perhaps,  not  err,  by  con* 
sidering  the  wei^t  to  be  one-third  of  a  gndn 
afOO**.  Now,  for  100  cubic  inches  of  hydro- 
gen, which  in  the  dry  state  weigh  only  2*1 18» 
one-third  of  a  grain  is  nesrly  one-seventh  of 
the  whole,  equivalent  to  14  cubic  inches  of 
dry  gas.  But  fbr  oxygen,  of  which  100  cubic 
inches  weigh  nearly  34  gndns,  one-third  of  a 
grain  forms  only  1-1 10th  of  the  whole. 
The  quantity  of  moisture  present  in  air  or 

§as,  at  any  temperature,  may  indeed  be 
irecdy  determined  from  my  table  of  the 
elasdcity  of  aqueous  vapour.  If  we  multiply 
14.68,  which  is  die  weight  hi  grains  of  100 
cubic  mches  of  steam,  by  the  number  0.616 
opposite  60*  in  my  table,  we  shall  have  a 
product,  which,  divided  by  80,  will  give  a 

?uotient  =  the  weight  of  aijueous  yapour  in 
00  inches  of  any  gas  standing  over  water  at 
die  given  temperature. 
j,^^  14.68  X  0-516  ^  ^^^  ^  ^^ 

On} 

We  have  seen,  hi  treating  of  caloric,  that 
an  gaseous  matter  changes  its  volume  by  one 
480di  part,  for  die  variation  of  1«  of  Fahren- 
heit's tnermometer,  departing  from  the  tem- 
perature of  32*.  This  quantity  is  in  decimals 
=  00020883. 

The  bulk  of  a  gas  being  inversely  as  the 
messnre,  it  will  necessarily  inereate  as  the 
barometer  falls,  and  decredte  as  it  rises. 
Hence,  to  reduce  the  volume  of  a  gas  at  any 
pressure,  to  what  it  would  be  under  the  mean 
pressDre  of  30  inches  of  mercury ;  multiply 
the  volume  by  the  particular  barometncal 
pressure,  and  divide  tne  product  by  30 ;  the 
quotient  is  the  true  volume.  If  me  sas  be 
contained  in  a  vessel  over  mercury,  so  that  the 
liquid  metal  stands  in  the  inside  of  the  tube 
highp  dian  on  the  outside,  it  is  evident  that 
the  gas  will  be  compressed  by  a  less  weight 
than  the  amlnent  atmosphere,  in  proportion  to 
die  difierence  of  the  mercurial  levels.  If  that 
difierence  were  10  indies,  then  one-third  of 
the  incumbent  pressure  would  be  counter- 
balanced, and  the  gas  would  become  bulkier 
by  one-third.  Hence,  we  must  subtract  this 
difference  of  mercurial  levels  from  the  baro- 
metric altitude  at  the  instant,  and  use  thi^ 
reduced  number  or  remainder,  as  the  proper 
multiplier  in  the  above  rule.  Instead  of  re* 
ducing  the  volume  of  a  gas  to  what  it  would 
be  under  a  mean  pressure  of  30  indies,  it  is 
often  desirable  to  reduce  it  to  another  baro- 
metrical  height,  which  existed  peirhap^  at  the 
commencement  of  the  experimental  investig^ 
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ao  inch  or  more.  The  general  principle,  that 
the  volume  is  inversely  as  the  pressure,  mea- 
tmod  by  the  length  of  the  mercurial  column, 
alfords  the  following  simple  rule: — Multiply 
the  balk  of  the  gas  by  the  existing  height  of 
the  barometer,  and  divide  the  product  by  the 
original  height,  the  quotient  is  its  bulk  as  at  the 
oommenoement  of  the  eTcperiment.  The  baro* 
metric  pressure  is  esthnated  by  the  inches  on 
its  scale,  mlnttf  the  difference  of  mercurial 
levels  in  the  pneumatic  apparatus.  By  bring, 
ing  the  two  surfaces  to  one  horizontid  plane, 
this  correction  vanishes.  The  facility  of  doing 
so  with  my  eudiometer  is  one  of  its  chief  ad- 
vantages. 

If  we  are  operating  in  the  water  pneumatie 
dstem,  we  can  in  general  bring  the  two 
surfaces  to  a  level  If  not,  we  must  allow  ode 
inch  of  mercurial  pressure  for  13*6  inches  of 
water;  and,  of  course,  1-lOth  of  a  barome- 
trical inch  for  every  inch  and  third  of  water. 

From  the  researches  of  Mr.  Daniell  and 
Mr.  Faraday,  it  appears  that  gases  are  more 
xeadily  preserved  nom  admixture  with  atmo- 
spheric air,  when  kept  in  glass  vessels  inverted 
over  water,  than  over  mercury.  The  filtration, 
in  such  cases,  takes  place  along  the  surface  ii 
the  gUss,  and  not  through  the  pores  of  the 
mercury.  In  this  wa^,  air  insmuates  itself  into 
barometers,  occasionmg  a  slow  and  progressive 
deterioration  of  these  instruments*  The  only 
method  of  preventing  this  passage  of  air,  is  to 
bring  the  mercury  into  intimate  contact  with 
tiie  mouth  of  the  tube,  by  attaching  to  its  rim 
at  the  blowpipe  a  slender  ring  of  platinum. 
When  the  glass,  thus  armed,  is  immersed  in 
mercury,  we  effect  is  soon  perceived;  for, 
instead  of  any  depressixm  being  visible  around 
it,  the  mercury  may  be  lifted  by  it,  consi- 
derably above  its  proper  level  on  the  outside, 
where  Mr.  Daniell  had  welded  his  riband  of 

ftlatinum,  about  one-third  of  an  inch  broad, 
ntimate  contact,  in  fact,  is  thus  secured  be- 
tween the  mercury  and  the  mouth  of  the  tube, 
so  that  no  air  can  pass  between  them.- 

M.  Gay  Lussac  contrived  a  very  ingenious 
apparatus,  to  determine  the  change  of  volume 
wluch  an  absolutely  dry  gas  un£rgoes,  when 
water  is  admitted  to  it,  in  minutely  successive 
portions,  till  it  (or  the  space  it  occupies)  be- 
comes saturated.  He  deduced  from  these 
accurate  experiments  the  following  formula, 
whose  results  coincide  perfecdy  with  those 
dedncible  ficom  Mr.  Dalton*s  and  my  expe- 
riments on  the  elastic  force  of  aqueous  va* 
pour. 

When  a  perfectly  dry  gas  is  admitted  to 
m<^ture^  its  volume,  v,  augments,  and  be- 

V  p 
comes ~r ;  in  which  «  =:  the  bwometric 


such  aeriform  matter,  atanding  in  a  jar  on  the 
h3rdro-pneumatic  trough,  mustooosiat  of» 
96*28  cubic  inches  dry  air  =  29-9900  gr. 
1*72  aqueous  vapour         =   0*3fii25gr. 

Wdght  of  100  cubic  inches  of 

ah^  over  water  at  OO^*  ==  30-2425 

For  hydrogen  we  shall  have, 

98-28  inches  dry  gas  =  2-08157  gr. 

1*72  aqueous  vapour  :=   0-2525 

Weight  of  100  cubic  inches 

moistgas        •  .     =2-331407 

Hence  its  sp.  gr.  oomparad  to  thafc  of  diy 

2-33407      ^-«.„        , 
as,  will  be  =  ^,Qig  =  0-7648,  and  com- 

2-33407 
iMH»d  to  moist  air  =  • =:  0-0772. 

For  chlorine  we  shall  have  (makizig  the  sp. 
gr.  of  the  dry  gas  =  2-5), 
98-28  cubic  inches        •        •     =74.985? 
1-72  aqueous  vapour  .     =    0.252a 


Weight  of  100  cu.  in.  of  moist  diL  =  75-2382 
Hence,  its  sp.  gr-  compared  to  that  of  dry 

75-2r" 


air,  will  be  =  • 


=  2-2465,  Md  com- 


30-519 
pared  to  moist  air  =     ',^^^  =2-487& 

Now,  the  first  is  almost  tiie  densi^  aarigned 
long  ago  by  MM.  Gay  Luaaac  and  Thenaid; 
on  which,  tf  we  make  the  conection  lor  aqne- 
ous  vapour  present  in  it,  onaoeoontof  thisgas 
never  being  collected  over  mereuiy,  we  shall 
have  its  true  specific  grav.  =  2*5.  Sir  H.  Davy 
brought  out  a  number  stiS  nearer  24^  than 
that  of  M.  Gay  Lussac;  flis  ddochie  was 
probably  compared  with  air  somewhat  moiat, 
and  maythctefoie  be  oonsideied  as  readily 
reducible,  by  a  minute  oonectian,  to2-fiw  The 
reason  assigned  by  Dr.  Thomson  (Annals  for 
SepUand  Oct  1820)  for  the  Ibnner  cnoneons 
estimates  of  the  sp.  gravity  of  that  gss,  Ctfuiot 
surely  apply  to  the  two  first  chenusts  «f  the 
age ;  namely,  that  the  chkvine  they  ptcpared 
as  the  standard  of  oompariaon  was  impose.  I 
think  the  true  reason  is  that  iriudi  I  have 
now  given. 

For  olefiant  and  carbonfe  oxide  gpieit  we 
shall  have, 

98-28  cobic  mches      .      .     r=  20-1564 
1-72  vapour        .      .      .     =   0-2525 

Weightof  100cub.in.of  moistgsa  r=  20-4089 
Henoe,  its  sp.  gr.  oxnpaied  to  tet  of  diy 

lur,  will  be=:^^=09636,aiidtomaiit 
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OA8ES  (LiauEPACTioM  op>  Bee  Acid 
(Carbohic).Acid(Sulphubov8),Ciilo- 

BIKE,  CyAKOOEK,  &C. 

GASTRIC  JUICE,  is  sepanted  by  glanaa 
placed  between  the  membiBnes  which  line  the 
stODUich ;  and  from  theae  it  is  emitted  into  the 
stomach  itself: 

From  varioos  experiments  it  follbws : 

J.  That  the  gastric  juioe  nduees  the  ali- 
ments  into  an  uniform  tnagma^  even  out  of  the 
body,  and  in  vUrof  and  that  it  acts  in  the 
same  manner  on  the  stomach  after  death; 
whi^  proyes  that  its  effect  is  chemical,  and 
almost  independent  of  ritality.  2.  That  the 
gastric  juice  effects  the  solutkm  of  the  aliments 
included  in  tubes  of  metal,  and  consequently 
defended  irom  any  trituration.  3.  That  though 
thereis  no  trituration  in  membranous  stomachs, 
this  action  powerfully  assists  the  effisct  of  the 
digestive  juices  in  animals  with  a  muscular 
stomach,  such  as  ducks,  geese,  pigeons,  &c 
Some  of  thesa  animals,  bred  op  with  sufficient 
care  diat  they  might  not  swallow  stones,  have 
nevertheleae  broken  sphcrcs  and  tubes  of  metal, 
blunted  lancets,  and  rounded  pieces  of  glass, 
which  were  intxoduced  into  meir  stomachs. 
Spallanani  has  ascertained,  that  flesh,  included 
in  spheres  sufficiently  strong  to  resist  the  mus- 
cular action,  was  completely  digested.  4.  That 
gastric  juice  acts  by  its  solvent  power,  and  not 
as  a  ferment ;  bettuse  the  oidinary  and  na- 
toial  digestion  is  attended  with  no  disengage- 
ment m  air,  or  inflation,  or  heat,  or,  in  a' 
word,  with  any  other  of  the  phenomena  of 
femientation. 

GAY-LUSSITE.  A  new  minenO,  fliund 
by  M.  Bottssingault  in  great  abundance,  at 
Lagunilla,  a  small  Indian  village,  to  the 
south-west  of  M  erida.  It  is  in  transparent  and 
colourless  crystals  (very  imperfect  in  formX  or 
somedmea  greyish  and  semi-tianspavent,  with 
a  dull  surfkee.  They  cause  doubb  refiBctioD* 
Sp.gr.  1*93  to  1«96.  Bvheat,  thev'decee- 
pitate,  beooma  opaque,  and  yield  much  water. 
befoK  the  blowpipe  a  fingment  fuses  into  a 
gkrtmk,  which  uslantly  becomes  infusible, 
and  h  then  aftatme  to  the  taster  It  dissolves 
in  small  Quantity  in  water,  yielding  a  solution 
which  reddens  tormericpapeK,and  is  precipitated 
by  oxalic  acid.  It  consists,  in  100  parts,  of 
carbonic  add,  28^;  soda,  2044;  lime,  17*7; 
alumina,  1 ;  water,  32-2;  or  of  an  atom  of 
carbonate  of  soda,  an  atom  carbonate  of  lime^ 
and  11  atoms  of  water.  Attn,  de  Chim, 
xxxi.  270. 

OEHLfiNITE.  A  mineral  substance,  allied 
toVesuvian.  Its  colours  are  Qlive.green,leek- 
gRtn,  green  of  other  shades,  and  brown.  It 
oocun  aystallized  in  rectangular  four-sided 
prisms,  which  are  so  short  as  to  appear  tables. 
Lustre  glbtening,  often  dull.  Cleavage  imper. 
feet,  but  three-fold  rectangukur.  Fracture  fine 
■plinteiT.  Tnoshioettton  the  edges.  Rather 
ofly  vangiUe.    Harder  than  felspar,  but 


softer  ihan  quartz.  Sp.  gr.  9«98«  It  melts 
before  the  blowpipe  into  a  brownish-yellow 
transparent  glass.  It  is  found  along  with 
calcareous  spar  in  the  valley  of  Fassa  in  the 
TyroL  Its  oonstitnents  are,  lime  35*5,  silica 
29-64,  alumina  24*8,  oxide  of  iron  6-56,  vo- 
latile  matter  3-3. 

GELATIN,  GELLY,  or  JELLY,  an 
animal  substance,  soluble  in  water,  capable 
of  assuming  a  well-known  elastic  or  tremulous 
consistence,  by  cooling,  when  the  water  is  not 
too  abundant,  and  Uquefiable  again  by  in- 
aeasing  its  temperature.  This  last  property 
distinguishes  it  from  albamen,  wiiich  becomes 
consistent  by  heat.  It  is  predpitated  in  an 
insoluble  form  by  tannin;  and  it  is  this 
action  of  tannin  on  gelatin  that  is  the  foun- 
dation of  the  art  ^  tanning  leather.  See 
Glue. 

According  to  the  analysis  of  MM.  Gay 
Lussacand  Thenard,  gelatin  is  composed  of 


Carbon    * 
Oxygen 
Hydrogen 
Aiote    • 


47-881 

27*207 

7-914 

16-998 

100-000 


GEMS.  This  word  is  used  to  denote  such 
stones  as  are  considered  by  mankind  as  pre- 
cious. These  are,  the  diamond,  the  ruby,  the 
sapphire,  the  topaz,  the  clirysolite,  the  beryl, 
the  emerald,  the  hyadnth*  the  amethyst,  &e 
garnet,  the  touimalin,  the  opal ;  and  to  tiiese 
may  be  added,  rock  crystal,  the  finer  flints  or 
pebbles,  the  cat's  eye,  the  oculus  mundi,  or 
hydrophanes,  the  chalcedony,  the  moon-stone, 
the  onyx,  the  cornelian,  the  sardonyx,  agates, 
and  the  Labrador-etone;  forwhid),  consult 
the  several  articles  reniecdvely. 

GEODES.  Akindofaetitca,diehoUowof 
which,  instead  of  a  nodule,  contains  only  loose 
earth,  and  is  commonly  lined  with  crystals. 

GEOGNOSY.    SeeGEOLO«Y. 

GEOLOGY.  A  descripdon  of  the  struc 
ture  of  the  earth.  This  study  may  be  divided, 
like  most  others,  into  two  parts;  observation 
and  theory.  By  the  first  we  learn  the  relative 
positions  of  the  great  rocky  or  mineral  aggre- 
gates that  compose  the  crust  of  our  globe ; 
Uirough  the  second,  we  endeavour  to  penetrate 
into  the  causes  of  these  collocations.  A 
valuable  work  was  some  time  since  published, 
comprehending  a  view  of  both  parts  of  the 
subject,  by  Mr.  Greenough,  to  which  I  refer 
my  readers  for  much  instruction,  communi- 
cated in  a  very  lively  manner. 

Very  recently  the  world  has  been  favoured 
with  the  first  part  of  an  excellent  view  of  this 
sdenoe  by  Messrs.  Conybeare  and  Phillips, 
in  their  *>*  Outlines  of  the  Geology  of  Enghuid 
and  Wales ;"  from  which  work,  the  following 
brief  sketch  of  die  subject  is  taken :   The 
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TraiU  de  GeognotU  of  D' Anlraiflfloa  bean  • 
hi£^  duuracter  on  Ae  coDdnent  fie  is  a 
libenU  Wemerian. 

Wc&NXB*8  Tdbte  of  the  different  Motmtain 
Rocki,  from  Jamaon, 

Class  L 

Prknitioe  fwlu, 

1.  Onnite. 

2.  Gneiss. 

3.  Mics.4lste. 

4.  Claj-skte. 

6.  Pzimidve  limestone. 
&  PriBBilive  trap. 
7-  Serpentine, 
■8.  Pofphyry, 
a  Syenite. 

10.  Topaz  rode. 

11.  Quarts  rock.  « 

12.  Primitfire  flintyslate. 

13.  Primitive  OTpsom. 


14.  White 

Class  II. 

TrantUUm  rocks. 

1.  Traasition  limestone. 

2.  Transition  tzap. 
X  Ckeywacke. 
4.  TianMtion  ffinty.date. 
6.  Tnosidon  gypaum. 

Class  III. 
Floetz  rockt, 

1.  Old  led   sandstone,  or  fint 

fonnatioD. 

2.  First  or  oldest  fioets  limestone. 

3.  First  or  oldest  floets  gypsum. 

4.  Second  or  variegated  sandstone  formation. 
6.  Second  floetx  gypsum. 

6.  Second  floets  Isinestsne. 

7.  Third  floets  Umestone. 

8.  Rock-sak  foimatian. 

9.  Chalk  fbtmalton. 

la  Floetc-ttap  ftmadon. 

11.  Independent  coal  formation^ 

12.  Newest  fleets  trap  formation. 

Class  IV. 
AUuvitU  rodcit 

1.  Peat 

2.  SandandgmveL 

3.  - 


4.  Bog.4nnomi 
4k,  NageMuh. 
&  Calc-tufi: 
7.  Calci 


Class  V. 

Vokamcrockt, 

*  Pseodo-Tolcanic  rocks. 

1.  Bomtday. 

2.  Porcelain  ja^er. 

5.  Earth  slag. 

4.  Columnar  day  ironstone. 

6.  Policr,  or  polishing  slate. 

*  *  TYue  vokanie  rocks. 
Ejected  stones  and  ashes. 
Difoent  kinds  of  lava. 
The  matter  of  muddy  eruptions. 


1. 
2. 
3. 


The  prtoiitive  rods  lie  undenmst,  and 
never  contain  any  traces  of  organised  beings 
imbedded  in  them.  The  tmnsitioii  loeks 
contain  oomparBtivdy  few  organic  ranains, 
and  approach  more  nearly  to  the  diemscal 
structure  of  the  primitive  tfasn  tiie  mediaiiical 
of  the  secondary  rocks.  As  these  tnasitiao 
rocks  were  taken  by  Werner  from  aasong 
those  which  in  his  general  arrangement  wme 
oaUed  secondary,  the  fimnadon  oi  that  dbas 
made  it  necessary  to  abandon  the  latter  tern. 
To  denote  the  mineral  masses  reposing  on  hia 
tnnsition  series,  he  acoordii^gly  employed  the 
term  floets  rocks,  ftom  the  idea  that  Aej 
were  generslly  stratified  hi  pUmeaneaHyhori- 
sontsl,  while  those  of  the  older  strata  were 
inclined  to  the  horison  at  cunsiderrtile  an^es. 
But  this  holds  good  with  regiad  to  the  stnic- 
ture  of  those  countries  only  which  are  com- 
paradvdy  low?  in  the  Jura  chain,  and  on  the 
borden  of  the  Alps  and  Pyrenees,  Werner's 
floets  focmations  are  highly  incKoed.  Should 
we  4ierefine  persist  in  the  use  of  tiiis  term, 
says  Mr.  Conyfoeare,  we  must  nteparo  our-' 
saves  to  spesk  of  vertical  beds  of  iloeta,  (i.  e. 
Iioriaontal),  limestone,  Ac  As  ^  Snqnnes 
of  geolesisU  eortended  tiie  knowledge  of  the 
various  formatkms,  Werner,  or  ids  disdples, 
found  it  necessary  to  subdivide  tlM  bcdky  dsas 
of  floets  ndcs  into  fioetz  and  newest  fleets, 
thuscompledogaAMnfoldennineralkMi.  Some 
writen  have  bestowed  the  term  Mrffcvry  on  the 
newest  floetzrocks  of  Werner.  The  fbUowiDg 
synoptieal  view  of  gsolociOBl  stm^enMnt  is 
S^vcn  by  the  Rev.  Mr.  teybeaie. 
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Chabacteb. 

PrOP08£D 

Names. 

Webneriak 

Names. 

Otheb  Writers. 

1.  Formadoitt  (chiefly  o^tand 
and  day)  abore  the  chalk. 

Superior  order. 

Newest  floetz  class. 

tertiary  dass. 

b.  S«)d8  and  days,  U^ 
ntttih  the  chalk. 

c  Calcareous     fireortones 
('oofl/M^andaxgiUa- 
oeonsbeds. 

d.  Ifewredtanditone^eon^ 
glomerate^  and  mag^ 
neHm  Hmesttme* 

Supermedial 
order. 

Floetz  class. 

Secondary  class. 

3.  CaiiMnifsroua  rocks,  com- 
prising^ 
a.  Coal  measures, 
b*  CorhosiiferoHslwtestone, 
c.  Old  red  sandstone. 

Medial  order. 

Sometimes  referred  to  the  preceding, 
sometimes  to  the  succeeding  class,  by 
writers  of  these  schools;  rery  often  the 
coal  measures  are  refoned  to  the  fonner, 
the  subjacent  limestone  and  sandstone  to 
the  hAter. 

4.  Hoofing  sihte,  &c  &c. 

Transition  class. 

Intermediate  class. 

ft.  MkMslate,gneiss,graniU, 
Ac. 

Inferior  order. 

Primitive  dass. 

Primitive  class. 

In  an  these  formations,  from  the  lowest  to 
the  highest,  we  find  a  repetition  of  rocks  and 
beds  of  similar  chemicu  compoation;  i.  e. 
rilioeous,  aigillaceoas,  and  calcareous,  but 
with  a  consic&rable  difference  in  texture ;  those 
in  the  lowest  formations  being  compact  and 
often  crystalline,  while  those  in  the  highest 
and  most  recent  are  loose  and  earthy.  Iniese 
repetitions  form  what  the  Wemerians  call 
formation  suites.    We  may  mention, 

!«/,  The  limestone  suite.  This  exhibits,  in 
the  inferior  or  primitive  order,  aystaUine 
marbles;  in  the  two  next,  or  tzaosition  and 
carboniferous  orders,  compact  and  snboys- 
talline  limestones  (Derbysnire  limestone) ;  in 
the  supermedial  or  floetz  order,  less  compact 
limestone  (lias),  calcareous  freestone  (Portland 
ud  Bath  stone),  and  dialk ;  in  the  superior 
or  newest  floetz  order,  loose  earthy  limestones. 

2<i,  The  argiUaeeous  suite  preMBts  the 
foUowfaig  gradations ;  day-slate,  shale  of  the 
ooal.measurei^  shale  of  the  lias,  clays  alter- 
natingin  the  oolite  series,  and  thiatof  the  sand 
hcneath  the  chalk;  and,  lastly,  days  above 
theduOk. 

3^,  The  siHceous  suite  may  (since  many  of 
the  sandstones  of  which  it  consists  present 
evident  traces  of  felspar  and  abundance  of 
mica,  as  wdl  as  grains  of  quartz,  and  since 
"iica  ifl  tnore  or  less  present  in  every  bed  of 
^^\  pe^ps  deserve  to  have  granite  placed 
at  its  head,  a?  its  several  members  may  pos- 


sibly have  been  derived  from  the  detritus  of 
that  rock :  it  may  be  continued  dius ;  quartz 
rock  and  transition  sandstone,  old  red  sand- 
stone,  millsume-grit,  and  coal-grits,  new  red 
sandstone,  sand  and  sandstone  beneath  the 
dudk,  and  above  the  chalk.  In  all  these 
instsaicfs  a  regular  diminution  m  the  degree 
of  consolidation  may  be  percdved  in  ascending 
the  serieS' 

We  noticed  before,  that  the  remains  of 
vegetables  and  animals  are  confined  to  the 
secondary  formations.  We  have  now  to  add, 
that  they  are  not  irregularly  dispersed  through- 
out the  whole  series  of  these  formations,  but 
disposed  as  it  were  in  families,  each  fbirmation 
containing  an  association  of  fpedes  peculiar 
in  many  instances  to  itsdf^  wtddy  differing 
from  those  of  other  formations,  and  accom- 
panying it  throughout  its  whole  course;  so 
that  at  two  distinct  points  on  the  line  of  the 
same  formation,  we  are  sure  of  meeting  the 
same  general  assemblage  of  fossil  remains.  It 
will  serve  to  exemplify  the  laws  which  have 
been  stated,  if  the  observer's  attention  is  di- 
rected to  two  of  the  most  prominent  formations 
of  this  island;  namely,  the  chalk  and  the 
limestone  whicb  underlie  the  coal  in  North- 
umberland, Derbyshire,  South  Wales,  and 
Somerset.  Now  if  he  examines  a  collection  of 
fossils  from  the  chalk  of  Flamborough-Head, 
or  from  that  of  Dover-Cpfs,  or,  it  may  be 
added,  from  Poland  or  raris,  he  will  find 
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ciffht  or  nine  species  out  of  ten  the  s«ne;  he 
wm  observe  the  same  echinites  assocuUed  with 
the  same  shells;  nearly  one-half  of  these 
echinites  he  will  perceiFe  to  bdong  to  divisions 
of  that  family  unknown  in  a  recent  state,  and 
indeed  in  any  other  fossil  bed  except  the  chalk. 
If  he  nett  proceeds  to  inspect  parcels  of  fossils 
from  the  carboniferous  limestone,  he  will  in 
the  same  manner  find  them  to  agree  widi  each 
other,  from  whichever  of  the  tSxrvt  looditiea 
tlier  may  have  been  brought ;  that  is,  he  will 
find  the  same  corals,  the  same  encrinites,  the 
same  products,  terebratule,  spiriiers,  &.e. 
But,  Ittdy,  if  he  compares  the  ooUection  ftom 
the  chalk  with  that  nom  the  mountain  lime, 
he  will  not  find  one  single  instance  of  specific 
agreement,  and  in  very  few  instances  any 
thing  that  could  deceive  even  a^  nnj 
«ye,  by  the  superficial  rcsemblanoe 
agreement. 

If  we  cast  a  rapid  view  over  the  phenomena 
of  this  distributian,  the  subject  must  appear 
to  present  some  of  the  most  singular  problems 
which  can  engage  the  attention  of  the  inquirer 
into  nature.  First  we  have  a  foundation  «f 
primitive  rocks  destitute  of  these  organic  re- 
mains ;  in  the  next  succeeding  series  (that  of 
transition),  corals,  encrinites,  and  testaoea, 
difTetent  however  tNxa  those  now  known,  ap- 
pear at  first  sparingly.  The  fossi]  ranainsof 
the  carboniferous  Hmestone  are  nearly  of  the 
same  nature  with  those  in  the  transition  rocks, 
but  more  abundant ;  the  coal-measures  (coal 
strata),  however,  themselves,  which  repose  on 
this  limestone^  present  scarody  a  single  shcU 
or  coral ;  but,  on  the  contrary,  abound  with 
vegetable  'remains,  ferns,  flags,  reeds  of  un- 
known species,  and  large  trunks  of  succulent 
plants,  ttrangert  to  the  present  globe.  Upon 
the  coal  rest  beds  again  containing  marine  v^ 
mains  (the  magnesian  limestone),  then  a  long 
interval  (of  new  rod  sandstone;  intervenes, 
destitute  almost,  if  not  entbely,  of  oxganic  n^ 
mains,  preparing  the  way,  as  it  were,  for  a 
new  order  of  things.  This  order  commences 
in  the  lias,  and  is  continued  in  the  oolites, 
green  and  iron  sands,  and  chalk.  AU  thow 
beds  contain  corals,  encrinites,  ediinites,  testa. 
oea,  Crustacea,  vertebral  fishes,  and  marine 
oviparous  quadrupeds,  yet  widely  distin- 
guished from  the  families  contained  in  the 
lower  beds  of  the  transition  and  carboniferous 
class,  and  particularly  distinguished  among 
themselves,  accordinff  to  the  bed  which'  they 
ooeopy.  Hitherto  ue  remains  are  always 
petrified,  i>  e.  impregnated  with  the  minenl 
aubatance  in  which  they  are  imbedded.  But, 
lastly,  in  the  strata  which  cover  the  chalk,  we 
.find  the  shells  merely  preserved,  and  in  such 
%  state,  that  when  the-  day  or  sand  in  which 
they  lie  is  wsshed  off,  they  ml^t  appear  to 
he  recent,  had  they  not  lost  their  colour,  and 
become  more  brittle.  Here  we  find  beds  of 
marine  shells  alternating  with  others  peculiar 
to  fiesh  water,  so  that  they  seem  to  have  been 


deposited  by  reciproeatimg  imumiatiomB  of 
freih  and  saH  water.  In  the  bIglMKortha 
tegular  strata,  the  cng,  we  at  length  on  find 
an  identity  with  the  shdls  at  present  ( 
on  the  same  coast ;  and,  lastly,  o>« 
strata  indisctiminatdy  there  is  apvsi 
ing  <^  gravel  rseemingly  formed  by  the  i 
of  a  deluge,  wbich  has  detached  Mid  mi 
by  attrition  fragments  of  die  rocks  over  viddi 
it  swept),  oontidnhig  the  remains  o£  nmntmm 
land  quadrupeds,  many  of  them  of  unkBOwn 
genera  or  species,  (the mastodon,  and  the  Ibaail 
species  of  dephani,  or  mammoth,  bear,  xfaiDa. 
ceroa,  and  dk),  mingled  with  odiera  (hyssnaa, 
&e.)  equally  strangers  to  the  cUmatee  vhoe 
they  are  now  found,  yet  associated  with  ■seay 
at  present  occupying  the  same  cioontrici. 

Another  daas  of  subatanoea  1mbed<lrd  la 
the  leoondary  strata,  and  throwfaig  light  m 
the  convulsions  amidst  which  they  have  been 
finrned,  are  the  pebbks,  or  loikd  ftagpiii  iBs 
of  rodo,  older  than  themaelviBB,  whin  they 
are  often  found  to  contain.  Thus  the  lower 
beds  of  the  supennedial  order  (nasaeiyv  tbs 
oonglomente  rocks  of  the  new  red  aandbMne) 
contain  in  great  abundance  roDed  jwynents 
of  the  carboniferous  limestone  bdonging  to  the 
daas  next  bdow  it  (the  medial  order),  tm  wdl 
at  ofmany  still  older  rodn;  being  in  fact  criy 
a  oonMMated  nasa  of  gmvd,  uiiuyaiid  m 


dehrit  of  these  rocks. 

The  necessary  inferences  fhnn  dns  fret  art, 
first.  The  rock  whence  the  fhttments  were  de- 
rived  must  have  been  consoliutcd,  and,  sub- 
sequently to  that  coosoiidation,  have  hcoi  ex- 
posed to  the  mechanical  violence  (probebly 
the  action  of  agitated  Wftters)  whidi  tore  from 
it  these  masses,  and  rounded  them  by  attrition, 
before  the  rode  in  whidi  these  ftagmeots  are 
now  imbedded  was  fanned;  and,  aeoondly, 
Since  loose  gravd  beds  (and  such  muat  have 
been  the  original  form  of  thsae^  though  now 
consolidated  into  oongkimerate  ncka)  cannot 
be  aorumnlwfed  to  any  extent  from  the  acdon 
of  gravity  on  a  highly  indined  plftne,  we  are 
sure,  when  we  find  such  beds,  as  we  often  do 
in  nearly  vertical  strata,  that  this  cannot  have 
been  their  original  poeirion,  bat  is  one  into 
which  they  have  been  forced  by  convulsions 
which  have  dislocated  them  subaeqnently  to 
their  consolidation.  These  consolidated  gtavd 
beds  ana  called  conglomerates,  bnodas,  or 
pudding  stones;  we  find  them  among  die 
transition  rock,  in  the  old  red  sandstone,  io 
the  mSlstone.<grits  and  coal-grits,  in  dte  knrcr 
members  of  the  new  redsanfitone,  In  the  sand 
strata  beneath  the  chalk,  and  in  die  gnvd 
beds  assodated  with  the  pbstic  dey,  and  ki- 
terposed  between  the  dialk  and  great  Londoo 
day. 

From  the  oocoirence  of  the  mnine  icmaios 
lately  noticed,  occupvmg,  as  th^  do»  voda 
spread  over  two-thinls  of  the  sunwe  of  every 
part  of  our  oontuients  which  have  been  ex- 
phMd,  and  rising  to  dit  hjghcat  ntnadon, 
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ID  tlM  loftiMi  aoBimtts  of  the  Pyfcneei, 
and  mU  mam  clevtted  pcuali  on  the  Andes, 
him  an  inentablo  infennc^  that  the  greater 
l«rl  «f  tlMM  aontams  have  not  only  been 
covcaed  by ,  bat  have  been  tened  of  materials 
oaDaded  irithin  the  boeom  of  the  ocean;  that 
we  inhabit  coiminM  which  we  may  tml  v  call 
fasUf  ex  esquore  terras.  The  great  and  fuo- 
dameoftal  praUen^  therefoie,  of  the<»etical 
geolopR»  la  obfiooely  to  asogn  adequate  caiuei 
for  Che  changeof  level  ut  this  oceen,  which  has 
permitted  these  masses,  which  once  formed  the 
bottom  of  its  channel,  to  rise  in  hiUs  and  moua- 
taina  abovo  its  waves.  The  causes  which  it  is 
poaabie  to  imagine  are  reducible  to  two  general 
rlassesi  fiat.  The  decrease  of  the  absolate 
quantity  of  watff .  This  must  have  resulted 
ham  aanaea  sndrely  cheinical,  namely,  the 
deoQBBpoaition  of  some  portion  of  the  water, 
its  constitaaitB  entering  into  new  farms  of 
ite  fixation  in  the  locks 
I  it  It  is  probaUe  that  theae 
causes  banre  operated  to  some  degree,  but  it 
seema  impoasible  to  aaoibe  to  thoa  the  very 
gseac  difeesioe  of  level  for  which  ve  have  to 


The  second  dass  of  possiUe  causes  is  en- 
•tbely  meehanicsi;  those,  namely,  which  may 
baive  pvodneed  a  change  of  lehtive  level  witb- 
ont  any  diminution  of  absobite  quantity  in 
the  waters. 

TIm  canaes  of  this  kind  which  have  been 
proposed  aie,  fint,  The  abaorptiflo  of  the  wa- 
ters iatD  a  sni^oeed  central  cavity ;  but  tbe 
now  aseestained  density  of  the  earth  (being 
greater  than  that  which  would  result  ftmn  an 
sntiaaly  eoMd  sphere  of  equal  magnitude  of 
the  most  compact  known  rock)  renders  the 
existsooe  of  any  soeh  oavity  venr  doubtfuL 

Seeoiidly»  A  wiitsr  in  die  .MNiinal  Of  the 
aojral  Inetitntion,  voL  li.  has  propoasd  the 
very  tngeDiona  hypothesis,  that  a  change  of 


'  dMsees  will,  from  the 
of  ae  materials  of  land 


vneqnal  oxpanaibility  of  i 

snd  watery  sufficiently  aeeonnt  for  this  change 
«f level 

TUidly,  It  has  been  ascribed  to  violent 
convulsions,  vdiich  have  either  heaved  up  the 
pnsent  continents,  or,  whidi  amounts  to  the 
sameddng  (as  the  sam^rdative  change  mast 
have  taken  place  in  etdicr  view),  deoiessed 
die  present  dunnel  of  die  ocean.  If  the  vk>- 
knt  devatkm  of  the  continent^  or  depression 
of  die  diaand  of  die  ocean,  snpposea  in  the 
te  msndoiied  bypodiesis,  really  took  place, 
^niuat  have  left  traces  hi  the  disturbed,  coa- 
^nted,  Ibd  highly  inclined  position  of  dte 
'***^t  and  these  disturbances  must  be  tbe 
gseaiest  where  die  change  of  levd  has  been 
^greatest,  i.  «.  m  the  neidhbooriiood  of  the 
'oAistt  mountains.  Nov  this  is  actually  the 
case. 

I*  siipport  of  the  bypodiesis  which  aseribss 
y^hnpertant  part  to  volcanic  agency  in  mo- 
^>4«igdieMHhos«four  pbnet,  die  follow. 


bur,  at  least  pbmsible,  arguments  might  be 
adduced. 

1.  It  must  be  kept  in  view,  that  the  object 
is  to  assign  sn  adequate  cause  for  the  un« 
doubted  fact  of  the  emcigence  of  the  bftiest 
mountains  of  the  present  continent ;  and  that 
when  io  mighty  an  effect  is  to  be  accounted 
for,  the  mind  must  be  prepared  to  adnu|, 
without  being  atartled,  causes  of  a  force  and 
energy  gready  exceeding  those  widi  which  we 
are  acquainted  from  actual  observation. 

2.  The  broken  and  disturbed  state,  and  in- 
clined position  of  the  strata  composing  those 
oontineats,  many  of  which  must  have  been  at 
the  time  of  their  original  formatisn  horiaontal, 
indicate,  as  we  have  seen,  that  one  at  least  of 
the  causes  operating  to  efi^  this  great  diange 
of  leladve  levd  between  the  land  and  waten, 
was  the  devation  of  the  farmer  by  medianicsl 
force. 

3.  The  only  agent  with  which  we  are  ac- 
quainted, whose  operation  bears  any  analog 
to  the  effects  above  specified,  is  the  volcamc 
cneinr,  which  still  occasionally  forms  new 
islands,  and  elevates  new  mountains. 

4.  AUhough  these  effecu  are  now  indeed 
partid  and  limited,  yet  there  is  certain  proof 
that  volcanic  agency  has  formerly  been  much 
more  acdve;  the  extinct  volcanoes  of  the 
Rhine^  Hungary,  and  Auvergne,  as  well  as 
these  which  oooupy  so  large  a  ^rtion  of  Itdy, 
where  only  one  remains  in  acdvity,  concur  in 
proving,  that  at  present  we  experience  only  the 
expiring  efibrts,  as  it  were,  of  those  gigantic 
powers  which  have  once  ravaged  the  face  of 


6.  Ifto  thu  certain  proof  of  the  grei^  pre- 
valence of  volcanic  convulsions  in  earlier,  but 
still  comparatlvdy  recent,  periods  of  the  his- 
tory of  our  planet,  we  add  the  presumption 
that  die  trap  rocks  (so  singularly  intruded 
among  the  regular  strata,  and  producing, 
where  they  traverse  those  strata,  so  precisely 
the  efl&cts  of  heat  acting  under  compression, 
and  so  different  in  all  their  phenomena  from 
formations  deddedly  aqueous),  were  of  volcanic 
origin,  we  shall  find  that  scarody  a  country 
exists,  which  has  not  been  a  prey  to  the  ftu 
vages  of  this  powerful  principle.  If,  with 
many  of  die  best  geological  observers,  (Dr. 
MKkdloch,  Von  Buch,  Necker,  .&c)  we  in^ 
dine  to  extend  the  same  condusions  to  granitie  , 
rocks,  a  mass  of  volcanic  vowa,  deanj  ade- 
quate to  all  the  required  effects,  u  nrovided. 

&  The  question  will  undoubtedly  present 
itsd^  what  is  the  source  of  volcanic  action  f 
and  sufficient  proof  exists,  that  this  source  is 
deoily  seated  beneadi  the  lowest  rodcs  widi 
wmch  our  examination  of  the  earth's  surface 
makes  us  acqudnted ;  for,  in  Auvergne,  die 
lavas  have  evidendy  been  erupted  tmn  beneath 
die  primidve  rodu. 

7.  The  very  important  recent  dhwoveries 
widi  regud  to  die  increased  temperature  no- 
tlcedindesoondiog  deep  mines,  &c.  by  Messrs. 
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Fox  and  Fouirier,  will,  if  oonAmsed  by  AirtliCT 
examiiatioi),  prove,  that  some  great  icnirce  <if 
heat  exists  beneath  the  earth's  crast. 

S.  A  degree  ofpresumptioD  may  bethought 
to  arise  firom  these  coDsiderations,  that  the 
crast  of  the  earth  resti  on  a  heated  ntideixs, 
the  time  source  of  ydcanic  energy.  If  this 
nucleus  be  in  a  fluid  or  Tisoous  state,  its  un- 
dulations would  readily  account  for  the  con- 
vulsions which  have  affected  that  crust,  both 
in  origmally  dislocating  and  elevating  portions 
of  its  strata,  and  in  iSe  actual  phenomena  of 
earthquakes  (of  many  of  which  phenomena  no 
other  hypothesis  appears  to  cmat  a  sufficient 
cxplanraon),  while,  at  the  same  time,  it  would 
alford  an  adequate  reason  for  the  figure  of  the 
globe  as  a  sfiheioid  of  rotation. 

9.  On  th&  supposition,  we  should  at  once 
perceive  a  reason  why  the  effects  of  the  volcanic 
force  may  have  been  much  more  violent  in 
eariier  periods,  while  that  mass  of  depotitea 
which  now  covers  the  supposed  volcanic  nu- 
cleus was  but  gradually  forming  over  it  than 
at  present;  and  we  shaH  al^o  find  a  reason  for 
the  higher  temperature,  which  many  of  the 
remains  of  both  the  animal  and  vegetable  king, 
doms,  found  in  the  strata  of  countries  now  too 
cold  for  the  existence  of  their  recent  analogies, 
appear  to  indicate  as  having  formerly  pre- 
vailed. 

10.  It  must  be  remembsred,  that  one  of 
the  essential  conditions  of  the  theory  above 
sketched  is,  the  operation  of  volcanic  agency 
beneAth  the  pressure  of  an  incumbent  ocean ; 
and  that  it  does  not,  therefore,  in  any  degree 
question  the  Neptunian  origin  of  the  majority 
of  the  rocks  which  have  evidendy  been  formed 
in  the  bosom  of  the  ocean.  With  regard  to 
the  trap  rocks  alone,  and  perhaps  the  granitic, 
does  it  venture  even  to  insinuate  an  opposite 
mode  of  formation. 

Mr.  Conybeare  next  shows,  that  the  Wer- 
nerian  generalization  of  the  phenomena  is  too 
hasty.  It  supposes  the  basset  edges  of  the 
strata  to  occupy  levels  successively  lower  and 
lower  in  proportion  as  they  are  of  less  ancient 
formation,  and  as  they  recede  from  the  pri- 
mitive  chains,  forming  the  edges  of  the  basins 
in  which  they  have  been  deposited.  For  if 
we  compare  the  basset  edges  of  the  same  strata 
on  the  opposite  sides  of  the  great  European 
basin  (assuming  the  primitive  ranges  of  our 
own  island  as  one  of  its  borders,  and  those  of 
the  Alpine  chains  as  the  other),  we  shall  find 
their  level  totally  different 

The  oolite,  for  instance,  whose  highest  pdat 
with  us  is  less  thay  1200  feet,  attains  a  height 
of  more  than  4000  in  Ae  Jura  chain,  and  in 
the  mountains  of  the  Tyrol  has  been  observed 
by  Mr.  Buckland  crowning  some  of  ^  loftiest 
and  most  rugged  summits  of  the  Alps  them- 
selves. Again,  if  we  compare  the  inclinatioo 
of  the  strata  at  tlie  edges  of  the  basin,  we  shall 
find  everv  thing  but  the  supposed  recfuJar  gra- 
dation, ^om  a  highly  elevated  to  a  boriiootal 


position ;  on  the  oonlnry,  wt  shall  ace  the 
horiiontal  beds  generally  repoafaig  at  once  upon 
the  truncated  edges  of  those  wl^  lie  m,  very 
considerable  angles;  and  in  place  of  the  go* 
nerai  oonformity  or  paralkiKsm  whkfa  os^ 
to  prevail  between  the  sevcnl  fonnatiana,  we 
ahall  observe,  in  many  inatanoes,  appsiaBcts 
of  the  greatest  irregularis  la  thk  reqpect; 
and  theie  irregnlaritka  wUl  be  fouiid  to  in- 
crease  in  approaching  those  dudna  iMoh  av 
the  most  elevated. 

But  if  we  suppose,  that  dnrii^  the  ngnkr 
and  gradual  subsidenoe  of  the  level  el  die 
ocean,  in  the  Wemerian  system,  the  continails 
wcce  elevated  by  mechanical  (bioes  acting  is  a 
series  of  great  oonvnlBiona,  we  diall  pcriaps 
obtain  a  nearer  approximation  to  agracmcnt 
with  the  actual  phnioaaena,  as  dpdncwi  fiam 
observation.  If  these  oonvulaiflni  iisnlliil 
from  volcanic  agency,  we  have  alicadj  aen 
that  there  is  every  leaaon  to  believe  thia  canst 
to  have  acted  with  most  violence  in  the  earliest 
periods ;  and  this  will  safficiently  nooount  lor 
the  greater  derangement  of  the  eariier  rechs. 

That  the  vallejFS  have  been,  in  many  in* 
stances,  entirely  excavated  by  the  ^cDcyof 
powerful  aqueous  currents,  and  in  all,  grendy 
modified  by  the  same  cause,  seems  as  oonv 
(detely  proved  as  the  nature  of  die  case  osn 
possibly  admit.  The  same  dflonal  agency 
that  has  excavated  the  vaUeys,  appears  also 
to  have  swept  off  the  superior  strata  Iram  ex- 
tensive tracts  which  they  once  covered.  The 
proofr  of  this  are  to  hie  found  in  inaulatod 
hills,  or  outHers  of  those  strata,  plaeed  at  cosi- 
saderaUedistanocs  from  their  wmtinnoms  mge^ 
with  which  they  have  every  appeannee  of 
having  been  once  connected;  in  the  abrupt 
and  truncated  escarpments  which  fbnn  the 
usual  tennination  of  die  sdaCa,  and  in  the 
very  great  quandty  of  thdr  isMc,  scattered 
irequenUy  over  tracts  hx  distant  ftnm  dmae 
where  they  still  exist  iarifti*  This  siiippiiw 
off  the  supentraia  is  appropriately  tenned 

The  roost  important  agency  of  this  kind 
appears  to  have  been  exerted  at  an  early  pe- 
nod,  and  subsequendy  to  the  consolidation  of 
all  the  strata,  by  an  immdauon  which  must 
have  swept  over  than  universally,  and  eoviered 
the  whole  surface  with  their  dcbrit )   "     -    - 


imtely  thrown  together,  fbtming  the  last  neat 
geok^cal  change  to  which  the  aurftoe  of  nor 
planet  appears  to  have  been  expoaed. 

To  this  general  otfteriog  of  waler«>wasii 
debrit  derived  fimn  all  the  strata,  the  naBse 
ef  diktvnim  has  been  given,  firom  Ike  conaa* 
deration  of  that  great  and  oniwrnal  cata- 
strophe to  which  it  oeoms  most  preperly  as- 
signable. By  this  name  it  is  intended  to 
disdngiush  it  ftom  the  partial  dtbrit  occa- 
sioned by  causes  still  in  opention ;  such  as 
the  slight  wear  produced  by  the  pr«8^  riven, 
the  more  violent  acUon  of  torrents^  &«•  To 
the  latter  the  name  of  aOmmm  has  Intdj 
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been  appvoprUtcd.  It  does  not  teon  pOMibk 
to  aangik  anj  aiogle  and  if  nifoim  dirccdoD  to 
the  cuzrents  which  ha?e  driven  the  diluvial 
dcbrU  before  them ;  hut  they  appear  in  every 
instance  to  have  flowed  (which  indeed  must  of 
ncoetBiiity  be  the  caie  with  ttie  cunents  of  sub- 
siding  wmten)  as  they  were  detennined  by  the 
confi|sunuion  of 4he  adjoining  country;  from 
the  mountains,  that  is,  towards  the  lower  hills 
and  plaina.  As  fiur  as  England  is  concerned, 
this  principle  will  produce  a  general  tendency 
to  a  direction  from  north-west  towards  south 
and  east,  gready  modified,  however,  by  obvioua 
local  circumstancca. 

Another  circumstance  connected  widi  the 
distribution  of  these  travelled  fragments  is, 
that  we  often  find  them  in  masses  of  oonsi« 
derable  size,  accumulated  in  situations  now 
separated  by  the  intervention  of  deep  valleys 
from  the  parent  hills  (if  we  may  so  speak), 
whence  we  know  them  to  have  been  torn. 
This  spears  to  be  a  demonstrative  proof  that 
thcMc  interrening  valleys  must  have  been  ex. 
cavated  subsequently  to  the  transportation  of 
these  blocks  ;  for  thou^  we  can  readily  con. 
cfdve  how  the  agency  of  violent  currents  may 
have  driven    these  blocks  down  an  inclined 
plane,   or  if  the  ow  a  tcrgo  were  suffidiBnt, 
along  a  level  surface,  or  even  up  a  very  slight 
and  gradual  acdivity,  it  is  impossible  to  ascribe 
to  them  the  Sisyphean  labour  of  rolling  rocky 
niasaes,  sometimes  of  many  tons  in  weight,  up 
the  face  of  abrupt  and  high  escanpments.    The 
attention  of  geologists  was  first  directed  to  this 
phenomenon  by  the  discoveries  of  Saussure, 
who  noticed  one  of  its  most  striking  cases — the 
occurrence  of  massive  fragments  torn  from  the 
primitive  diains  of  the  Alps,  scattered  at  high 
levels  on  the  escarpment  of  the  opposite  c^ 
careous  and  seoondary  chains  of  the  Jura, 
although  between  the  two  points  the  deep 
TsUey  containing  die  lake  of  C^eva  is  inter- 
posed*     This  phenomenon    is  one  of  very 
couimoti  oocurrence.   The  Downs  surrounding 
Bath  (Hampton  Down  for  example),  tliough 
abrupdy  scarped,  and  surrounded  by  valleys 
more  than  GOO  feet  deep,  have  vet  on  their 
^ery  saminits  flints  transported  »om  the  dis- 
tant chalk  hills.    The  simplest  explanation  of 
the  fact  will  be,  that  these  fragments  were 
transported  by  die  first  acUoo  of  the  currents, 
before  they  had  eflected  the  excavation  of  the 
vaUeys,  now  cutting  off  all  communication 
^th   the  native   rocks  whence    they  were 
derived. 

Tlie  organic  remains  of  land  animals  dis- 
i^CTKd  thiaugh  this  diluvial  gravel  must,  widi 
the  greatest  probability,  be  referred  to  the 
<  nceg  extinguished  by  the  great  convulsion 
*hich  formed  that  gravel ;  many  of  them  are 
of  species  stiU  inhabiting  the  countries  where 
they  are  thus  found ;  some  of  the  species  now 
inhabiting  only  oihei  climates ;  and  some  few, 
of  species  and  genera  now  entirely  unknown. 
To  the  same  period  we  may  awribe  the 


bones  of  the  same  tpccks  vUIt  the  above,  found . 
in  many  caverns ;  but,  in  many  of  these  in- 
stances, it  is  probable  that  some  of  the  animals 
now  found  there,  prevbusly  inhabited  them  as 
their  dens.  Professor  Buddand  appears  to 
have  proved  satisfactorily,  that  thin  must  have 
been  the  case  in  the  remarkable  instance  of 
the  cavern  latdy  discovoed  near  Kurby  Moor- 
side,  Yorkshire.  Here  the  remains  found  in 
the  greatest  abundance  are  those  of  hyenas ; 
with  these  are  mingled  fragments  of  various 
animals,  fhim  the  mammoth  to  the  water-rat 
All  the  bones  present  evident  traces  of  having 
been  mangled  and  gnawed ;  and  the  whole  are 
buried  in  a  sediment  of  mud  subiiquendy  in- 
crusted  over  by  stalacdtioal  depositions.  Pro- 
fessor Buckhmd's  explanadon  Is,  that  this 
cavern  was  occupied  by  the  hysnas;  who, 
according  to  the  known  habits  of  diese  animals, 
partially  devoured  even  the  bones  of  their  pi^, 
and  dragged  them  for  that  purpose  to  dieir 
dens ;  around  their  retreats,  a  rimilar  cottgcries 
of  mangled  bones  has  be^  noticed  by  recent 
travellera.  The  proofii  of  these  points,  de- 
duced  from  the  circumstances  of  the  caven^ 
the  state  of  the  bones,  and  the  asceartained 
habits  of  the  animals  in  quesdou,  appear  to  be 
decisive.  The  sediment  in  which  the  bones 
are  imbedded,  and  the  occumnce  of  the  re. 
mains  of  the  mammoths,  and  other  species, 
only  known  (in  these  climates  at  least)  in  a  fossil 
state,  in  the  diluvial  gravel,  clearly  refer  their 
remains  to  the  same  era.  Caverns  containing 
bones  of  a  similar  class,  the  mammoth,  the 
fossil  species  of  rhinoceros,  &c.  have  been 
found  near  Swansea,  at  Uatton-hill,  (on  the 
Mendip  chain  in  Somersetshire),  and  near 
Plymouth.— iZev.  fT.  Z>.  Conybcare^  JtUrOm 
duction. 

The  ancient  history  of  the  globe,  which  may 
be  regarded  as  the  nitlntaie  object  of  gcologiad 
researebes,  is  undo^ibtedly  one  of  the  most 
curious  subjects  that  can  engage  the  attention 
of  enlightened  men.  The  lowest  and  most 
level  parts  of  the  earth,  when  penetrated  to  a 
very  great  depth,  exhibit  nothing  but  hori- 
zontal strata,  composed  of  various  substances, 
and  containing  almost  aU  of  them  innumemble 
marine  productions.  Similar  strata,  with  the 
same  kind  of  productions,  compose  (he  hills 
even  to  a  g^reat  height.  Sometimes  the  shells 
are  so  numerous  as  to  oonsUtute  the  entire 
body  of  the  stratum.  They  are  almost  every- 
wluoe  in  such  a  perfea  state  of  preservation, 
that  even  the  smallest  of  them  retain  their 
most  delicate  parts,  their  sharpest  ridges,  and 
tenderest  processes,  lliey  are  found  in  eleva. 
dons  far  above  the  level  of  every  part  of  the 
ocean,  and  in  places  to  which  the  sea  could 
not  be  conveyed  by  any  presently  existing 
cause,  "l^bey  are  not  merely  enclosed  in  loose 
sand,  but  are  often  incrusted  and  penetrated 
on  all  sides  by  the  hardest  stones.  Kvcr^  part 
of  the  earth,  every  henusphcre,  every  continent, 
every  island  of  anf  size,  exhibits  the  same  phr- 
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nomenoD.  We  are  thcfefim  forcibly  led  to 
believe,  not  only  that  the  aeabai  at  one  period 
or  another  corered  all  our  plaina,  but  ttiat  it 
mutt  have  remained  there  for  a  long  time,  and 
In  a  state  of  tnmquillity;  whieh  dicomitanfle 
was  necessary  for  the  formation  of  deposites  so 
extensive,  so  thick,  in  part  so  solid,  and  con- 
taining exuvke  so  perfectly  preserved.  A  nice 
and  scrupulous  comparison  of  the  foima,  con- 
texture, and  composition  of  these  sheila,  and 
of  thoie  which  still  inhabit  the  sea,  cannot 
detect  the  slightest  difference  between  them. 
They  have  therefore  once  lived  in  the  sea,  and 
been  d/gpomlbeA  by  it;  the  sea  consequently 
nimst  have  rested  in  the  places  where  the  d&. 
positioh  has  taken  place.  Hence  it  is  evident, 
that  the  basfn  or  reservoir  containing  the  sea 
has  undergone  some  change,  either  hi  extent, 
lituation,  or  both. 

The  traces  of  revolutions  become  still  more 
apparent  and  decisive  when  we  ascend  a  little 
higher,  and  approach  nearer  to  the  foot  of  the 
great  chain  of  mountains.  There  are  still 
rounA  many  beds  of  shells ;  some  of  these  are 
^ven  larger  and  more  solid ;  the  shells  are  quite 
as  numerous,  and  as  entirely  preserved ;  but 
they  are  not  of  the  same  species  wiUi  those 
which  were  found  in  the  leas  elevated  regions. 
The  strata  which  contain  them  are  not  so 
generally  horizontal ;  they  hsve  various  degrees 
of  indination,  and  are  somedmes  situated  ver- 
tically. While  in  the  plains  and  low  hiUs  it 
was  necessary  to  dig  deep  In  order  to  detect 
the  succession  of  the  strata,  here  we  perceive 
them  by  means  of  the  valleys,  which  time  or 
violence  has  produced,  and  which  diadose 
their  edg«  to  me  eye  of  the  observer. 

Thus  the  sea,  prevbns  to  the  formation  of 
the  horizontal  strata,  had  formed  others,  whidi 
by  some  means  have  been  broken,  Ufied  up, 
and  overturned  in  a  thousand  ways.  But  the 
sea  has  not  always  deposited  stony  substances 
of  the  same  kina.  It  has  observed  a  regular 
succession  as  to  the  nature  of  its  deposites ; 
the  more  ancient  the  strata  are,  so  much  the 
more  uniform  and  extensive  are  they ;  and  the 
nuHre  recent  they  are,  the  more  limited  are 
they,  and  the  more  variation  is  observed  in 
them  at  small  distances.  Thus  the  great 
catastrophes  which  have  produced  revolutions 
in  the  basins  of  the  sea,  were  preceded,  acoom- 
panied,  and  followed  by  changes  in  the  nature 
of  the  fluid,  and  of  the  substances  which  it 
held  in  solution;  and  when  the  surface  of  the 
seas  came  to  be  divided  by  islands  and  pro- 
jecting  ridges,  difierent  changes  took  place  in 
every  separate  basin. 

These  irruptions  andretreats  of  the  sea  have 
ndther  been  slow  nor  gradual ;  most  of  the 
catastrophes  which  have  occasioned  them  have 
been  sudden ;  and  this  is  easily  proved,  espe* 
cially  with  regard  to  the  last  of  them,  or  the 
Mosaic  dduge,  the  traces  of  which  are  very 
.  conspicuous.  In  the  northern  regions  it  has 
left  the  carcasses  of  some  large  quadrupeds, 


which  the  ice  had  arrested,  and  which  are  pre- 
served even  to  the  prescntday,  with  dwir  skin, 
their  hahr,  and  their  flesh.  If  they  had  oot 
been  frozen  as  soon  as  killed,  they  must  hare 
been  quickly  decomposed  by  putiefiictiaD.  But 
this  perpetual  frost  could  not  have  taken  pes- 
session  of  the  regions  which  these  animah  io- 
haUted,  except  by  the  same  cause  wfaidi 
destroyed  them:  this  cause  must  thoefiNe 
have  been  as  sudden  as  its  effect.  Tlie  tvo 
most  remarkable  phenomena  of  this  kind,  asd 
which  must  for  ever  banish  all  idea  of  a  slov 
^knd  gradual  revoludon,  are  the  rh!Dooero8» 
discovered  in  1771  on  the  banks  of  the  FiftoBs, 
and  the  elephant,  recently  fou&d  by  Mr. 
Adams  near  the  mouth  of  the  Sena,  This 
last  retained  its  flesh  and  skin,  on  whidi  was 
hair  of  two  kinds ;  one  short,  fine,  and  crisped, 
resembling  wool,  and  the  other  like  bristles. 
The  flesh  was  still  in  auch  high  preservatian, 
that  it  was  eaten  by  dogs.  Every  part  of  the 
globe  bears  the  impress  of  these  great  sad 
terrible  events  so  distmctly,  that  they  nanst  be 
visible  to  aU  who  are  qualified  to  read  their 
history  in  the  remains  which  they  have  left 
behind— 5'«  Cuvier^s  Tlieory  of  the  Earth, 

I  shall  conclude  this  article  by  statmg,  dut 
this  naturalist,  the  most  learned  of  the  present 
day,  as  well  as  Dolomieu,  Deluc,  and 
Oreenough,  concur  in  thinking,  that  not  above 
5000  or  0000  years  have  elapsed  since  die 
period  of  the  deluge,  which  agrees  with  die 
Mosaic  epoch  of  tlut  catastrophe. 

GERMINATION.  The  vital  develop, 
mcnt  of  a  seed,  when  it  first  hcgtoM  to  grow. 

OIBBSITE.  This  mineral  comnxmly 
occurs  in  irr^ular  stalactites  from  one  to  three 
inches  in  length,  and  not  less  than  an  inch  in 
diameter.  SomeUmcs  in  large  tuberous  masMs. 
Structure  indistinctly  fibrous.  S<Mnewliat 
harder  than  calcareous  spar.  Sli^dy  trans- 
lucent Of  a  dirty  white  colour.  Sp.  grav. 
2.4a  It  contoins  alumina  64.8,  water  34.7- 
Infusible  before  the  blowpipe.  It  b  found  at 
Richmond  in  Massachusets,  N.  America,  in 
a  neglected  mine  of  brown  hsematite  ore. 
PhiUipg'  Mincralcgy. 

OIESECKITB.  The  name  nven  by 
Stromeyer  to  a  mineral  discovered  by  M. 
Giesecke,  of  a  grey  and  brown  oobor,  white 
streak,  and  specific  gravity  2.7  to  2.9.  It 
belongs  to  the  rhomboidal  system  of  Mohs. 
Its  form  is  designated  R  —  qq,  R  +  QC- 
No  cleavage. 

GILDING.  The  art  of  covering  the  sur- 
faces of  bodies  with  gold. 

The  gold  prepared  for  painting  is  called 
shell-gold  or  gold-powder,  and  may  be  obtained 
by  amalgamating  one  part  of  gold  with  eight 
of  quicksilver,  and  afterward  evaporating  the 
latter,  which  leaves  the  gold  in  the  form  of 
powder ;  or  otherwise  the  metal  may  be  reduced 
to  powder  by  mechanical  trituration.  For 
this  purpose,  gdd  leaf  must  be  ground  with 
honey  or  strong  gum. water  for  a  long  thne; 
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•nd  when  the  powte  m  fufldcnify  fiat,  the 
honey  or  gam  maj  he  veshed  off  with  water. 
For  gold  gfldmg  hy  Mctioo,  a  fine  linen  rag 
u  steeped  in  a  wtiiiated  nlntidh  of  gold  till  U 
has  entirely  imbibed  the  liquor  i  this  rag  Is 
then  dried  oTer  a  fire,  and  afterward  baraed 
to  tinder.  Now,  when  any  thing  Is  to  be 
gilded«  it  must  be  perionsly  wdl  bumi&hed ; 
a  piece  of  oork  is  tnen  to  be  dipped,  first  into 
a  aohition  of  sslt  in  water,  and  afterward  into 
the  black  powder;  and  the  piece,  after  it  is 
bumiafaed,  nibbed  with  it 

For  water  gilding,  the  solution  of  gold  may 
be  erapcnated  till  it  is  of  an  oily  consistence, 
Bufiered  to  erysUlUse,  and  the  crystals  dis. 
solved  in  water  be  employed  instead  of  the 
acid  sohitson.  If  this  be  copiously  dflut«l 
with  alcohol,  a  piece  of  deM  iron  will  be 
gilded  by  being  steeped  therein.  Or  add  to 
die  soladon  about  three  times  its  onantity  of 
sulphuric  ether,  which  will  soon  take  up  the 
nitto-monate  of  gold,  leaving  the  aetd  oMOur. 
less  at  the  bottom  of  the  Tessel,  which  must 
then  be  drawn  o£  Steel  dipped  into  the 
ethereal  solution  for  a  moment,  and  instantly 
washed  in  dean  water,  will  be  completdy  and 
beantiftiUy  oorered  with  gold.  The  surftce 
of  the  steel  must  be  well  polished,  and  wiped 
very  dean. 

For  die  method  called  Gredan  gilding, 
equal  parts  of  sd  ammoniac  and  corrosive 
suliliniate  are  diasdved  in  nitric  acid,  and  a 
solution  of  gdd  is  made  in  this  menstruum  s 
upon  this  die  sdution  is  somewhat  eonceo- 
tmted,  and  applied  to  the  surface  of  silver, 
whidi  becomes  quite  Uack ;  but,  on  being  ex- 
poned  to  a  red  heat,  it  assumes  die  appearance 
of  gilding. 

The  mediod  of  gilding  nlver,  bnus,  or 
copper,  by  an  ama^am,  is  as  follows ;  Eight 
psTts  of  mercury,  and  one  of  gold,  are  incoiv 
ponuted  together  by  heating  them  in  a  crucible. 
As  soon  as  tiie  gdd  is  penfecdy  dissdved,  the 
miztuie  is  poured  into  cold  water,  and  is  then 
ready  ibr  use. 

Befcre  the  amdsam  ean  be  laid  upon  the 
euiftee  of  the  metsl,  this  last  is  brushed  over 
widi  dilute  aquafortis,  hi  which  it  is  of  ad- 
vantage  that  some  mercuiy  may  have  been 
dissdved.  Some  artists  then  wash  tlie  metd 
in  foir  water,  and  scour  it  a  little  widi  fine 
•end,  Mevioos  to  die  application  of  the  gold ; 
but  others  ttpphr  it  to  the  metd  while  still  wet 
^^  the  aquafortis.  But  In  either  case  the 
M&elgam  must  be  had  on  as  uniformly  as 
pcMlble,  and  spread  very  evf&ly  with  a  braes- 
^he  biSik,  wetted  from  time  to  time  with  fair 
water.  ^Phe  piece  is  then  hud  upon  a  grate 
over  a  charcoal  fire,  or  in  a  small  oven  or 
fonuMS  adiqpted  to  this  purpose.  The  heat 
dvhres  off  the  mercury,  and  leaves  die  gold 
Mind.  Its  defects  are  then  seen,  and  may 
be  temsdled  by  successive  applications  of  mere 
JJlJBilgatB,  and  additiond  application  of  heat. 
«ie  eipot  artisls,  however,  mdie  these  ad- 


ditiood  applications  while  the  piece  nmams 
in  the  ipmaca,  thouj^  the  practice  is  said  to 
be  highly  noxious  on  account  of  the  mercurid 
fomes.  After  Uiis  it  is  rubbed  with  gilders* 
wax,  which  may  consist  of  four  ounces  of  bees* 
wax,  one  ounce  of  verdigris,  and  one  ounce  of 
sdpbate  of  copper;  then  expose  it  to  a  red 
heat,  which  bnnis  off  the  wax ;  and,  lastiv^ 
the  work  is  deared  with  the  scratch  brush, 
and  burnished,  if  necessary,  with  a  steel  tool* 
The  use  of  the  wax  seems  to  consist  merely  in 
covering  defects,  by  the  diffiision  of  a  quantity 
of  red  oxide  of  copper,  which  is  left  behind 
after  the  bumhig. 

The  gilding  of  iron  by  mere  )mA  is  per« 
formed  bv  doming  and  polishing  its  surface, 
and  then  beating  it  till  it  has  scquiied  a  blue 
colour.  When  this  has  been  done,  the  first 
layer  of  gold  lesf  is  put  on,  slightiy  bumidied 
down,  and  exposed  to  a  gende  fire.  It  in 
uBud  to  give  three  such  layers,  or  four  at  the 
most,  each  consisting  of  a  single  leaf  for  com- 
mon  works,  or  two  for  extraordinary  ones. 
The  heating  is  repeated  at  each  layer,  and  last 
of  sll  the  work  is  burnished. 

The  gilding  of  buttons  is  done  in  tie  foft* 
lowing  way :  When  the  buttons,  which  are  of 
copper,  are  made,  they  are  dipped  into  dilute 
nitnc  add  to  dean  them,  and  then  bumidied 
with  a  hard  black  stone.  They  are  then  put 
into  a  nibric  solution  of  mercury,  and  stirred 
about  with  a  brush  till  they  are  quite  white. 
An  amalgam  of  gold  and  mercury  is  then  put 
into  an  esrtfaen  vessel  inth  a  small  quantity  of 
dilute  nitric  acid,  and  in  this  mixture  the 
buttons  sie  stirred,  till  the  gold  attaches  to 
their  surface.  Th^  are  then  heated  over  the 
£re,  till  the  mercuiy  begins  to  run,  when  they 
are  tiirown  into  a  large  cap  made  of  coarse 
.wool  and  goat's  hair,  and  in  this  they  are 
stined  about  with  a  brush.  The  mercury  is 
then  volatilised  by  heating  over  the  fire  in  a 
pan,  to  the  loss  of  the  artide,  and  injury  of  the 
workmen's  hedth;  though  the  greater  part 
might  be  recovered,  with  less  injury  to  the 
operators.  By  Act  of  Parliament,  a  gross  of 
buttons,  of  an  inch  diameter,  are  required  to 
have  five  grains  of  gold  on  them ;  but  many 
are  deficient  even  of  this  small  quantity. 

Painting  witii  gold  upon  porcelain  or  glass 
is  done  witii  the  powder  of  gold,  which  remains 
behind  dter  distilling  the  aqua  regia  from  a 
solution  of  that  metd.  It  is  laid  on  with  bo- 
rax and  gum  water,  burned  in,  and  polished. 
The  gilding  of  glass  is  cotnmonly  effected  by 
covering  the  part  with  a  solution  of  borax, 
and  applying  gold  leaf  upon  it,  which  is  after* 
ward  fixed  by  burning. 

Gilding  in  oil  is  performed  by  means  of  a 
paint  Ida  under  the  name  of  gold  size.  It 
consists  of  drying  oil,  (tiiat  is  to  say,  linseed 
oil  boiled  upon  litharge),  and  mixed  witii  yel- 
low ochre.  It  is  said  to  improve  in  its  quality 
by  keeping.  This  is  Idd  upon  the  work ;  and 
when  it  has  become  so  dry  as  to  adhere  to  the 
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fingen  widwiit  soOing  them,  the  gold  leaf  is 
Udd  OD,  and  pressed  down  with  cotton..  This 
method  of  gildhig  is  proper  for  work  intended 
to  be  exposed  to  the  weather. 

The  method  of  gildiog  in  burnished  gold 
consists  in  covering  die  work  with  pardmient 
size  and  whiting,  thinly  laid  on  at  five  or  six 
difioent  times.  ^This  is  covered  with  a  jeUow 
size  made  of  Armenian  bole,  a  Httle  wax,  and 
some  parchment  size ;  but  in  this,  as  in  most 
other  compositions  used  in  the  arts,  there  are 
variations  which  depend  on  the  skill  or  the  ca. 
price  of  the  artists.  When  the  size  is  diy,  the 
gold  is  applied  upon  the  surface  previously 
wetted  wflMear  water.  A  certain  number  of 
hours  after  this  application,  but  previous  to  the 
perfect  hardo^g  of  the  composition,  the  gold 
may  be  very  hi^y  burnished  with  a  tool  of 
agate  made  for  this  purpose.  This  gikiing  is  fit 
only  forwork  witldn  doors ;  for  it  readily  comes 
alFupoD  being  wetted. 

The  edges  of  the  leaves  of  books  are  gilded 
by  applying  a  composition  of  one  part  Arme- 
nian bole,  and  one  quarter  of  a  part  of  sugar- 
Gwdi^  ground  together  with  wliite  of  eggs. 
This  is  burnished  while  the  book  remains  in 
the  press,  and  the  gold  is  laid  on  by  means  of 
a  little  water. 

Leather  is  gilded  either  with  leaf.brass  at 
silvor,  but  most  commonly  by  the  latter,  in 
which  case  a  gold-coloured  varnish  is  laid  over 
the  metal.  Tin.foil  may  be  used  instead  of 
silver-  leaf  for  this  leRS|itofect  gilding  upon  such 
works  as  do  not  possess  flexibility. 

GISMONDINE.    Abrazite. 
.  OLACIES  MARIiE.    Mica. 

GLANCE.  The  name  annexed  to  certain 
minerals  which  have  a  metallic  or  pseudo* 
metallic  lustre.  Thus  we  see  glance-coal,  lead- 
glance,  antimony-glance,  &c. 

GLASS.  Most  of  the  treatises  which  I  have 
seen  on  the  manufacture  of  gloss,  illustrate  a 
well  known  position,  that  it  is  easy  to  write  a 
large  volume,  which  shall  communicate  no  d^ 
finite  information.  There  are  five  distinct 
kinds  of  glass  at  present  manufactured  : — 

1.  Flint  glass,  or  glass  of  lead. 

2.  Plate  glass,  or  glass  of  pure  soda. 
2(.  Crown  glass,  tl^  best  window-glass. 

4.  Broad  glass,  a  coarse  window-glass. 

5.  Bottle,  or  coarse  green  glass. 

!•  Flint  GUuM^  so  named  because  the  silice- 
ous ingredient  was  originally  employed  in  the 
form  of  ground  flints.  It  is  now  naade  of  the 
following  composition :  — 

Punfied  Lynn  sand,  100  parts 

Litharge  or  red  lead,  60 

Purified  pearl  ash,  30 

To  correct  the  green  colour  derived  from 
combustible  matter,  or  oxide  of  iron,  a  little 
black  oxide  of.  manganese  is  added,  and  some- 
times nitre  and  arsenic.  The  fusion  is  a(xxNa- 
pli!ihc(i  usually  in  about  thirty  hours. 

2.  Vlnte  Gfass.  Good  carbonate  of  soda 
procured  by  ikcouiposiug  common  salt  with 


pearlMbyisempkiyedastlieflux.  Thepnipoi^ 

tion  of  the  materials  is, 
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Dry  subcarbonate  of  soda,  S6-<6 

Pure  quicklime,  4* 

Nitre  1*5 

Broken  plate  g^ass,  S6<0 

100-0 

About  seventy  parts  of  good  piste  ^Mm 
may  be  run  off  from  these  materials. 

3.  Crotm,  or  Jine  window^giass,  Tbisift 
made  of  sand  vitrified  by  the  impute  faaxiZIa, 
manufkctuxed  by  incineration  of  sea  weed  en 
the  Scotch  and  Irish  shares.  The  hhmI  ap. 
proved  ccNBiposition  is, 

By  measure.  By  weighL 

Fine  sand  punfied,  5  ^  200 
Best  kdp  ground,  11  >-  330 
These  ingredients  sie  mixed,  and  tfan 
thrown  into  3ie  fritting  arch,  where  tiie  sul- 
phur of  the  kelp  is  dissipated,  and  the  matten 
are  thoroughly  incorporated,  fonnii^,  when 
withdrawn  at  the  end  of  four  honis,  a  gtcyisb- 
white  tough  mass,  whidi  is  cut  into  bock- 
shaped  pieces,  and  after  coQcrction  and  oot^ng, 
piled  up  for  use.  By  long  keeping  a  aoda 
efflorescence  forms  on  their  surfiuse.  They  an 
then  supposed  to  have  become  mote  vabuble. 
These  bricks  are  put  into  the  mdtiiig.po(a, 
and  sometimes  a  proportioD  of  ooDunoD  salt 
is  thrown  in  towsrds  me  end  of  the  operatioQ, 
if  the  vitrification  has  been  imperfect  Unds 
the  articLe  Sulfhate  of  9oda^  in  this  DicciaB. 
any,  retained  from  the  old  editioo,  there  is  the 
foUowmg  sentence.  ^'  Ptjoi  des  Chsnnes  has 
made  some  experiments  on  it  in  fahricatmg 
glass ;  with  sand  alone  it  would  not  8aeoee£ 
but  equal  parts  of  carbonate  of  lime,  sand,  and 
dried  sulphate  of  soda,  pnoduoed  a  dear,  aolid, 
pale  yellow  glass.**  In  the  Annals  of  Philo^ 
sophy  for  Jan.  1817,  we  find  the  following 
notice  from  Schwcigger*s  Jounal,  zv«  80.2 
Gehlen,  some  time  before  his  deaih,  was  occd- 
pied  with  experiments  on  the  piepsntioa  gf 
glass,  by  means  of  sulphate  of  sodiL  Profea- 
sor  Schweigger  has  lately  published  the  lesuk 
of  his  trials.  He  found  that  the  fiiBoving 
proportions  were  the  best  :•« 

Saud,        ...         100 

Dry  sulphate  of  soda,    •        60 

Dry  quicklime  in  powder,  .    17  to  90 

Charcoal,      ...         4 

^  This  mixture  always  gives  a  very  good  g)aas 
without  any  addition  whatever.  Daring  the 
fusion,  the  sulphuric  add  is  decomposed  and 
driven  off,  and  the  soda  unites  with  ike  sifica. 
The  sulphate  of  soda  vitrifiea  very  impeiftetly, 
when  mixed  alone  with  tiie  silica.  The  vitri- 
fication succeeds  better  when  qaiddime  is 
added;  and  it  succeeds  completely,  whathe 
proportion  of  charcoal  in  the  fonmJa  is  added; 
because  the  sulphuric  add  is  therdnr<  deooss- 
posod  and  dissipated.  This  dcoempoa^on  may 
be  dtner  effected  during  the  nudoog*  of  the 
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glass,  or  before,  at  ibe  plcasme  of  Ihe  work': 
men. 

4.  Broad  GUut.  This  »  made  of  a  mix- 
ture of  aoap-boilen'  waste,  kelp,  and  sand. 
The  first  ingredient  consists  of  lime  used  fior 
rendering  the  alkali  of  the  soap-boiler  caustic, 
the  insoluble  matter  of  his  kdp  or  barilla,  and 
a  quantity  of  salt  and  water*  all  in  a  pasty  state. 
The  proportions  necessaiily  vary.  2  of  the 
waste,  1  of  kelp,  and  1  of  sand,  form  a  pretty 
good  broad  glass.  They  are  mixed  together, 
dried,  and  intted. 

6.  Bottle  Glau  is  the  coarsest  kind.  It  is 
made  of  soaper's  waste  sad  Hyct  sand,  in  pro- 
portiona  whidi  practice  most  determine  accord- 
ing to  the  quantity  of  the  waste ;  some  soap, 
boilers  extracting  more  saline  matter,  and  other 
less  from  their  kelps.  Common  sand  and  lime, 
with  a  little  common  day  and  sea  salt,  form  a 
cheap  mixture  for  bottle  glass. 

As  far  as  observation  has  hitherto  direeted 
us,  it  appears  to  be  a  general  rule,  tiiat  the 
hardness,  biittleness,  eksticity,  and  other  me- 
chanical properties  of  congealed  bodies,  are 
greatly  affected  by  the  degree  of  rapidity  with 
whidi  they  assume  the  solM  state.  This,  which 
no  doubt  is  referable  to  the  property  of  crystal- 
lisatioii,  and  its  vazions  modes,  is  rcmaikably 
seen  in  steel  and  other  metals,  and  seems  to 
obtain  in  glass.    When  a  drop  of  glass  is  suf- 
fered to  fidl  into  water,  it  is  found  to  possess 
tile  remarkable  property  of  flying  into  minute 
pieces,  the  instant  a  small  part  of  the  tail  is 
broken  off.    This,  which  is  commonly  distin- 
guished by  the  name  of  Prince  Rupert's  drop, 
is  similar  to  the  philosophical  phiu,  which  is 
a  small  Teasel  of  thick  glass  suddenly  cooled 
by  expoeur^o  the  air.  Such  a  vessel  possesses 
the  propernr  of  flying  in  pieces  when  the  small, 
est  piece  <n  flint  or  angulsr  pebble  is  let  fall 
into  it,  though  a  leaden  buUet  may  be  dropped 
into  it  from   some  height   without  injury. 
Many  explanations  have  been  offered,  to  ac- 
count for  these  and  other  similar  appeanoces, 
by  referring  to  a  supposed   mechaiiism  or 
nrangement  of  the  particles,  or  sudden  con- 
finement of  the  matter  of  heat. 

The  immediate  cause,  however,  appears  to 
be  derived  fhim  the  fact,  that  the  dimensions 
of  bodies  suddenly  cooled  remain  larger  than 
if  the  refrigeration  bad  been  more  gradual 
Thus  the  apecific  gravity  of  steel  hardened  by 
Kudden  coimig  in  water  is  less,  and  its  di- 
niensions  consequently  greater  than  that  of 
the  same  steel  gndumy  cooled.  It  is  more 
than  probable,  that  an  effect  of  the  same 
iistnre  Stains  in  glass ;  so  that  the  dimen- 
sions of  the  extemid  and  suddenly  cooled  sur- 
&oe  remain  larger  than  are  suited  to  the  ac 
cutau  envelopment  of  the  interior  part,  which 
i>  l«ss  slowly  cooled.  In  most  of  the  metals, 
the  degree  of  flexibility  they  possess,  must  be 
sufBcioit  to  remedy  this  inaccuracy  as  it  takes 
P^ ;  but  in  glass,  which,  though  very  clastic 
and  flexible,  is  likewise  exoessivdy  brittle,  the 


adaptatkm  of  the  ports,  urged  difeent  ways 
by  their  disposition  to  retain  their  respectiTa 
dimensions,  and  Ukewise  to  remain  in  contact 
by  virtue  of  the  coheaive  attraction,  can  be 
maintained  only  by  an  elastic  yielding  of  the 
whole,  as  far  as  may  be,  which  wiU  therefow 
remain  in  a  state  of  tension.  It  is  not  there- 
fore to  be  wondered  at  that  a  solution  of  con- 
tinuity of  any  part  of  the  surface  should  destroy 
this  equilibrium  of  elasticity;  and  that  the 
sudden  action  of  all  die  ptuts  at  once  of  so 
brittle  a  material  should  destroy  the  continui^ 
of  the  whole,  instead  of  producing  an  equih- 
brium  of  any  other  kind.  . 
*  Though  the  facts  rdating  to^^lii  disposi- 
tion of  ^ass  too  suddenly  cooled  se  numerous 
and  mterestsng  to  the  philosopher,  yet  they 
constitute  a  serious  evU  with  respect  to  iae 
uses  of  this  excellent  materiaL  The  remedy 
of  the  glass-maker  consists  in  annealing  the 
several  articles,  which  is  done  by  pladlsg  thstti 
m  a  flimace  near  Ae  furnace  of  fusion.  The 
passes  are  first  put  into  the  hottest  part  of 
wis  fiimaoe,  and  gradually  removed  to  the 
cooler  parts  at  regolar  intervals  of  time*  1^ 
this  means  the  glass  cools  very  slowly  thiougK. 
out,  and  is  fa  a  great  measure  free  from  the 
defects  of  glass  which  has  been  too  hastily 
eookd. 

M.  Reaumur  was  the  fiist  who  made  any 
direct  experiments  upon  the  conversion  of 
glass  into  porcelain.  Instances  of  this  effect 
may  be  observed  amovg  the  rubbish  of  brick- 
kilos,  where  pieces  ot*  green  bottles  are  not 
unfrequently  subjected  by  accident  to  the  re- 
quisite heat ;  but  the  direct  process  is  as  fol- 
lows: A  vessel  of  green  ghissis  tobefilledup 
to  the  top  with  a  xmxture  of  white  sand  and 
gypsum,  and  then  set  in  a  large  crucible  upon 
a  quantity  of  the  same  mixmre,  with  which 
Uie  glass  vessels  must  also  be  sunounded  and 
covmd  over,  and  the  whole  pressed  down 
rather  hard.  The  crucible  is  then  to  be  covered 
with  a  lid,  the  junctures  well  luted,  and  put 
into  a  potter's  kiln,  where  it  must  remain 
during  the  whole  time  that  the  pottery  is 
baking,  after  wfaidi  the  glass  vessel  will  be 
found  transformed  into  a  milk-white  porcelain. 
The  ghun,  on  fracture,  appears  fibrous,  as  if  it 
were  composed  merely  of  silken  threads  laid 
by  the  side  of  each  odier :  it  has  also  quite 
lost  the  smooth  and  shining  appearance  of 
glass,  is  very  hard,  and  emits  sparks  of  fire 
when  struck  with  steel,  though  not  so  briskly 
as  real  porcelain.  Lewis  observed  that  th^ 
above-mentioned  materials  have  not  exclu- 
sively this  efEect  upon  glass;  but  that  pow- 
dered charcoal,  soot,  tobacco-pipe  day,  and 
bone-ashes,  produce  the  same  change.  It  is 
remarkable  that  the  surrounding  sand  becomes 
in  some  measure  agglutinated  by  this  proceM, 
which,  if  oontinuS  for  a  suflkient  loigth  oi 
time,  entirely  destioys  the  texture  of  the  glass, 
and  renders  it  pulverulent. 

The  ancient  stained  gkas  has  been  much 
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•hsMtf  nd  bcantiflil  paandogi  ob  diit  nb* 
•tanee  faanre  been  ptoduoed  of  liUe  yem.  The 
celdms  ere  of  tiie  natiue  of  thoee  used  in 
enemriling,  and  the  glass  should  haTo  no  lead 
in  its  oompositko.  M.  Brogniart  has  made 
nany  experimenta  on  this  sa^ect  The  pur- 
ple ii  Casstus,  mixed  with  six  parts  of  a  flax 
eompoeed  of  borax  and  ghuis  made  with  silex 
and  lead,  pmducea  a  feiy  beantlful  violet,  but 
liable  to  torn  Uue.  Red  oxide  of  iron,  pre- 
pared  b j  means  of  the  nitric  add  and  suhee- 


quent  expoaare  to  in^  and  mixed  with  a  flnx 
of  boiax,  sand,  and  a  small  portion  of  mininni, 
produces  a  fine  red.  Muriate  of  sihrw,  oxide 
of  anc,  Mbte  dav,  and  the  yellow  oxide  of 
Iron,  mixed  together  without  any  flux,  pro* 
duce  a  yellow,  light  or  deep,  aoooiding  to  the 
quantity  laid  on,  and  equal  in  bean^  to  that 
of  the  ndents.  A  powder  ronahia  on  the 
•urface  after  baldng,  which  may  easflv  be 
Cleaned  offi  Bine  la  produced  by  oxide  of 
cobalt,  with  a  flux  of  suex,  potash,  and  lea^ 
To  produce  a  green,  hlue  must  be  put  on  one 
side  of  the  glan,  and  ydlow  on  the  oUier;  or 
«  Hm  may  be  mixed  with  yellow  oxide  of 
iron.  Black  ia  made  by  a  mixture  of  Uue 
with  the  oxides  of  manganese  and  iron. 
.  The  bending  of  the  ^Uss,  and  alteration  of 
the  colours  in  baking,  are  particularly  to  be 
avoided,  and  require  much  care^  Gypsum  has 
been  recommended  for  thdr  support,  but  this 
frequently  renders  tiie  |^as8  white,  and  cracked 
in  an  directions,  proUhy  from  the  action  of 
the  hot  sulphuric  acid  on  the  alkali  in  the 
•glass.  M.  Brogniart  placed  his  plates  of  ghaa, 
aome  of  them  much  larger  than  any  ever  l^oro 
painted,  pn  very  smooth  plates  of  earth  or 
porcdain  unglazed,  which  he  found  to  answv 
extremely  well. 

GLAUBER  SALT.  Native  sulphate  of 
soda.  Its  colonn  are  greyish  and  ycllowish- 
white.  It  occurs  in  mealy  effloresoenoes^ 
mismatic  CIystah^  and  imitative  shapes. 
Lustre  vitreous.  Cleavage  threefold.  Fnxime 
eonchoidal.  Soft.  Brittle.  Sp.  gr.  2>2  to  2-3. 
Taste  at  first  cooling,  then  saline  and  bitter. 
Its  solution  does  not,  like  that  of  Epsom  salt, 
afibtd  a  precipitate  with  an  alkali  Its  consti- 
tuents are,  sulphate  of  soda  6?  I  carbonate  of 
Boda  16^;  muriate  of  soda  11 ;  carbonate  of 
lime  ^&i.  It  occon  along  with  rock  salt  and 
Epsom  salt,  on  the  borders  of  salt  lakes,  and 
dissolved  in  the  waten  of  lakes  and  the  ocean ; 
In  ^iorescenoea  on  moorish  ground ;  also  on 
aandatone,  marl.4lale,  and  waUa.  It  la  found 
atEgerin  Bohemia,  on  meadow-ground,  as  an 
cfflfltescence^  and  in  galloies  of  mines  in  seve- 
ral places.— -«7<mier<Mi. 

GLAUBERITE.  Cokmrs  greyish-white, 
and  wine»yeUow.  Crystallised  in  very  low 
oldlmie  lbttr«sided  priams,  the  lateral  edges  of 
whiflh  are  104*  SIS',  and  7fio  92f.  Lateral 
plaoea  tranvcndy  streaked :  teimhial  planes 
nnooth.  Shinmg.  Ffaetnre  filiated  or  conchof. 
daL  SoAar  than  calcareous  spar.  Transparent 
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bbwpipe,  and  meka  into  white  enaBcl.  In 
water  it  beeonies  opaque,  and  is  partly  aohilile. 
Its  constituents  are,  diysubhate  of  lime  49; 
dry  salphataofsodadl.  It  is  fiwad  imbed, 
ded  in  rock  salt,  at  Villaruba,  near  Ocaon,  in 
New  Castite  m  Spain,  ■  Jametoiu 

GLAZING.   SeaPoTTJERT. 

GLIMMER.  A  name  orcaaionally  appJBed 
to  micaceous  eartiis. 

GLIADINE.  See  Gluteii. 

GLUCINA.  Ibis  esrth  was  disoovcnd  by 
Vauqudin,  fint  fai  theaquamaana,  and  after- 
ward  in  the  emerald,  in  the  winter  of  179S. 
Its  name  is  derived  from  its  distingnislm^ 
characrer  of  fonning  with  adda  salts  that  are 
sweet  to  the  taste.  The  following  is  his  mew 
diod  of  obtaining  its — 

Let  100  parts  of  beryl  or  emendd  be  sedooed 
to  a  fine  powder;  and  fused  ina  silver  cmdble 
with  300  of  pure  potash.  |jet  the  niaaa  be 
difiused  in  water,  and  dissolved  by  adding 
muriatic  add.  Evapoiate  the  solution,  taioDg 
csre  to  stir  it  toward  the  end:  mix  the  vesidtt- 
nm  with  a  laige  quantity  of  water,  and  filter, 
to  separate  the  sitex.  Precipitate  the  filtered 
liquor  which  contains  the  muriates  of  afannina 
and  i^ndna,  with  carbonate  of  potash  ;  vaafa 
the  prednitate,  and  dissolve  it  in  sulphuric 
add.  Add  a  certain  quantity  of  sulphate  of 
potash,  evaporate,  and  crystab  of  alum  will 
be  obtdned.  When  no  more  alum  is  sflfotded 
by  adding  sulphate  of  potash  and  aviqwrnting^ 
add  solution  w  carbonate  of  ammonia  in  excess, 
ahake  the  mixture  wdl,  and  let  it  stand  aome 
houn,  tiU  the  glodna  is  redissolved  by  the  ex- 
cess of  csrbonate  of  ammonia,  and  Doching 
but  the  alumina  remains  at  the  Bottom  of  the 
vesseL  Filter  the  solution,  evaporate  to  dfyDess 
and  expd  the  add  firom  the  carbonate  of  glu. 
dna,  by  slight  ignition  in  a  cmdble.  Thus 
16  or  16  per  cent,  of  pure  gludna  wiU  be 
obtained. 

Ghicfaia  thus  obtafaied  is  a  white,  aolt 
powder,  light,  mdpid,  and  adhering  to  the 
tongue.  It  does  not  change  vegetable  blues. 
It  does  not  harden,  slnmk,  or  agglutinate  by 
heat;  and  is  iofiisible.  It  is  insoluble  in 
water,  but  forms  with  it  a  sliffhdy  ductile 
paste.  It  is  dissolved  by  potashyraoda,  and 
carbonate  of  ammonia ;  but  not  by  pure  am- 
monia.  It  unites  with  sulphuretted  hydrogen. 
Its  salts  have  a  saccharine  taste,  with  some- 
what  of  astringency.    See  Salt. 

Sir  U.  Davy's  researches  have  rendered  it 
more  than  probable,  that  glucina  is  a  compound 
of  oxygen,  and  a  peculiar  metallic  aubstanoe, 
which  may  be  called  glucinum.  By  heating 
it  aknff  with  pocsssium,  the  hutar  was  coa- 
verted  for  the  most  part  into  potash;  anddaric 
oolooredpartides,  havingametallicappearanoe^ 
were  found  diifiised  throu^  the  mass,  which 
regained  the  earthy  dianctcr  by  bdtag  hcaced 
intfaeair,  and  by  the  action  of  water.  In  this 
last  case,  hydrogen  was  slowly  disengaged. 


GLU 


507 


GLU 


A'eeordinff  to  8b  H.  Dtfy,  the  prime  «{tilira. 
lent  of  g:fiiciiia  would  be  S.6  on  the  oxygen 
scale,  and  tiiat  of  gludntim  2.6.  These  are 
rcTj  nearly  the  equiyalents  of  lime  and  ca]« 
cium.  Ftom  tfaft  comporidon  of  die  sulphate, 
Benelius  infers  die  equiyaleot  to  be  3.2,  and 
that  of  its  basis  2.2. 

OLiUB.    An  hispisMitea  jeUymade  fhxn 

the  patings  of  Udeft  and  other  oflkb,  by  boQ- 

ing  them  in  water,  strafaiine  through  a  wicker 

basket,  sufibring  the  impundes  to  snbiide,  and 

then  boiling  it  a  second  dme.    The  arddei 

ahould    first  be  digested  in  Kme  water,  to 

cleanse    them  from  grease  and  dirt;   then 

steeped  in  water,  stirring  them  well  ftom  dme 

\o  dme  ;  and  lasdy,  Udd  in  a  heap,  to  have 

the  water  pressed  out,  before  they  are  put  into 

the  boiler.    Some  recommend,  that  the  water 

should  be  kept  as  nearly  as  possible  to  a 

boiling  heal,  without  suilerlng  it  to  enter  into 

ebullition.     In  this  state  it  is  poured  into  flat 

fhonei  or  moulds,  then  cot  into  square  piecei 

when   congealed,  and  afterward  dried  in  a 

coarse  net.    It  is  said  to  improve  by  age ;  and 

that  slue  is  reckoned  the  best,  which  swells 

consioerablr  without  dissolving  by  three  or 

four  days*  ufuskm  in  cold  water,  and  recovers 

its    former    dimensions   iuid   properties   by 

drying. 

Shreds  or  parings  of  vellum,  parchment,  ct 
white  leather,  make  a  dear  and  almost  colour- 
less glue. 

GLUTEN  (VEGETABLE).    If  wheat- 
flour  be  made  into  a  paste,  and  washed  in  a 
large  quandty  of  water,  It  is  lepaxated  into 
three    dbtlnct   substances;    a  mucilaginous 
saccharine  matter,  which  is  readily  dissolved 
in  the  liquor,  and  may  be  separated  fiom  it 
by  evaporation ;  starch,  which  is  suspended  in 
the  fluid,  and  subsides  to  the  bottom  by  repose ; 
and  gluten,  which  remains  in  die  hand,  and 
te  tenacious,  very  ducdh,  somewhat  elasdc, 
and  of  a  brown-grey  colour.     The  first  of 
these  substances  does  not  essentially  differ 
from  other  saccharine  mucilages.  The  second, 
namely,  the  starch,  forms  a  glncy  fluid  by 
boiling  in  water,  though  it  is  scarcely,  if  at 
all,  acted  upon  by  that  fluid  when  cold.    Its 
habitudes  and  products  with  the  fire,  or  with 
nitric  acid,  are  tiearly  die  same  as  those  of 
gum  and  of  sugar.    It  appears  to  be  as  much 
more  rcnMte  iiom  the  saline  state  dian  gum, 
a^  gum  is  more  remote  from  that  state  than 
sugar. 

The  vegetable  gluten,  though  it  existed 
before  tfie  washing  in  the  pulverulent  form, 
md  his  acquired  its  tenacity  and  adhesive 
quafitiiB  from  the  water  it  hsM  unbibed,  is 
nevertheless  totally  insoluble  in  this  fluid. 
It  has  scarcely  sny  taste.  When  dry,  it  is 
'^emitraiftparent,  snd  resembles  glue  in  its 
colour  and  appearance.  If  it  be  drawn  out 
thin,  Vhcn  first  obtoined,  it  may  be  dried  by 
eipos^ti  to  die  air ;  but  if  it  be  exposed  to 


warmth  and  moisiuve  irhile  wot,  it  ] 
like  an  animal  sobstane&  The  T 
applied  to  the  flame  of  a  candle,  craekles, 
swells,  and  boms,  exacdy  like  a  ftadier,  or 
piece  of  hon.  It  affords  die  same  products 
by  destroctive  distilladon  as  aDimal  matlsn 
do ;  is  not  soluble  in  sloohol,  oys,  or  odier; 
and  is  acted  upon  by  adds  and  alkalis,  when 
heated.  According  to  Rouelle,  it  is  the  same 
with  die  caseous  substance  of  miUc 

Ghitem  of  Wheat.— M.  Taddey,  aa  Italian 
ehisnist,  has  laftiy  asescalned  that  the  g^ten 
of  wheat  may  be  decomposed  into  two  pind. 
pies,  which  he  has  distinguished  bytbo  names, 
i^HMne  (from  yXiff,  gluten),  4ia  zlmome 
(from  ^»^l),  feimsm)*  They  are  obtained 
fe  a  sepanto  state  by  kneading  die  fresh  gluten 
in  sneoessive  portions  of  •loohdl,*«s  long  as 
that  liquid  conthincs  to  bsoome  m^Ey,  when 
diluted  wfOi  water.  The  alodhdl  soludont 
bemg  set  aside,  gradually  deposit  a  whicidi 
matter,  consistiiig  of  small  fllamenis  of  gluten, 
and  beeorae  pert'ecdy  transpamt.  Bang  now 
left  to  dow  evaporadtn,  the  gliadine  remains 
beUbd,  of  the  consiscenoe  of  honey,  and  nlxtd 
with  a  litdc  y  dlow  resmooo  matter,  from  whidi 
it  may  be  fl«ed  br  digestion  in  sulphuric 
ether,  in  whidi  gamine  is  not  sensibly  sohible; 
The  portion  of  the  gluten  not  dissolved  by  the 
alcohol  is  the  vimoffM. 

Properiki  of  Gitadinf.^^Whm  dry,  it  has 
a  straw.yeliow  ooloitt»  sUghdy  transparent, 
laid  in  thin  plates,  ^Sritde,  having  a  slight 
smdl,  similar  to  that  of  honeycomb,  and,  when 
ali^dy  heated,  giving  out  an  odour  dmilar  to 
that  of  boiled  apples.  In  the  mouth,  it  becomes 
adhedve,  and  has  a  sweetish  and  balaamif 
taste.  It  is  pretty  sdluble  in  boiling  alcohol, 
which  loses  its  transparency  in  propordon  as  it 
cook,  and  dien  retains  only  a  small  quandty 
In  solndon.  It  forms  a  kind  of  varnish  on 
those  bodies  to  which  it  is  applied.  It  softens, 
bnt  does  not  dissolve  in  cold  distilled  water. 
iAi  a  boiling  heat  it  is  converted  into  flnoth, 
and  the  liquid  remains  slightly  milky.  It  is 
spedficdly  heavier  thim  water. 

The  alcoholic  solution  of  i^aadine  becomes 
milky  when  mixed  with  water,  and  is  pred- 
pitated  in  white  flocks  bv  the  alkaline  carbo- 
nates.  It  is  scarody  alrected  by  the  mineral 
and  vegetable  adds.  Dry  gUadine  dissolves 
ih  caustic  alkalis  and  in  adds.  It  swdls  upon 
red-hot  coals,  and  then  contracts  in  the  manner 
of  animal  snbstanoes.  It  bums.with  a  pretty 
Uvdy  flame,  and  leaves  behlDd  it  a  light 
spongy  charcoal,  difRoolt  to  indnente.  Glia^ 
(Kne,  in  some  respects,  smoaduo  die  pco. 
perties  of  lesios ;  but  dincfs  from  them  in 
bemg  insoluble  in  sulphuric  ether.  It  is  very 
seniibly  slfccted  by  the  infuskm  of  nat-gaUs. 
It  Is  capable  of  itself  of  undergoing  a  dow 
fkmentadon,  and  produoes  fefmentation  hi 
ssccharine  substances. 

From  die  flour  of  baiey,  rye,  or  oats,  no 
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gtafcm  can  be  extiseted,  as  ftom  that  of  wheat, 
probably  because  they  contain  too  small  a 
qnantity.    See  Zixome. 

GNEISS.  A  oompoand  rock,  oonsisthig 
of  felspar,  qoaitz,  and  mica,  disposed  in  dates, 
from  the  piWominanoe  of  the  mica  scales.  Its 
Btnictare  is  called  by  Werner,  granular-daty. 
This  geognosdc  formation  is  always  steatified ; 
oontains  sometimes  crystals  of  schorl,  tour, 
raaline,  and  gpniet,  and  is  peodiarly  rich  in 
metallic  ores. 

GOLD  is  a  yellow  metal,  of  specific  gravity 
laS.  It  is  soft,  very  toogfa,  ducti^  and 
malleable ;  rnialtaraUe  and  fixed,  whether 
exposed  to  4le  atmosphere,  or  to  the  strangest 
heat  of  iiimaoes.  Poweifiil  burning  minors 
have  volatilised  it;  and  it  has  bate  driven  upr 
in  fumes,  in  the  metaUic  state,  by  fiame  uiged 
upon  it  lar  a  stream  of  oxygen  gas.  The  ekc- 
tric  sbosK  converts  it  into  a  purple  oxide,  as 
ttuiy  be  seen  by  transmitting  that  oommotioD 
through  gold  leaf,  between  two  plates  of  ^ass; 
or  by  causing  the  exphmve  spark  of  tluee  or 
rooro  square  feet  of  coated  glass,  to  faU  upon 
ftgOdedsurfiwe.  A  heat  of  82°  W.  or  pcffaaps 
1S00«  F.  is  leouiied  to  mdt  it,  whidi  doea 
not  happen  till  after  igoitlan.  Ift  ooknir 
when  melted,  is  of  a  blnJ8h.fpreen ;  and  the 
same  oolottr  is  evJubited  by  light  transmitted 
through  gold  leaf. 

The  limits  of  the  ductility  and  malleability 
of  gold  are  not  known. 

The  method  of  extending  gold  used  by  the 
gold-beaters  consists  in  hanimering  a  number 
of  thin  rolled  plates  between,  skins  or.  animal 
membranes.  By  the  weight  and  measure  oi 
the  best  wrought  gold  leaf,  it  is  found,  that 
.one  grain  is  made  to  cover  56)  square  inches; 
and  from  the  specific  gravity  of  the  metid,  to> 
gether  with  this  admeasurement^  it  follows, 
that  the  leaf  itself  is  ^ffi^tnm  F^'^  ^^  ^  ^^^h 
thick.  This,  however,  is  not  the  limit  of  the 
malleability  of  gold ;  for  the  gold-  beaters  ted 
it  necessary  to  add  three  grains  of  copper  in 
the  ounce  to  harden  the  gdd,  which  odierwise 
would  pass  round  the  irregularities  of  the 
newest  skins,  and  not  over  tliem ;  and  in  using 
the  old  sldns,  which  are  not  so  perfect  and 
smooth,  they  proceed  so  far  as  to  add  twelve 
grains.  The  wire  which  is  used  by  the  lace, 
makers  is  drawn  ftom  an  ingot  of  silver,  pre- 
viously gilded.  ^  In  this  way,  from  the  known 
diameter  of  the  wire,  or  breadth  when  flattened, 
and  its  lenpfh,  togedier  with  the  quantity  of 
gold  used.  It  is  found,  by  computation,  that 
the  covering  of  gold  is  only  one  12th  part  of 
the  thickness  of  ffold.lea^  diough  it  stiU  is  so 
perfect  as  to  exhibit  no  cracks  whei  viewed 
by  a  micRMOOpe. 

No  add  acts  readily  upon  gold  but  aqua 

legia,  and  aqueous  cUorine.  >  Chromic  add 

added  to  the  muriatic  enables  it  to  dissolve 

gold. 

The  small  degree  of  concentiatioa  of  which 


aqueous  dklonne  Is  aaseeptlble*  and  ilie  im- 
pofeet  actbn  of  the  latter  adds,  lender  aqua 
regia  the  moat  ooBireme&t  aolveot  for  this 
metal. 

When  gold  is  inomcfsed  in  aqrn  icgia,  an 
efaqasoeoee  takes  place;  the  soLtioo  tinges 
anioud  matters  of  a  deep  pniple,  and  oonodes 
them.  By  careful  evapoimtion,  fine  oyaials 
of  a  topas  odour  are  obtained.  The  gold  is 
precipitated  from ita solvent,  by  agreatniDBber 
of  substances.  Lime  and  magnasia  pwrirantc 
itintfaeformofayeUowishpowder.  AJkalb 
exhibit  the  same  ai^peaiance ;  but  an  czc«» 
of  attali  redissolvca  the  prodpitate.  The 
predpitate  of  gold  obtained  from  aqoa  itp* 
by  the  addition  of  a  fixed  alkali  appeaza  to  be 
a  true  oxide,  and  is  soluble  in  the  sa^phnrie, 
nitric,  and  muriatic  adda;  from  which,  bow. 
ever,  it  separates  by  atan^ng,  or  by  evapeta- 
tion  of  the  acids.  Gallic  add  pRcipitatea-goki 
of  a  reddish  eoloor,  very  soluble  in  the  nitric 
add,  to  which  it  communicates  a  fuae  blue 
oolour. 

Ammonia  predpitates  the  solution- of  mid 
orach  more  readily  than  fixed  alkalis.  This 
pindpiute,  whicb  is  of  a  brown,  yeUov,  or 
orange  colour,  possesses  the  property  of  de- 
tonatinff  with  a  very  considerable  noise  when 
gently  heated.  It  is  known  by  the  name  of 
falmfnating  gold.  TbepNoeoceof  amnMmia 
is  neeeaiaiy  to  give  the  rahninating  property 
to  the  predpitate  of  gold ;  and  it  ^nll  be  pro- 
duced by  predpitating  it  wi«h  fixed  alkali, 
from  an  aqua  regia  previously  made  by  adding 
sal  ammoniac  to  nitric  add ;  or  by  predpitating 
the  gold  from  pure  aqua  legia,  by  meana  of 
sal  ammonia,  izistead  of  the  arnqpooia  alone. 
The  flihxdnaiing  gold  weighs  one-fouith  more 
than  the  gold  made  use  o£  A  oonsadembla 
dcgfee  oi  precaution  is  ncceamy  in  preparini^ 
this  substanc^.  It  ought  not  to  be  dried  but 
in  the  open  air,  at  a  distance  from  a  fire^  be- 
cause a  very  gentle  heat  may  csuse  it  to  explode. 
Sevend  &tai  acctdents  have  arisen  frmn  its 
explosioD,  in  conaeq^ence  of  the  friction  of 
ground  stoppers  in  bottles  containing  this 
substance,  of  which  a  small  portion  remained 
in  the  nedc. 

Fulminating  gold,  when  exposed  by  Ber- 
thollet  to  a  very  gende  heat  in  a  copper  tube, 
with  the  pneuuiadcal  appanttus  of  mercury, 
waa  deprived  of  its  fulminating  quality,  and 
converted  inio  an  oxide  at  the  same  time  that 
ammoniacal  gas  was  disoigaged.  From  this 
dangerous  experiment  it  is  ascertiined,  that 
fulminating  gold  consists  of  oxidi*  of  gold 
combined  wim  ammonia.  The  same  eminent 
philosopher  caused  fulminating  gold  to  ex- 
plode in  copper  vessels.  Nitrogen  gas  was 
disenoaged,  a  few  diojm  of  water  appeared, 
and  the  gold  was  reduced  to  the  metallic  fbmi. 
In  this  experiment  he  infers,  that  the  ammonia 
was  decomposed ;  that  the  nitrogen,  siiddenly 
assuming  tiie  daatic  state,  cauKd  tlas  explo- 
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sion,  wliile  the  my^  <if  ih«  oxide  united 
with  the  bi^dragen  ef  the  alkali,  and  fbrmcd 
the  water. 

This  satia&ctory  tfieory  was  still  farther 
confinned  hf  the  deeomposition  of  fuhniiiat- 
ing  gold«  which  takes  plaee  in  oonaeqaeDoe  of 
the  oction  of  the  oonoentiated'aulpharic  add, 
of  melted  salphur,  iU  oib,  and  ether;  all 
which  depriired  it  of  its  fulminating  quidity, 
by  combhihig  with  its  anwiKinia. 

Sulnhnieta  piecipitate  gaUd  from  its  solYent, 
the  mlkali  onitiiig  whh  the  add,  and  the  gold 
falling  down  combined  with  the  sulphur ;  of 
which,  howetcr,  it  mi^  be  depmed  by  mb» 
derate  heat. 

Moot  noetallic  snbstanoes  precipitBte  gold 
from  aqiin  regia :  lead,  iron,  and  silver,  pre. 
dpitute  it  of  a  deep  and  duU  puiple  colour; 
copper  and  iron  throw  it  down  in  its  metallic 
state;  hianrmth,  zinc,  and  merenry«  likewisB 
predpitaie  it.  A  plate  of  tin,  immersed  in  a 
aohi^OD  of  gold,  affMs  apurple  powder,  caBed 
the  purple  powder  of  Casdus,  which  is  used  to 
paint  in  flsiameL 

Ether,  naphtha,  and  eaential  oils,  lake  cold 
from  its  solTent,  and  from  liquoim,  which  baas 
been  called  poUble  gold.  The  gold  iHiidi  is 
predpttated  by  evaporation  of  these  fluids,  or 
by  the  addition  of  sulphate  of  inm  to  the  so- 
lution of  gold,  is  of  the  utmost  purity. 

Most  metsls  unite  with  gold  by  fusion. 
With  sUver  it  forms  a  compound,  which  is 
paler  in  ptoportion  to  the  quantity  of  direr 
added.  It  is  renwrkable,  that  a  oectain  pnv 
portion,  for  example  a  fifth  part,  renders  it 
greenish.  From  this  dreumstaace,  aa  well  as 
nom  thai  of  a  considerable  proportion  of  these 
metala  ttpoating  ftom  cacn  other  by  fuiioB, 
in  oonaBquenoe  of  Adr  difioeot  spedfic  giavi- 
tifls,  when  tbdr  proporlknui  do  not  greatly 
difa,  it  iboald  seem  that  thdr  u^ion  is  little 
more  than  a  mere  mixture  without  combine 
tion ;  Ibr,  as  gold  leaf  transmits  the  green  xsys 
of  light,  it  wffl  easily  follow,  that  iwrtieles  of 
silver,  envdoped  in  partidsa  of  gold,  wUl  re. 
fleet  a  gfeen  instead  of  a  white  U^ 

A  strong.heat  is  neeesaarr  to  combine  phu 
tina  with  gold :  it  greatly  alten  the  colour  of 
the  gold,  if  its  wei^t  exceed  the  fbity^seventh 
part  of  the  mass. 

Mevenry  ia  strongly  disposed  to  unite  with 
fioU,  in  all  papraprtions,  with  which  it  fbrms 
an  amalgam:  uds,  like  other  amalgams,  is 
wte  the  burger  the  propottion  cf  mcvcury. 
It  softens  dttd  liquefies  by  heat,  and  cr^tal- 
Uses  by  coeiling. 

I^ad  unites  with  gold,  and  considerahly 
■°npairi  it«  ductility,  one-fburth  of  a  grain  to 
«n  Ottnoe  «endcii]^  it  completely  brittle. 
CO|Ber  venders  gold  less  ductile,  haraer,  move 
nwle,  and  of  a  deeper  colour*  This  is  the 
ttsud  addition  in  coin,  and  other  arUdes  used 
»  *ods^«  Tin  tenders  it  bntsle  in  propor- 
^  to  itt  quantity ;  but  it  is  a  common  error 
of  chcbiical  writers  to  wty,  that  the  slightest 


addition  is  suffldent  for  this  purpoie.  When 
alloyed,  with  tin,  however,  it  will  not  bear  sf 
red  heat  With  iron  it  fbims  a  grey  mixture, 
which  obeys  the  magnet.  Thia  metal  is  very 
hard,  and  is  said  to  be  much  superior  to  sted 
fi)r  the  fabrication  of  cutting  instruments. 
Bismuth  renders  gold  white  «)d  brittle;  aa 
do  likewise  nidcd,  manganese,  anenic»  and 
antimony.  Zbc  produces  the  same  eflS»t{ 
and,  when  equal  in  weight  to  the  gold,  ametal 
of  a  fine  grain  is  produced,  which  is  said  to  be 
well  adapted  to  fmrn  the  minora  of  reflecting 
tdesoopes^  on  account  of  the  fine  polish  it  is 
susceptible  o^  and  its  not  being  subject  to 
tamidi.  The  alloys  of  gold  with  irfoIybdeDa 
are  not  known.  It  oould  not  be  mixed  with 
taogaten,  on  account  of  the  infusibility  of  this 
laat  substance.  Mr.  Hatchett  givsa  the  fol. 
lowing  order  of  difoent  metals,  arranged  aa 
they  diminhh  the  ductility  of  gold :  bivmuth, 
lead,  antimony,  arsenic,  dnc,  cobalt,  mangaa 
ncae^  nickel,  tin,  iron,  platina,  copper,  silver. 
The  first  three  were  nearly  equal  in  effect; 
and  the  platma  was  not  quite  pure. 

For  the  purposes  of  coin,  Mr.  Hatchett. 
nonridera  an  alloy  of  equal  parts  of  silver  and 
copper  as  to  be  preferred,  and  copper  abne 
aa  preferable  to  silver  alone. 

The  peroxide  a£  gold  thrown  down  by  pot* 
aah,  firam  a  solution  of  the  neutral  muriate, 
consisM,  according  to  Berzehus,  of  100  gold 
and  12  oxygen.  It  is  probably  a  tritoxide. 
The  protoxide  of  a  oeenish  colour,  is  pro. 
cured  by  treating  with  potash  water  muriate 
of  gold,  after  heat  has  expelled  the  chlorine. 
It  seems  to  consist  of  100  metal  +  4  oxygen. 
The  prime  equivalent  of  gold  comes  out  ap. 
parently  2& 

The  gold  coins  of  Great  Britain  contain 
elevett  parts  of  gold,  and  one  of  copper.  See 
A«SAT,  GiLDixo,  and  OftEs  of  Gold. 

G0I7G,  or  TAM-TAM,  of  the  Chinese; 
a  species  of  cymbal  which  produces  a  very 
IflMa  sound  on  bdng  struck.  It  is  an  alloy, 
according  to  M.  Thenard*s  analysM,  of  about 
80  parts  of'copper  and  20  of  tin. 

GONIOMETER.  An  histrument  for 
measuring  the  angles  of  crystals.    See  Gets- 

TALLIZATION. 

GORGONIA  NOBILIS.  Theredcoiai 
It  consists  of  an  intenor  stem,  composed  of 
gdatinous  matter  and  carbonate  of  lime,  with 
a  cortex,  oondsting  of  membrane  with  carbo^ 
nate  of  lime,  coloured  by  seme  unknown  sub- 
stance. 

GOULARD'S  EXTRACT.  A  satu- 
rated solution  of  subaoeUte  of  lead.  See 
-Lkaj>. 

GOUTY  CONCRETIONS.  Theaehaw 
been  called  chalk-stones  ham  their  appear- 
anoe;  but  Dr.  Wdlastoo  first  demonatrated 
thdr  true  compodtion  to  be  uric  add  ooa- 
faincd  with  ^»i's™*»««s  and  thus  explained  tho 
mysterious  pathological  rdaiion  between  mt 
and  graveL    See  Calcvlvb  (Urik^y). 
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I  in  ooU,  tat  diohdy  fa 

An  acid  being  ftdded  totUi 
I  the  eods,  end  ike  nrk  add  h 

in  mail  erT^tals.  These 
tiontdimlvenedilyin  weterofnotaah.  An 
artificial  compound  may  be  made  by  Hitiu 
nidom  vane  mad  and  aoda  with  mum  wbiol 
wfa»£  eiacdy  resemble,  goaty  conoetlona  ill 
its  chemical  oonstitation. 

ORAINSR.  The  Uzivimn  obtained  by 
inftMing  pigsoDS'  dung  in  water,  is  used  for 
living  flexibility  to  skins  in  the  pracess  of 
tanning,  and  is  called  the  gndnert 

GRASfHATITE.    See  Trsxolite. 

ORANATITS.    See  OaEirATiTB. 

GRANITE.  A  oompoond  lod^  oonsiat- 
ing  of  qnutx,  fUspar,  and  mica,  mdt  cryv- 
tauiaed  and  oohaing  by  mntnal  aiBnity,  whh- 
out  aogr  basis  or  cement.  The  felapar  com- 
monly piedominates,  and  the  mica  is  m  smaii. 
est  quantiky.  The  ooloias  of  the  fdspar  are 
white,  led,  g^,  and  gneen.  The  quarts  is 
light  grey,  sod  the  mica  dark.  The  gianukr 
efyttals  vary  ezoeedinj^y  in  siae»  in  diffiawnt 
granite  rocks.  Occasionally  granite  is  stnu 
tified ;  but  aonetiraes  no  stratificatioQ  can  be 
perceiyed.  Large  globular  masses,  called 
railing  stones,  are  mquently  met  wi^,  com. 
posed  each  of  ooocentne  lamellar  concretions. 
Schorl,  garnet,  and  tinstone,  are  frequently 
present  in  granite-  Tin  and  iron  sre  the  onW 
metals  abundantly  tend  in  thia  roek.  It 
contains  molybdena,  siItct,  copper,  lead,  bis- 
muth,  arsenic,  titanium,  tungsten,  and  cobalt. 
It  is,  however,  poorer  in  ores  than  many  other 
rock  formations. 

GRANULATION.  The  method  of  di- 
vidins  metallic  substances  intogmins  or  small 
particles,  in  order  to  fiiKnlitate  Aelr  combina- 
tion with  other  substances,  and  Mnnetimes  Ibr 
the  tmrpose  of  readily  subdividing  Hum  by 


Ist^  Scaly  Gn^Mie, 
fnfft  appraadnng  to 


.aiw^Adkh^i 


weidit 
Otitis  dm 


I  is  done  either  by  pouring  the  meltod 
metal  into  water,  or  by  agitadng  it  in  a  boK 
until  the  moment  of  oongdation,  at  iriiich  in- 
stent  it  beeomes  converted  into  a  powder. 
'  Varieos  contrivances  aie  nsed  to  prevent 
danger,  and  ensure  success,  In  the  sevoral 
maanfbctoiies  that  require  gmnulatioo.  Cop- 
per is  tpranulated  for  makmg  brass,  by  pour- 
mg  it  tnnwgh  a  perforated  ladle  into  a  oovend 
-^mnI  of  water  with  a  moveable  fidse  bottom. 
A  oomfKRUidinelia,  eonsialing  diiedy  of  lead, 
is  pound  into  water  thzough  a  pocfiinted  ves- 
M  of  aaodwr  kind,  lin  feoaking  smaU  abot,  m 
which  Ae  height  abovo  dM  snrftoe  of  die  flnid 
requires  particular  adjustment*  In  a  new 
vanuibetory  of  this  kind,  the  hoAi  ie  up- 
waidofioeftet. 

ORAPHIC  ORB.  An  on  of  tcUuinm, 
*oeoiining  in  vthtsin  porphyir  in  Transylvania. 
It  eonsista,  in  100  parts,  of  00  teOnrium,  80 
gold,  and  10  sttver,  by  iOaMoth. 

ORAPHITB.    Rh«nboidal  gnpldte  of 


Colour 


primitivo  Ibm  ia  a  i 
ary  fona  is 
lAstse  splendent,  i 
Fracture  sealy  Ibli 
metallic    Hardness  t 
of  gypsum. 

Perftcdy  seetile.  Rather  diffienlily  fian. 
gible.  It  writes  and  aoilk  Sdcric  on  psper 
blade.  Feds  very  gnasy.  Sp^  g^  ftom  1^ 
to  2.4. 

ad,    C&mpaet    GrtfkUe. 
blacker  than  praoedin^    Maa>rvc,d 
ed,  and  in 

lustre  ^mmering  and 
amdl  grained  uneven,  i 
When  heated  in  a  fiiniaee,lt  1 
iame  or  smoke,  fiaming  estbonie  acid, 
leaving  a  leddnum  of  iron.  Its  < 
are,  caibon  91,  iron  9.— B^rtiblfet.  Its 
onsBS  oontaiDB  nurkifti.  cnrominnft.  ' 
.nnd  oxide  of  tiisnimn*  It  uanally  oosian  in 
bed%  sometimes  diasenunailed  and  in  hnibeddid 
maaies,  in  gianite,  gnei«,  mina^siaie,  chf. 
data,  foliated  gmnnlar  limceione,  eonl  a^ 
trap  £pcnutions. '  It  is  firand  in  g^sfaa  n 
Glen  Strath  Fsnar  in  bivemeH^ohire;  in  the 
coal  formation  near  Comnock  in  Aynhite, 
where  it  is  Embedded  in  ■wwistenn,  and  in 
cnhnnnas  glance^coaL  AtBoandaieiACuBi- 
berland,  it  occurs  in  beda  of  very  varyinff  thiek. 
Bess,  induded  ki  a  bed  of  trap,  wbidi  m 
suboidinate  to  clsy  riatf  ;  and  in  many  placei 
on  the  continent,  and  daewliera  The  finer 
Unda  are  fint  boiled  in  ol,  and  then  eat  inlo 
tables  for  pencils.  Giaies  an  blackened  with 
it,  and  crudbles  fonned  of  a  ndxtowof  It  and 

GRAVEL.  See  CALCVx^ia  (UinrAmT). 

GRAVITY,  a  tttm  used  by  phyaied 
wrilM  to  dsDOledie  CMM by  which  a&  bodies 
move  toward  eadi  ether,  nnless  ptavuiied 
by  some  odicr  Ibne  or  obetadob     See  At- 

TBACTIOV. 

GRAVITY  (SPECIFIC).     See  8n. 

CiriC  GftAYITT. 

For  theepedfie  gndUks  of  di£faanl  kinds 
of  daatie  iulds,  see  the  tahioat  the  anide 
Gao. 

GREEK  FBB.  Asphaltom  is  oupposed 
to  have  been  its  ddefcoBdhodM,  dai^wldi 
nitre  and  sulphur. 

GREEN-EARTH.  Colour  cdadine. 
gnfli,  and  green  of  dar^  diadesr-  Manive, 
wnd  in  ^dMiIar  and  amygdalaidal  diaaed 
pleoea,  somethnes  hoOow,  or  as  tooratbog 
agalebaUs.  Dull.  Fiaetnreeardqr-  Opaque. 
AeUy  giiitpning  in  (he  streak.  Soft  and 
SBClile.  Rather  greasy.  Adheres  dlgMf  ^ 
the  tongue.  Sp.  at,  S.&  BcAsothe  bbw. 
p^  it  ia  converted  into  a  bbttk  1 
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Its  coDstiments  are,  iflica  S3,  oxide  oC  iron 
28,  nijignesia  2,  potaah  10,  water  6L  It  is  a 
frequent  mineral  in  the  amygdaloid  of  Soofc- 
land,  £n^and,  Irdand,  loelftDO,  and  Ae  Faroe 
Islands.  It  occnta  in  Sazonj,  near  Verona, 
the  Tyrol,  and  Hungary.  It  u  the  tnotintaiHm 
green  of  artists  in  water  oaloors.  Its  colour 
is  durable,  bat  not  ao  bright  as  diat  irom 
copper.  The  green-earth  of  Veiona,  of  wUeh 
the  analysis  is  given  above,  is  moat  esteemed. 

ORBENSTONfi.  A  ndc  of  the  trap 
formation,  oooidsdi^  of  liomblende  and  -  fel- 
apar,  bodi  in  the  state  of  grains  or  smaU 
crystals.  The  hornblende  is  commonly  most 
abimdaiiC,  and  communicatea  a  green  tinge  to 
the  felspar.  This  rock  is  called  Diabase  by 
the  French  geologists,  who  name  the  compact 
greenstone  Aphonite. 

GREEN  VITRIOL.    Sulphate  of  iron. 
ORENATITE.      Pristnatoidal 
the  staurotide  of  Haliy. 

O^NATITE,  or  prismatie  garnet    See 
Staubotibe. 

GRETWACKE.    A  mountain  fonmation, 

oonsifldng  of  two  similar  rocks,  which  alternate 

with,  and  pass  into  each  other,  called  grey- 

wacke,  and  grey  wacke-slate.    The  first  pos- 

aesaea  the  characters  of  the  formation.    It  is  a 

vo6k  composed  of  pieces  of  quartz,  ilinty-slate, 

felspar,  and  day-slate,  cemented  by  a  day. 

slate  basb.    These  plecea  vary  in  sixe  from  a 

hen*s  egg  to  little  grains.    When  the  texture 

heoomes  exceedingly  fine  grained,  the  rock 

eonstitutes   greywacke^late.     Its   colour  is 

nsndly  ash  or  smoke-srey,  without  the  yd- 

lowish-giey,  or  greeni^  tinge,  frequent  in 

primitive  slate.    It  has  not  the  continuous 

fustze  of  primitive  slate,  but  glimmers  from 

interspersed  scales  of  mica.    It  contains  quarts 

veins,  but  no  beds  of  quarts.    Pelri&ctioos 

wse  ibund  in  it.    These  rocks  are  stratified, 

fonniog,  ittm  alone,  round-backed  hills,  with 

deep  yiSleyB  between  them.    Immense  beds  of 

trap,  ffinty-slate,  and  transition  limestooe,  are 

contained  in  thia  formation;  as  wdl  as  nn- 

mcnms  metaUic  ores  in  beds  and  large  veins. 

GROSSULARE.  Colour  amaiagus^green. 
CkystsDises  in  acute  double  eigbt^slded  pyra- 
mids, flatly  acuminated  on  both  extremities  by 
Ibar  planes ;  the  acuminating  planes  set  on  the 
alternate  etes  of  the  double  eight^ided 
pyramid.  Planes  of  the  ctyiMals  smooth, 
shinii^*  Fracture  between  concboidal  and 
uneven.  Tsansluoent  Brittle.  Occurs  im- 
bedded in  small  crysUls  along  with  vesuvian, 
in  a  pale  greenish-grey  day-stone  near  the 
river  Wihd,  in  Siberia^^also  at  the  Bannat  of 
Jemawar.— JiemMJon. 

OUAIACUM.  A  rennous  looking  sub- 
stance, extt^K^ted  fiom  the  very  dense  wood 
of  a  tree  growing  in  the  West  Indiesi,  called 
gwAaeum  oJMnak. 

It  dffTeis  however  from  resins  in  its  habi- 
todeswith  nitric  add,  as  Mr.  Hatdwtt  fint 


showed.  Its  sp.  gz.  is  1.229.  Its  cokwr  is 
ydlowish-brown,  bat  it  becomes  green  on  ex- 
posure to  light  It  is  transparent,  and  breaka 
with  a  resinous  fracture.  Its  odour  is  not  dia- 
agreeable,  but  when  a  very  littieof  ita  powder, 
mixed  with  water,  is  swaOowed,  it  exdtes  a 
very  unpleasant  burning  sensation  in  (he  fisuces 
and  stomadu  Heat  fuses  it,  with  the  exbala- 
tkm  of  a  somewhat  fragrant  smdL 

Water  dissolves  a  certain  portion  <^  it,  ac- 
quiring a  brownish  tinge,  and  sweetish  taste. 
The  soluble  matter  is  left  when  the  water  is 
evaporated.  It  constitutes  9  per  cent,  of  the 
whole,  and  resembles  what  some  chemists  call 
extractive^ 

Guaiacum  is  very  soluble  in  alcohol.  This 
solution,  which  is  brown-coloured,  is  decom- 
posed by  water.  Aqueous  chlorbie  throws 
down  a  pale  blue  predpitate  from  it 

Guaiacum  dissolves  readily  in  alkalfbe  lei% 
and  in  sulphuric  add ;  and  in  the  nitric  mm 
effervescence.  From  the  solution  in  the  last 
liquid,  oxalic  acid  may  be  procoied  by  eva- 
poration, but  no  artifidal  tannin  can  be  ob- 
tained, as  from  the  action  of  nitric  add  on  ^ 
other  resins. 

Guaiacum,  distilled  in  dose  vawdn,  leaves 
80.5  per  cent  of  durcoal,  bdng  nearly  double 
the  quantity  from  an  equal  weight  of  the 
common  resins.  From  Da  Wol&stbn's  ex- 
perimenta,  it  would  appear  that  both  ah-  and 
light  are  necessary  to  produce  the  diange  in 
ffuaiacum  from  ydloV  to  green.  And  Mr. 
Brande  found  that  this  green  colour  was  more 
rapidly  brought  on  in  oxygen,  than  in  common 
air.  With  nitric  acid,  or  chlorine,  it  becomea 
green,  next  blue,  and  lastly  brown. 

By  my  analysis  Guaiacum  is  composed,  in 
100  parts,  of  carbon  67.8a,  hydrogen  7.06, 
oxygen  25.07  9  or,  approximatdy, 

Carbon       7  atoms  5.25        07-7 
Hydrogen   4  0.50         a5 

Oxygen      2  2.00       25.8 

7.75      100.0 
Formerly  guaiacum  was  much  commended 
in  syphiba  and  other  complaints ;  at  present 
It  is  used  diiefly  in  rheumatism,  disaolved  in 
liquid  ammonia. 

GUANO.  A  substance  found  on  many  of 
the  small  islands  in  the  SouA  Sea,  whldi  aie 
the  resort  of  numerous  flocks  of  birds,  particu- 
larly of  the  aidea  and  phaenicopteros  genus. 
It  IS  dug  from  beds  50  or  00  feet  thi^  and 
used  as  a  valuable  manure  In  Peru,  diieflv  for 
Indian  com.  It  ia  of  a  dirty  vellow  colour, 
nearlv  iadpid  to  the  taste,  but  nas  a  powerful 
amdl  partaking  of  castor  and  valerian.  Ac- 
cording to  the  analysis  of  Fomrcroy  and  Vau. 
quelin,  about  one-foorth  of  It  is  uric  add, 
partly  saturated  with  ammonia  and  lime.  It 
contains  likewise  oxalic  add,  partly  satuiaied 
with  ammook  and  potash ;  phosphorie  add 
combined  with  the  same bsses  and  with  lime; 
small  quandtiea  of  sulphate  and  muriate  d 
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Itotaah,  and  ammonia ;  a  small  portion  of  fat 
matter;  and  sand,  partly  qaartzose,  partly 
fcmiginoiu. 

GUM.  The  mucilage  of  vegetables.  The 
principal  gums  are,  1.  The  common  gums, 
obtained  from  the  plum,  the  peach,  the  cherry 
tree,  &c— 2.  Gum  ;\rabic,  which  flovs  na- 
turallv  from  the  acacia  In  Egypt,  Arabia,  and 
elsewhere.  This  forma  a  clear  transparent 
mudlafle  with  water. — 3.  Gum  Senecat  <» 
Senegal  It  does  not  greatly  differ  from  gum 
Arabic ;  the  pieces  are  larger  and  clearer ;  and 
it  seems  to  communicate  a  higher  degree  of 
the  adhesive  quality  to  water.  It  is  much 
used  by  caKjCO-printeis  and  others.  The  first 
sort  of  gums  are  frequently  sold  by  this  name, 
but  may  be  known  by  their  darker  colour. — 
4.  Gum  Adragant  or  Tragacanth.  It  is  ob. 
tained  (torn  a  small  plant  of  the  same  name 
growing  in  Syria,  and  other  eastern  parts.  It 
comes  to  us  in  small  white  contorted  pieces 
resembling  worms.  It  is  usually  dearer  than 
otiier  gums,  and  forms  a  thicker  jelly  with 
water. 

Mr.  Willis  has  found,  that  the  root  of  the 
common  blue-bell,  hyacinihut  non  scripitu, 
dried  and  powdered,  affords  a  mucilage  pos- 
sessing an  ibe  qualities  of  that  from  gtun 
Arabic  Lord  Dundonald  has  extract^  a 
mucilage  also  from  lichens* 

Gums  treated  with  nitric  add  afford  the 
acid  of  sugar. 

I  found  Gum  An^  to  consist  of  carbon 
35.1 3,  hydrogen  6.08,  oxygen  55.79,  azote  3  ? 

GUM  (ELASTIC).   See  Caoutchouc. 

GUM  RESIN.  The  principal  ^m  resins 
are  firankincense,  scammony,  asafcetida,  aloes, 
gum  ammoniac,  and  gamboge; 

GUNPOWDER.  This  well  known  pow- 
der  is  composed  of  75  parts,  by  weight,  of 
nitre,  16  of  charcoal,  and  9  d  sulphur,  inti- 
mately  blended  togedier  by  long  pounding  in 
wooden  mortars,  with  a  small  quantity  of 
water.  This  proportion  of  the  materials  is  (be 
most  effectual.  But  the  variations  of  strength 
in  different  samples  of  gunpowder  are  gene- 
rally occasioned  by  the  more  or  less  intimate 
division  and  mixture  of  the  parts.  Tlie  rea- 
son of  this  may  be  easily  deduced  from  the 
consideration,  that  nitre  does  not  detonate  until 
in  contact  with  inflammable  matter ;  whence 
the  whole  detonation  will  be  more  speedy,  the 
more  numerous  the  surfaces  of  contact  The 
same  cause  demands,  that  the  ingredients 
should  be  very  pure,  because  the  mixture  of 
foreign  matter  not  only  diminishes  the  quan- 
tity of  effective  ingredients  which  it  represents! 
but  likewise  prevents  the  contacts  by  its  inter- 
position. 

The  nitre  of  the  third  boiling  is  usually 
chosen  for  making  gunpowder,  and  the  char- 
coal of  light  woods  is  preferred  to  that  of  those 
which  are  heavier,  most  probably  because  this 
last,  being  harder,  is  less  pulverable. 

The  requisite  pounding  of  the  materials  it 


perfooned  in  the  large  way  bv  «  min»  in  whidi 
wooden  mortars  are  dispoaea  in  rowa^  and  in 
each  of  which  a  pestle  is  moved  by  the  arbor 
of  a  water-wheel :  it  is  necessary  to  motstsB 
the  mixture  from  time  to  time  with  wat^ 
which  serves  to  prevent  its  being  dtsaipnted  in 
the  pulverulent  form,  and  likewise  obviates 
the  danger  of  explosion  fiom  the  beat  occ»- 
skined  by  the  blows.  Twelve  hours*  pooadrng 
is  in  general  required  to  complete  the  nBixtnze; 
and  when  this  is  done,  the  gunpowder  is  ta 
fact  made,  and  only  requires  to  be  dried  9 
render  it  fit  for  use. 

The  granulation  of  gunpowder  is  peribimeil 
byjplacing  the  mass,  while  in  the  form  of  a 
stiff  pastes  in  a  wire  sieve,  covering  it  with  a 
board,  and  agitating  the  whole :  by  this  zneana 
it  is  cut  into  smi£  grains  or  parts,  iHnch, 
when  of  a  requisite  dryness,  may  be  rendered 
smooth  or  glossy  by  rolling  them  in  a  cylia* 
drical  vessd  or  cask.  Gunpowder  in  this  fiocm 
takes  fire  more  speedily  than  if  it  be  afterward 
reduced  to  powder,  as  may  be  easily  acoouDted 
for  fi»m  the  drcumstanoe,  that  the  inflamma- 
tion is  more  speedily  propagated  through  die 
interstices  of  die  grains.  But  the  process  of 
granulation  does  itself^  in  all  probability, 
weaken  the  gunpowder,  in  the  same  manner  u 
it  is  weakened  by  suffering  it  to  become  damp; 
for,  in  this  last  case,  the  nitre,  whidi  is  me 
only  soluble  ingredient,  suffers  a  partial  sola- 
tion  in  the  wateri  and  a  separation  in  crystak 
of  greater  or  less  magnitude;  and  accordin^y 
the  surfaces  of  contact  are  rendered  less  nn- 

prod 

afforded  by  the  detonation  of  gunpowder,  con- 
sisted  of  two  parts  nitrogen  gas,  and  ooe  car- 
bonic acid  gas.  The  sudden  extrication  and 
expansion  of  these  airs  are  the  cauae  of  the 
effects  of  gunpowder. 

GURHOFITE.  CofnpaetDohntUe.whldL 
occurs  in  veins  in  serpentine  rocks,  between 
Gurhof  and  Agssbadi,  in  Lower  Austria. 

GYPSUM.  This  genus  contains  2  spedes, 
by  Professor  Jameson ;  the  prismatic,  and  the 
axifxangibie. 

I. — rrUmatic gypsum  or  anhyirUe,  itfar- 
riact^.— Werner.  Of  this  there  are  6  aub- 
species. 

1.  Sparry  anhydrite.    See  Cti^sFAX. 

2.  Scaly  anhydrite*  Colour  white  of  varioos 
shades  passing  into  smalt-bliie.  ]iaasive,and 
in  granular  concretions.  Lustre  splendent, 
pearly.  Cleavage  imperfect  and  airved.  Trans- 
lucent  on  the  edges.  Easily  Iwohen.  Sp.  gr. 
2*96.  Its  constituents  are,  lime  41-75,  sul- 
phuric add  55,  mur.  of  soda  1-0.  It  is  found 
m  the  salt  mhies  of  the  Tyrol,  5089  feet  above 
the  level  of  the  sea. 

3.  Fibroue  anhydrite*  Colonxs,  red,  blue, 
and  grey.  Massive,  and  in  coarse  fibrous  con- 
cretioDS.  Lustre  glimmering  and  pearly. 
Translucent  on  the  edges.  Rathtt  easily 
frangible.    Spec.  grav.  3.    It  is  ibtmd  in  the 
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luJt  mines  on  the  contineDt.    The  blue  is 
sometimes  cut  into  onuuoaents. 

4.  ComfoUtUd  anhydrite.  Colour,  dark 
milk-white.  IdatsiTe,  and  in  distinct  con- 
cretioDS.  Lustre  glimmering  and  pearly.  Frac- 
ture fine  splintery.  Tranahioent  on  tlie  edges. 
Sp.  gr.  2.85.  Its  oonstiments  are,  42  lime, 
56.d  suli^nric  add,  0*25  muriate  of  soda* 
It  occurs  in^  Che  adt  mines  of  Bocfania,  and  at 
Wielicxkm  in  Poland.  It  has  been  caUed 
ffierre  de  fripet^  fnm  its  oonrolated  oonere- 
tkms. 

6.  Compact  anhydrite,  Cokmr  grey,  some- 
times with  spotted  delincstions.  Massive,  and 
Id  diatioct  granular  oonaetions.  Feebly  glim- 
mering. Fracture  small  splintery.  Trans- 
lucent. Haithiess  and  constituents  as  in  the 
preceding.  8p.  gr.  2-95. 
ll,^~.jixifl^ar^ilde  gypmm. 
This  species  contains,  soosrding  to  Professor 
Jsmcion,  6  sub-species ;  sparry  gypeum,  fi>- 
liated,  oompn4^  fibrous,  scaly  foUated,  and 
esrthy  svosudq. 

1.  Sparry  ^3(pfum  or  tdemU.  Coloun, 
grey,  wUte,  and  ydlow,  with  occasionsl  iri- 
descence. ManiTe,  disseminated,  and  crystaL 
lized.  Its  primitiye  fbim  is  an  oblique  iboi^ 
tided  prism,  with  angles  of  US*  S' and  66P  62'. 
The  foUowing  are  some  of  the  secondanr 
fonns.  I.  Six-aided  prism,  genendly  broad, 
and  oblique  angular,  and  four  smaller  lateral 
planes.  2.  Lens.  3.  Twin  crystals,  formed 
either  by  two  lenses,  or  hv  two  siib-sided 
prisms,  pushed  into  each  omer  in  the  direc- 
tion of  thehr  breadth.  4.  Quadruple  crystid, 
froBi  two  twin  crystals  pushed  into  each  other 
in  the  direction  of  their  lengtib.  Lustre  ^len- 
dent,  penrly.  deavage  threefold.  Fragments 
rfaomboidal.  Semitransparent,  and  transpa- 
rent. Refittcts  double.  Yields  to  the  nail. 
Scratches  talc,  but  not  calcareous  spar.  Sec- 
tile.  Easily  frangible.  In  thin  pieces  flexi- 
ble, but  inelastic.  Sp.  gr.  2-3.  It  exfdliatea 
sod  melts  into  a  white  enamel,  which  iaUa 
into  a  white  powder.  Its  constituents  are, 
33*9  lime,  43-9  sulphuric  add,  21  water,  and 
S-l  loss ;  Bucholz,  It  occur*  principally  in 
the  fleets  gypsum  formation  in  thin  layers ; 
lew  frequently  in  rock  sslt ;  frequently  in  the 
liondon  blue  day.  Crystals  are  daily  forming 
in  gypsum  hills,  and  in  old  mines.  It  is  found 
in  blue  day,  at  Shotover-hill,  near  Oxford ; 
Newhayen,  Sas8cx$  around  Paris,  and  all 
orer  the  continent.  It  was  used  in  andent 
times  for  window  glass.  Hence  it  was  called 
glades  mariie,  Imd  lapis  specularis. 

2.  Foliated  gtanuUtr  gyptum.  Colours, 
white,  grey,  and  red ;  sometimes  in  spotted  or 
itriped  delineations.    Massive,  and  m  distinct 


concretions,  or  crystallised,  in  small  conical 
lenses.  Lustre,  glistening,  pearly.  Qeavage 
as  selenite.  Translucent  Very  soft,  sectite, 
and  easUy  frangible.  Sp.  gr.  2-^  Its  con- 
stttuente  are,  32  lime,  30  svdphuric  acid, -and 
38  water,  according  to  Kirwan.  It  occurs  in 
beds  in  primitive  rocks,  as  gneiss  snd  mics- 
slate ;  in  transition  clay-slate ;  but  most  abun- 
dantly in  beds  in  the  rocks  of  the  floetz  dass. 
It  is  there  ssaodated  with  selenite,  compact 
gynsom,  fibrous  gypsum,  rock-salt,  sthikstone, 
andUmeston&  It  is  found  in  Cheshire  and  Der- 
byshire, at  Lttneburg,  and  other  places  on  the 
continent.  The  fbllated  and  compact  gypsums, 
when  pure  and  capable  of  recdving  a  good 
polish,  are  termed  alabaster  bv  ardsts,  who 
fashion  them  into  stotues  and  vases.  The 
cosrser  kinds  are  used  in  small  quantities  in 
Bgriculture;  and  are  converted  by  calcination 
intostucoob 

S.  Compact  gypmm.  Colours,  white  of  va- 
riouB  shades,  ney,  blue,  red,  and  yellow. 
Massive.  DulL  Fracture  fine  splmtery. 
Translucent  on  the  edges.  Soft,  aectile,  and 
easily  frangible.  Sp.  gr.  2-2.  Its  consti. 
tuents  are,  34  lime,  48  sulphuric  aid,  18 
water_6erAar<{.  It  occurs  in  he^  along 
with  granular  gypsnm,  &c.  It  is  found  in 
the  Ctoipsie  hills;  in  Derbyshire;  at  Ferry, 
bridge,  Yorkshire,  aodin  various  places  on  the 
Contment. 

4.  Fibrotu  gypsum.  Colours  white,  grey, 
and  red.  Massive  and  dentiform,  and  in 
fibrous  distinct  concretions.  Lustre  glisten- 
ing and  pearly.  Translucent  Soft,  sectile, 
and  easily  frangible.  Its  constituents  are,  33 
lime,  44-13  sulphttric  add,  21  water.  It 
occurs  along  with  the  other  sub-i^wcies,  in  red 
sandstone  near  Mofliit ;  fai  the  Forth  river  near 
Beliast ;  in  Cumberland,  Yorkshire,  Cheshire, 
&c  When  cut  en  cabachan^  and  polished,  it  re- 
flects a  light,  not  unlike  that  of  the  cat's-eye, 
and  is  sometimes  sold  as  that  stone. 

5.  Scaly  foliated  gypsum.  Colour  white. 
Massive,  disseminated,  and  in  distinct  concre- 
tions. Lustre,  glistening  and  pearly.  Frac- 
ture  small  scaly  foliated.  Opaque,  or  trans- 
lucent on  the  edges.  Soft,  passing  into  fri- 
able.  Sectile  and  easfly  frangible.  It  occurs 
along  with  sdenite,  at  Montmartre,  near  Pa- 
ris,  in  the  third  fleets  formation  of  Werner. 

6.  Earthy  gypsum.  Colour  ydlowish- 
white.  Composed  of  fine  scaly  or  dusty  par- 
tides.  Feebly  glimmerinff.  Feds  meagre 
or  rather  fine.  Soils  slightly.  Lisfat  It  is 
found  immediately  under  the  sou,  in  beds 
several  feet  thick,  resting  on  gypsum,  in 
Saxony,  Switzerland,  and  Norway  .^Jameron. 
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HEMATITES.    Ab  OK  of  inn. 

HAIB.  Fniia  numnoui  espcrimaitt  K. 
Vauqnelin  mfcn,  that  bbck  haii  is  fonned  of 
nine  difiocnt  tubstanoet,  namely : 

1.  An  animal  matter,  whidk  oooadtutca  the 
greafeerpKt  S.  A  wUfteooncwteoflinnBaa 
quantity.  3,  Another  oil  of  a  gieyiih^graen 
colour,  moR  abundant  than  the  foanoB.  4. 
lion,  the  state  of  whkh  in  the  bait  ia  uneer- 
tain.  6.  A  few  paitidea  of  oodde  of  manga- 
neM.  6.  Phosphate  of  limob  7-  Carbonate 
of  lime,  an  ▼cry  BBiaU  quantity.  &8ilez,  in 
a  oooepicuous  quantity.  9.  Lastly,  a  osn- 
sidenble  quanti^  of  sulphur. 

The  same  experiments  show,  that  led  hair 
diffios  from  Uaek  only  in  eontaaning  a  sed 
oil  instead  of  a  blacUih-green  oil ;  and  that 
white  hair  difihrs  from  both  these  only  in  the 
<ril  being  nearly  eolouriess,  and  in  contaimag 
phoqpbate  of  magpesia,  wUch  is  not  finiBil  in 
mem. 

HARMOTOME.    Cboss^stons. 

HARTSHORN  (SPIRIT  OF).  Bee 
Ammokia. 

HATCH£TIN£  A  vwriety  of  bitn- 
minoas  matter  found  in  the  ifon-stone  Mss- 
thyr  Tydfil,  in  South  Wales.  Colour  ytUow. 
ish.whiie.  Textuit  flakv  or  sobgnuiular  ;  in 
the  former  the  lustre  is  gtistening,  in  the  latter 
dull.  Hsidness  of  soft  tallow.  Inebslie, 
and  inodorous.  Melts  at  lyo*.  It  is  very 
light.  Soluble  in  ether.  HatAftine?  is  found 
fiUing  small  oontemponaneous  veins,  lintd 
with  calcsieous  spar  and  small  rock  crystals, 
in  die  inm.«tonew  Mr.  J.  J,  Ctmifbeartj  in 
AmuOt  ofPMk  N.  S,  i.  136. 

HAUYNE.  Colour  Uue  of  various  shades. 
It  occurs  imbedded  in  grains,  and  rarely  erys. 
talhsed ;  in  acute  oblique  double  fourhsided 
pyramids,  variously  truncsted.  ExtemaUv  it 
u  generally  smooth,  and  edges  rounded. 
liustre  splendent,  to  glistening,  and  vitreous. 
Cleavage  quiotu^e.  Fraaure  imperfect  con* 
choidal.  Transparent  and  translucent  Harder 
than  i^Mtite,  but  softer  than  fdspar.  Brittle. 
Easily  frangible.  Sp.  gr.  2-7.  It  mdts  with 
difficulty  before  the  blowpipe,  into  a  white 
nearly  opaque  vesicular  bead.  With  borax 
it  mdts  into  a  transparent  wine-yellow  glass. 
With  acids  it  forms  a  transparent  jelly. 
Its  constituents  are,  silica  30,  alumina  15, 
lime  13»5,  sulphuric  add  12,  potash  11,  iron 
1,  loss  17-5.— FoH^tttf/tn.  But  by  Omelin, 
we  have  silica  35>48,  alumina  18-87,  lime 
11-79,  sulphuric  add  12-6,  potash  16.46^ 
iron  116,  loss  3-46.  It  occurs  imbedded 
in  the  basalt  rock  of  Albano  and  Freseati. 
Professor  Jamoon  thinks  it  neady  allied  to 


HEAVY  SPAR.    Baryte.     This  genus 
is  divided  by  Fkofessor  Jameson  into  fbur 


1.  BkomboidaiimrffUt  w  WUkeHb^   Go- 
IBS   white,  grey,  and   yeUov. 

Pisstminati  t\  in  vssious  imitatif 
ccystaffiasd.  The  primitife  fesn 
bold  of  SS^*  0"  and  91«  64'.  The 
fenns  an,  ths  oqnisngular  wt  sidaA  piin^ 
tniBcated,  or  aoatdy  afiiminatwd ,  aad  fhe 
acute  doable  siz-a&dsd  pjfXBDid. 
pnonnly  gioupeo,  or  in  dmarai 
snhiff,  snd  rsifaioiis.  Claawage  tfaiodnld.  Piia- 
ctpaf  fracture  uneven.  TrsnslMOHit.  Haader 
than  cakareous  qMr.  EaaBy  frangihlr.  8p. 
gr.  4>3.  Befen  the  blowpipe  it  decKpitateft 
sUgbtly,  sod  mdts  readily  into  a  white  owmd; 
aolnble  with  efevescenoe  in  dSute  nkric  sciiL 
It  is  carbonate  of  barytes,  with  oecaaianally  I 
pet  cent*  of  caibonale  of  stroBtifeea  and  ail" 
phate  of  barytes.  It  oecun  in  CnmbcdaDd 
and  Ihufaam  in  lead  veins  that  ttmnmt  a 
limesioBB,  which  reats  on  ssd  sand. 
It  is  Ml  active  pdasiH  and  ia  snplspfsd 
fer  kiUing  rats. 

2.  Pritmatie  ioryis,  or  Bcooy  afur.  Of 
this  there  are  nine  subspecies  i  ssamy,  can- 
pact,  granular,  carved  lameUaE,  atia^fat  Isp 
mcUar,  fibcous,  radiaSed,  cohnniisc,  and 
ptimatie.  They  areallsulphatBa  of  barytas  ia 
composition.  On  aocount  A  its  fema  of  ciya- 
tsllisation,  we  shall  descfibe  die,^«ift»  slrv^g*«, 
ZsmcUsr,  heairy  spar. 

Its  coloors  are  whitSi  ««y»  hhis^  green, 
yeUow,  red,  and  brown.  Massive,  in  datind 
csocretions,  and  crystsUiaed.  The  primitive 
form  is  an  oUiqiie  fenr-sided  prism  of  101* 
by.  The ibUoiringsrstiMBsecoDdsrjr  forms: 
die  rectangular  frNuvsidsd  taUe ;  the  oblique 
feur.4uded  table,  perfect  or  variooal j  troa* 
catcd  or  beveUed ;  the  kn^  six-  sidod  tabk, 
pedfect  or  bevelled;  the  ctghUsUcd  table,  pcfw 
feet  or  bevdledk  Lustre  splendent,  between 
resinous  and  ncad^.  Cleavaga  parallel  with 
the  planes  of  the  primitive  ptimu  Fmgmeoti 
ihomboidal  and  tabular.  Tranducentortrsns- 
psrent,  and  refracts  double.  Sonldies  csl- 
csreous  spar,  but  ia  scratched  by  floor  spsr. 
Brittle.  Sp.  gr.  4-1  to  4-&  It  dnarpitaaw 
briskly  befets  the  Mowpipa,  and  then  mehs 
into  a  white  eoameL  It  phoaphorssces  en 
glowing  coals  with  a  yelliiv  li^t  It  is 
sulphate  of  baiytcs,  with  0.85  solpfa^  of 
sixontites,  and  0-80  oxide  of  iron.  It  is  feond 
almost  always  in  veioa,  which  oecurin  grsnite, 
gneiss,  miouslate,  and  other  rodu.  T^&sfa- 
red  variety  is  often  aooompsnied  with  valuabk 
ores.  In  Great  Britsui,  it  oecois  in  veins  of 
difioent  primitive  and  tiaodtion  rocks^  aodia 
secondsnr  limestone,  &c.  in  the  lead  mines  cf 
Cnmberlsnd,  Durham,  and  Westmordand. 

3.  Diprimatic  baryte,  or  Stromtiamie.-' 
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tinct  ooncrraoDs,  and  cryitallizecL  The  pii. 
ttiitlve  f^onn  ft  an  (Mique  f<mr-dded  prism, 
bevelled  on  the  extremities.  Seeoodairy  ngttMs 
A^  41m  vokolartfaEMMed  whm,  and  the  ad. 
imlarMMte  double  lijE-aideapyxamid.  Lvitre 
glistening  or  peatfy.  Ckavage,  in  the  dirae- 
Hm  of  Iheytend  planes  of  ^  prfadtive  fbnn. 
gia&mic  fti».gWBBed,  Mieven.  TVanalnoait. 
Httfdv  lihan  eaUateOus  apar,  bat  aoAer  than 
Au«r.  BriiOto.  Sp.gr.  9*7.  Inftialble  belhfe 
Ibe  blow^pe,  but  beeomeft  white  and  opaque, 
Ungdng  the  tene  of  a  dtalc  purple  coloar.  It 
»  adable  with  dRsnHMoenoe  in  dflnte  nitric  at 
anaiadcadd ;  and  paper  dipped  hi  the  aolu. 
tkma  dun  produosd  bums  with  a  puple 
flaort.     Itt  eooitkaaita  ue, 

Strantiaa,  61*21    G9-5    02-0      74-0 
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Walei^  adO      0-A      8-0        0<6 

lacM)  100-0  1000  100^ 

ITcpSL  Khpr.  Pelk.  Btiokobu 

It  becMirft  at  Stiontlitti  in  Afgyflshira}  in 
^cink  vihl  iVa^use  guehsy  aung  wiifli  gaJena^ 
heaty  apatr,  and  ealcareous  spar.  *^  The  pe- 
culiar earth  whidi  duracterices  thil  minend 
was  discovered  by  D^.  Hope,  and  its  various 
|Mpertiea  were  made  known  to  tlie  public  in 
Ms  excdlent  Memoir  on  Strontitss,  mseited  lA 
^  Tranaaetions  of  the  Royal  Society  of  Edin- 
hat|^  for  the  year  1790.*^<— Jomeiofi,  tol.  VL 
wbrne  aooonnt  of  the  preceding  ftpedefe  is  a 
Aiodid  of  minenlegical  descriptton. 

4.  Axifrangible  baryte^  fX  C^fetfintf.-— Of 
this  there  are  five  tab-sptodes;  foliated, 
{wstnatic,  fflDfOus,  radiated,  tfsd  fine  granular. 
we  shsill  describe  the  ibHated,  and  refer  to 
Pm^HMT  Jameson's  woik  for  ^e  rest 

Celodn  wMte,  grey,  Uue,  mid  fledi-ied. 
If  asdve,  in  lamdlar  concretions,  and  crystal. 
Used ;  m  the  rectangular  fhtnr-ilded  table,  in 
wUeh  thie  fcrmitialpfames  are  bevdled,  and  in 
^  rectangular  four-dded  uble,  beveOed,  on 
AfetenniAal  ^dges.  Lustre  splendent,  pearly. 
(^Savage  'dueenild.  Kractuie  uneven ;  fhig- 
nients  rluJmboldsL  Tranducent  Scratches 
nifeareows  atoar,  but  ift  scratdied  bv  finor  spar. 
S)eet8e,  «nd  eadfy  frangible.  8p.  gr.  3-0. 
It  ttdts  before  l!he  blowpipe  into  a  white 
fMik  enamd,  without  very  sensibly  trngdng 
*e  fiame^  it  is  sblpbate  of  stioBtites,  with 
^bMt  fi  per  cent  of  sulphate  of  barytes.  It 
o^etif*  ih  traptoff,  hi  ihe  Oalton  hill  at  Bdfai- 
1m*sIi,  aiiAi  m  red  sandstone  at  Inverness.  It 
«  ibandant  in  the  neighbomhood  of  Bristol. 


HBAT.    8ee€Ai.0itic. 

HBBSlfBEReitE.  A  iidMtl  0P  a 
^A  ^feea  colour.  Rt)eenn  masdifi^.  lip. 
i^  t.llM.  It  terikmOsa  Hmm  hortiblendes 
^  ^Mi  iM  pnnfflft.    It  cotabts  af  «flic» 


40*01;  HilM&m  0-37 ;  W»ter  I«*5  ? ;  piotoxide 
of  iron  36-25 ;  oxide  of  nnmganeae  O^S;  cakv 
bonic  add  4-93.  Hedenberg,  Rose  has  since 
found  it  to  consist  of  silica,  Hme^  and  protoxide 
of  iron.  It  is  found  near  Mormongmfray 
hear  Ttosberg,  in  Sweden. 

HELIOTROPE.  A  sub-spcdesofrhom-. 
bdidal  quaitz.  Colour  green  of  various  shad^. 
The  blood  and  scarleuied,  and  the  ochre. 
yellow  dots  and  spots,  are  owing  to  dissemi- 
nated jasper.  Masdve,  and  in  angular  and 
ndled  pieces.  Lustre  glistening,  rednous. 
fVackuie  conchoidal.  d^anducent  on  the 
edges.  Eadly  frangible.  Hard,  but  softer 
thtti  chalcedony.  Rather  heavy.  8p.  gr.  2'83. 
It  is  inlhsible  befose  die  blowpipe.  Its  con- 
stitucDts  are,  silica  84,  alumina  7>5,  and 
iron  5.  Itisfoondinrocks  bdonslng  tothe 
secondary  trap  formation.  The  miest  helio- 
trope  comes  from  Bucharia  and  Siboia.  A 
variety  is  found  in  the  ishmd  of  Rmne  in 
Scotland.  It  is  cut  into  scab  and  snuff- 
boxes.   T%e  Siberian  wants  the  red  spots.— 

«/0lM0SOll. 

HELIOTROl^tUM.  Tvbksolb.  See 
Aechil. 

HELLEBORE.  The  root  of  a  plant 
formerly  used  in'  luedidne,  but  now  nearly 
discarded  from  practice,  in  consequence  of  the 
Violence  of  itt  operation.  Vanqudib  ascribes 
its  acrimony  to  a  peculiar  oil,  which  he  se- 
parated from  the  imildon  in  aloolud,  by  dis- 
tiliing  off  the  Utter.  It  is  very  poisonous. 
Orfila  says,  on  the  contrary,  that  the  poi- 
aoDoos  quality  of  hellebore  root  teddes  hi  a 
pffikidple  soluble  in  water;  that  (he  ppw. 
deied  root  is  more  certahily  fotal,  when  ap- 
pKed  to  a  wound,  Aan  when  swallowed ;  that 
the  white  hellebore  is  more  active  than  die 
black ;  and  diat  die  alkaUne  extract,  which 
fonns  a  part  of  the  tonic  pills  of  Bacher,  is 
abo  very  powerful.    Vomiting  is  the  only 

HELYINE.  A  sub-spedes  of  dodeca- 
hedrd  >  eamet  Cdour  wax-ydlow.  Dis- 
setninated,  in  small  granular  concretions,  and 
crystaHized  in  small  tetrahedrons.  Glimmer, 
ing,  or  diining.  Fracture  smdl-gralned.  un^ 
even.  Crystals  strongly  tranducent.  Softer 
than  quarts,  but  harder  than  felspar*  Bridle. 
Sp.  gr.  3.2  to  3.3.  It  mdts  easily  into  a 
blackish-brown  glass.  It  occurs  along  with 
slate  spar,  brown  blende,  and  fluor  spar,  in 
beds  subordinate  to  gneiss,  near  SdiWartsen- 
berg  in  Saxony. 

HEMATIN.  The  colouring  principle  of 
bgwoodt  die  hematoxylon  campechianum  of 
botanists. 

On  the  watery  extract  of  logwood,  digest 
alooliol  for  a  day,  filter  die  solution,  evapo- 
rate, add  a  litde  watfcr,  evaporate  gendy  agdn, 
waA  then  leftve  die  liquid  at  rest.  Hematin 
is  deposited  in  small  crystals,  whldi,  after 
wttihhig  wtdi  aleohd  tte  brQ&mt,  and  <ff  a 
L  l2 
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nddisli-whke  colour.    Tbeix  tatte  is  bitter, 
acrid,  and  slightly  astringent 

Hematin  forms  an  orange-red  soltitiou  with 
boiling  water,  becoming  yellow  as  it  cools, 
but  reoovering,  with  mcrease  of  heat,  its  former 
hue.  Excess  of  alkali  converts  it  first  to 
purple,  then  to  violet,  and  lastly,  to  brown ; 
in  which  state  the  hematin  seems  to  be  de» 
composed.  Metallic  oxides  unite  with  he- 
matin, forming  a  blue-coloured  compound. 
Gelatin  throws  down  reddish  flocculi.  Per- 
oxide of  dn,  and  add,  merdy  redden  it. 

HEPAR  SULPHURIS.  A  name  an- 
ciently given  to  alkaline  and  earthy  sulphureta, 
from  their  llver-brown  colour. 

HEPATIC  AIR.  Sulphuretted  hydrogen 
gas. 

HEPATITE.  FcUd,  straight,  lamellar, 
heavy  spar.  A  variety  of  lamellar  barytes, 
containing  a  minute  portion  of  sulphur ;  in 
consequence  of  which,  when  it  is  heated  or 
rubbed,  it  emits  a  fetid  sulphurous  odour. 

HERSCHELITE.  A  mineral  in  white, 
translucent,  and  opaque  crystals,  found  in 
olivine,  brought  by  Mr.  Hoschel  from  Aci 
Reale  in  Sicuy.  It  contains  silica,  alumina, 
and  potai^.  Sp.  gr.  2*11.  Fracture  con-v 
choidal ;  easily  scnUched  by  the  knife,  y^n- 
nalM  of  PhiL  X.  S6\. 

HETEPOSITE.  A  mineral  seot:  undet 
this  name  from  the  department  of  the  Haute 
Vienne;  and  which  analyzed  by  M.  Vau^ 
quelin  was  found  to  be  a  phosphate  of  iion 
wid  manganese.    Ann.  de  0iim*  xxx.  294. 

HEULANDITE.  A  mineral  formerly 
ranked  among  the  seolites*  It  occurs  ciys- 
tallized  in  a  risht  oblique  angled  prism,  two 
of  its  opposite  bteral  planes  being  longer  than 
the  other  two.  Externally  bright,  or  pearly. 
It  occurs  sometimes  massive,  frequently  in  a 
globular  form.  Transparent  or  translucent ; 
colour,  white,  yellow,  or  red.  Easily  frangible. 
Its  constituents  are,  silica  62-6,  alumina  17.5^ 
lime  9,  water  18.5.  Melts  before  the  blow- 
pipe,  with  intumescence.  It  does  not  form 
a  jeUy  with  acids.  It  Is  found  in  the  Faroe 
Isles,  the  Hartz,  the  trap  of  the  Giants*  Cause- 
way, and  near  Paisley.  PhilUpt*  Afineralogy^ 
HIGHGATE   RESIN.      See   Fossil 

COPAI» 

HISINGERITE,  A  massive  mineral,  of 
a  black  colour ;  having  a  cleavage  in  one  di- 
rection,  and  an  earthy  fracture  in  others.  Sp. 
gr.  3-04  Its  constituents  are  oxide  of  iron 
51.5;  silica  27*5;  alumina  5-5;  oxide  of 
manganese  0-77 ;  magnesia,  a  trace;  loss  by 
moisture,  11-75.  Before  the  blowpipe  it  be- 
comes  attractable  by  the  magnet.  It  is  found 
in  the  cavities  of  calcareous  spar  in  Sviirta 
pariah  in  Sudermanland.— £^«ff/iiM. 

HOLLOW  SPAR.     ChiastolUe. 

HOLMITE.  A  new  mineral,  which  occurs 
crystallized  in  the  form  of  an  oblique  four, 
sided  prism^  and  having  a  sp.  gr.  of  a597. 


Its  coitttitnenUaieil71nne,  81  t»tihaaScwak 
6^  alumina,  6|  silica,  29  oxide  of  iiai^  and 
la  water. 

ROMBERG'S  PHOSPHORUS, 
muriate  of  lime. 

HONE.    Thewfaet^laleofi 

HONEY.    It  is  supposed  to  connat  of 

rr,  mudlage,  and  an  add. 
ONEY-STONE.  Meliit&  Oystel-fian 
of  Mohs;  the  Pyramidal  Honey-stOBe  «f 
Jameson.  Colour  boney-ycUow.  Raseij  mas- 
sive, but  very  distinctly  oTsteliiaed.  The 
primitive  form  is  a  pyramid  of  118*  4'  md 
930  22^.  The  following  are  some  of  the  ae. 
condary  figures;  lit,  Thepiimitive  pyxanad, 
truncated  on  the  apiees,  or  on  the  wpwet  and 
angles ;  2(/,  These  truncatiooa  giving  rise  m 
a  bw  rectangular  feor^sided  prism^  or  to  an 
irregular  ihomboidal  dodecahedron ;  ^  The 
an§^  in  the  common  base  flatlv  beveHed. 
Lustre  splendent.  Cleavage  pyramidaL   ^ 


Frac- 


tore  concboidal.  Semitranspanent. 
double.  Harder  than  gypsum,  bot  not  so 
haid  as  calcareous  spar.  Brittle.  Sp.  ^.  1-56L 
Before  the  blowpipe  it  beoomes  while  and 
opaque,  with  black  spots,  and  is  at  length 
reduced  to  ashes.  Heated  in  a  ^aas  tube*  it 
becomes  Uack.  Friction  makes  it  ali^^iy 
resino-electric.  Itaconstituentaare  16  alununa, 
46  melliUc  add,  and  38  water. 

It  occurs  superimposed  on  hitnminoos  wood 
and  earth  coal,  and  is  usually  aooompaoied 
with  sulphur,  at  Artem  in  Thnringia.  See 
the  sequel  of  amber,  for  the  crileria  between 
itaodmellite. 

HOOFS  OF  ANIMALS.  Coagalaied 
albumen,  like  ham. 

HOP.    See  Lupulim. 

HORN.  An  animal  sobstance,  chiefly 
membranous,  composedof  oosgolaSsdalboincB, 
with  a  little  gdatin,  and  about  half  a  per  cent, 
of  phosphate  of  lime.  But  the  hams  of  the 
buck  and  hartare  of  a  difeent  namre,  being 
intermediate  between  bone  and  hom* 

HORN  SILVER.    Chloride  of  diver. 

HORNBLENDE.  A  sub-spedea  oT 
straighuedged  augite.  There  are  thiae  va^ 
rieties  of  hombhnde;  the  common,  bom* 
blende-sUte,  and  basaltic  hornblende. 

1.  Common  homhkndc  Colonr  greemsb. 
bUu;k,  and  black  of  other  shades.  Msadve, 
disseminated  and  crystalliaed,  in  a  broad,  thin, 
very  oblique,  four-sided  prism,  and  in  a  1' 
sided  prism.  The  lateral  pbnes  of  tbe  pr 
are  deeply  longitudinally  streaked, 
shining  pearly.  Cleavage  twofold  andob. 
lique  angular.  Fiacture  uneven.  The  black 
hornblende  is  opaque,  the  green  traaslaoait 
on  the  edges.  Harder  than  apatite,  bnt  not 
so  hard  as  felspar.  MountBitt.green  streak. 
Whm  breathed  on,  it  yields  a  peculiar  amelL 
Difficultly  frangible.  Sp.  gr.  3-2&  It  metis 
before  the  blowpipe,  with  violent  ^oBitioD, 
into  a  greyish-btack  odhNued  gbH.    Ittcon* 
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stitnents  an,  42  uUca,  12  ahimma,  11  Ume, 
2-25  magnesia,  30  oxide  of  iron,  0-26  ferru- 
ginuus  manganese,  and  0-75  water,  with  a 
trace  of  potash.  It  is  an  essential  ingredient 
of  the  mountain  rocks,  syenite,  and  greenstone, 
and  it  occurs  freouently  in  granite,  gneiss,  &c 
It  ia  found  abundantly  in  the  British  Islands, 
and  on  the  Continent. 

2.  Harnhlende^late.  Colour  intermediate 
between  greenish-black,  and  blackish-green. 
Maasive.  Lustre  glistening,  or  pearly.  Frac- 
ture atraight,  sUty,  Fragments  tabular. 
Opaque.  Streak  greenish.  Semi-hard.  Dif- 
ficultly frangible.  It  occurs  in  beds  in  gneiss, 
in  Aberdeenshire,  Banffshire,  and  Argyllshire, 
in  many  parts  of  England  and  Ireland,  and 
abundantly  on  the  Continent 

3.  Basaitic  hnmUende.  Colour  yelvet- 
Uack,  or  biownish-black.  It  occurs  crystal. 
liied,  in  the  following  figures:  an  unequi- 
angidar  six-aided  prism,  and  the  six-sided 
priam,  both  variously  acuminated.  Lustie 
of  the  cleavage,  which  is  double,  is  nplendent, 
approaching  to  pearly.  Fracture  small  grained, 
uneven.  Opaque.  Biather  harder  than  common 
hornblende,  and  more  easily  frangible.  Streak 
dark  greyish-white.  Sp.  gr.  3-16.  It  fiises 
into  a  bhudc  glass.  Its  constituents  are,  47 
silica,  2G  alumina,  8  lime,  2  magnesia,  15 
oxide  of  iron,  and  0*5  water.  It  occurs  im. 
bedded  in  battlt,  along  with  olivine  and  au- 
^te,  at  Arthur^s  Seat,  near  Edinburgh,  in 
Fifeshire,  and  the  Islands  of  MuU,  Canna, 
Bigg,  and  Skye.  In  the  basaltic  rocks  of 
England,  Ireland,  and  the  Continent — 
JametOH* 

HORNSTONE,  Professor  Jamcton^s 
ninth  sub-species  of  rhomboids]  quartz.  He 
divides  it  into  splintery  borostone,  conchoidal 
)     homstone,  and  woodstone. 

1.  Splintery  homstone.  Colours  grey,  red, 
and  green.  Massive,  in  balls,  lenticular,  and 
in  six-sided  prismatic  suppositidous  crystals. 
BulL  Fracture  splintery,  and  somewhat  like 
hom  in  appearance,  whence  the  name.  Trans- 
lucent  on  the  edses.  Less  hard  than  quartz 
or  flint  Difficuldy  frangible.  Sp.  gr.  2-6. 
Infusible  before  the  blowpipe.  Its  oonsdtucnts 
ue,  98-25  silica,  0-75  alumhia,  0-50  oxide  of 
iron,  0-50  water.  It  occurs  in  veins  in  pri- 
oiitive  countzies,  along  with  ores  of  silver, 
lad,  line,  copper,  and  iron,  and  forming  the 
hasb  of  homstone  porphynr.  It  is  found  in 
Anan,  Perthshire,  Argyllshire,  and  many 
other  eoundes  of  ScoUand,  and  abnndandy 
on  the  Continent  Homstone  porphyry,  at 
£6dale  in  Sweden,  is  cut  into  vases,  candle- 
sticks, Ifcc.  and  the  pedestal  of  the  statue  of 
Oustavus  III.  at  Stockholm  is  formed  of  it 

3.  Conchoidal  hortutone.  Colours  grey, 
vhite^  and  red.  Massive,  stalacddc,  and 
ludy  in  supposiddous  crystals,  whose  figures 
<>iginate  from  calcareous  kmu*.  Lustre  glim- 
n^oing.  Fracture  conchoidaL  Less  txans- 
iQoeut  dian  die  pieoeding  kind,  but  somewhat 


harder.  Radier  difficuldy  frangible.  Sp.gr. 
2'd8.  It  occurs  in  metalliferous  veins  and 
agate  veins,  and  along  with  daystone  in  the 
Pendand  hills. 

3.  JVooditone,  Colours  ash-grey  and  greyish, 
black.  The  various  shades  of  colour  are  in 
clouded  and  striped  delineadons.  It  occuiV 
in  rolled  pieces,  and  in  the  shape  of  trunks, 
branches,  and  roots.  Surfiu:e  uneven.  Dull 
or  glistening.  Cross  fracture  imperfect  con- 
choidal, longitudinal,  fibrous.  Translucent  on 
the  edges.  Hard  in  a  low  degree.  Rather 
difiiculdy  frangible.  Sp.  gr.  2-63  It  is  found 
imbedded  in  sandy  loam  in  alluvial  soil.  It 
occurs  near  Lough  Neagh,  in  Ireland;  at 
Chemnitz  and  Hilbeisdorf,  in  Upper  Saxony. 
It  receives  a  good  polish — ^amesoti, 

HORSERADISH  ROOT  yields,  by  dis- 
tillation, an  acrid  oil,  denser  than  water. 

HOSPITAL  ULCER,  die  matter  of, 
consists  of  a  peculiar  morbid  secretion.  It 
has  been  successfully  treated  by  washing  iHth 
dilute  nitrate  oi  mercufy,  nitric  acid,  and 
aqueous  chlorine. 

HUMBOLDITE.  This  rare  mineral  oc- 
curs in  small  crystals,  neariy  colourless  and 
transparent,  or  with  a  yellowish  dnge;  and 
occasionally  opaque.  They  are  usually  ir- 
regularly aggregated.  Shining  or  splendent 
Primary  form  an  oblique  rhombic  prism. 
Scratches  fluor,  but  not  glass.  It  seems  to 
contain  the  same  elements  as  Datolite.  It 
has  been  found  in  chalcedonic  gcodes  in  trap 
rocks  in  the  Tyrol. 

H  VM ITE.  A  mineral  of  a  reddish-brown 
colour,  which  occurs  crystallized  in  octohedrons, 
more  or  leas  truncated  or  bevelled.  Planes 
transversely  streaked.  Lustre  shining.  Trans- 
parent Scratches  quaru  with  difficulty.  It 
occurs  at  Somma  near  Naples,  in  a  rock  com. 
posed  of  grey-coloured  granular  topaz.  It 
was  named  by  Count  Boumon,  in  honour  of 
Sir  Abr.  Hume,-  Bart,  a  disdnguished  cul- 
tivator of  mineralogy. 

HURAULITE  A  new  mmeral  from 
the  Haute  Vienne  analyzed  by  M.  Vauquelin 
and  found  to  be  compo«ed  of 

Bases  (Iron  and  Manganese)  47.2 

Phosphoric  add  •        32.8 

Water  .         20.0 

1000 
Ann.  de  Chim,  xxx.  302. 

HYACINTH.  A  sub-species  of  pyramidal 
zircon.  Colours  red,  brown,  more  rarely 
yellow,  green,  and  grev.  It  occurs  in  angular 
grains,  and  crystallizea  in  a  rectangular  four- 
sided  prism,  variously  acuminated  or  trun- 
cated. Crystals  sre  small.  Lustre  specular 
splendent  Cleavage  fouribld.  Fracture  small 
conchoidaL  Semitransparent  or  transparent, 
and  refracts  double.  Harder  than  quartz,  but 
solter  than  topaz.  Radier  easily  frangible. 
Sp.  gr.  4.6  to  4J&    BdbR  die  blowpipe  it 
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lotei  in  eoliNir.  bat  not  ii«  tniMpMCDcy,  Md 
If  infvunble.    Its  oontdtiieDts  ue, 

from  Ceylon,        froni  Expeiflty. 
ZinoD,  70.00  66.00 

SUki,  25.00  31.00 

Oxide  of  ino,     0.50  2.00 

4.50  1.00 


100.00  100.00 

Klaproih.  VauqueUn. 

It  occon  embedded  in  gneiss  snd  syenite, 
in  basalt  and  lava,  and  dispersed  throng  al- 
luvial soil;  in  Auvergne;  near  Pisa;  m  the 
trap  rocks  round  Lisbon ;  by  Professor  Jame- 
son in  a  rolled  mass  of  syenite  in  the  shire  of 
Galloway;  and  abundantly  in  Ceylon. 

The  darker  varieties  sre  deprived  of  theic 
colour  by  heat,  a  fact  of  which  artists  avail 
themselves  to  make  siroon  resemble  diamond. 
It  is  esteemed  as  one  of  the  gems  by  lapidaries. 

HVALITE.  Cdknus  yellowish  and  c^- 
ish-white.  Generally  small  renifonn,botrmdal, 
or  stslactitic  Lustre  splendent  Fracture 
email  conchoidsL  TianslttceDt.  Modasately 
hard.  Sp.  gE.  2.2.  Infusible  before  the  blow- 
pipe.  Its  constituents  are,  02  silica,  6.33 
water.  It  has  been  hitherto  found  prindpaOy 
near  Frankfort  on  the  Maine,  where  it  occurs 
in  fissures  in  vesicular  basalt  and  basaltic 
gneAstone.    It  Is  cut  into  ringstones. 

HYDRARGYLLITK.     fVaveUUe. 

HYDRATES.  Compounds,  in  definite 
proportions,  of  metallic  oxides  with  water. 

HYDRIODATES.  Salts  consisting  of 
hydziodic  acid,  combined  in  definite  propor* 
tions  widi  oxides. 

HYDRIODIC  ACID.  See  Acid  (Hy- 
D&iooic),  and  Iodine. 

HYDRIODIDE  OF  CARBON.  See 
Cabbojt  (Chloride  of). 

HYDROCHLORIC  ACID.  Muriatic 
add  gas ;  a  compound  of  chlorine  and  hydio- 

^YDROCYANIC  ACID.     See  Acid 

(Peussic). 

HYDROGEN  GAS.   The  lightest  spedet 

of  ponderable  matter  hitherto  known.    It  wu 

,  discovered  by  Mr.  Cavendish  hi  176&    It  can 

be  procured  only  from  water,  of  whidi  it  forma 

an  essmtial  constituent. 

Into  a  phial  furnished  with  a  bent  tube 
fitted  to  its  cork,  or  into  a  retort,  put  some 
pieces  of  pure  redistilled  doc,  or  harpddu>rd 
iron  wire,  and  pour  on  them  sulphuric  add 
diluted  with  five  times  its  bulk  of  water.  An 
^ervesoence  will  ensue,  occasioned  by  the  de- 
composition of  the  water,  and  disengagement 
of  hydrogen,  which  may  be  collected  in  the 
pneumatic  apparatus.  For  very  accurate  le- 
sesjrdies,  it  must  be  received  in  jars  over  mer- 
cury, and  exposed  to  the  jomt  action  of  dry 
muriate  of  lime,  and  a  low  temperature.  It 
is  thus  freed  from  hygrooietric  water.  In  this 
•tate  its  8(Ky:ilic  gravity  is  0lQ694  at.  60«  F. 


aQdSabidbciorbaMNn..pnas«ne.  lOOcubk 
indiet  wei(^  J^.118  gia&s.  It  is  tbenSarm 
about  14.4  times  less  dense  than  eommon  «ir  ; 
16  times  less  dense  than  oxygen,  and  14  toaies 
less  dense  than  azote.  In  the  srtide  Gas  I 
have  shown,  that  when  it  stands  over  water  at 
60",  its  sp.  gr.  acquires  an  increase  of  scaxl|i 
one-seventh;  and  it  beoomea  about  0.77- 
From  the  great  rarity  of  hydrqgen,  it  ie  em- 
ployed for  the  purpose  of  JnAaring  varnished 
silk  bags,  whidi  are  raised  in  thq  air  undct 
the  name  of  balloons.  See  Aerostatxox. 
This  gas  is  ooloudess,  and  posseesed  of  all 
the  physical  properties  of  sir.  It  hM  uaoaHy 
a  sUg^t  garuc  odour,  arising  probaUj  fiom 
arseiScal  particles  derived  from  the  zinc 
When  hydrogen  is  passed  thiou^  pure  alco- 
hol, the  gas  loses  its  odour,  and  the  alcoboJ 
ibm  becomes  milky  with  water;  When  viater 
is  transmitted  over  pure  iron  in  i^  staftn  of 
ignition,  it  yiekU  hydrogen  more  irse  fiom 
smell.  It  is  eminently  combustiiilea  and,  if 
pure,  bums  with  a  yellowish-white  Aame; 
but,  from  accidental  contamination,  its  flame 
has  frequently  a  reddish  tinge.  If  e  naviow 
jar  filled  with  hydn^en  be  lifted  perpeodi- 
eularly,  with  the  bottom  upwaidst  and  a 
lighted  taper  be  suddenly  introduced,  the 
taper  will  be  extinguished,  but  the  gss  vOl 
bum  at  the  surface,  m  contact  with  the  air. 
Animal  life  is  likewise  speedily  extinguished 

5f  the  respiratkm  of  this  gas,  though  Sir  H. 
avy  has  shown,  that  if  the  longs  be  not  pve. 
viDttsly  exhausted  by  a  forced  expiratioo,  ii 
may  be  breathed  for  a  few  seoom  withooi 
mudi  seeming  inoonvenieDoe.  For  its  point 
of  aocension,  see  Cokbubtxov;  and  tat  its 
habitudes  with  liquids  and  solids,  see  Oas- 

The  discovery  by  M.  Dobereiner  ^ut  a 
stream  of  hydrogen  made  to  play  on  a  few 
giatna  of  pulverulent  or  spsogy  nlatinnm, 
placed  in  a  little  glass  cone,  ignited  it  to  suf±i 
a  degree  as  to  kindle  the  gss,  maybe  regarded 
as  one  of  the  most  shi^ilsr  phenomena  of 
chemistiy.  The  aperture  of  the  hydrogen  jet 
should  be  from  1  to  2  inches  distant  from  the 
platinum,-  in  order  that  the  atmospheric  air 
may  be  inteiming^  The  incandcsceux^ 
oontinnes  as  long  as  the  gas  continues  to  flow. 
It  is  truly  surprising  to  see,  by  a  reactioo  ap- 
parentiy  mechanical  between  two  fbnns  of 
matter,  one  the  lightest,  and  the  other  the 
densest  known,  so  intense  an  tSccti  The 
earoj^und  hydrogenous  gases,  such  as  am* 
moma,  olefiant  gas,  carbnetted  hydroges, 
muriatic  add,  &c.  are  i¥it  determined  iiy  thp 
platinum  powder  to  appropriate  ox/gen. 

On  directing  on  a  nuxture  of  platinum 
powder,  and  nitrate  of  platinnm  and  am- 
monia, a  jet  of  hydrogen,  the  mixture  ignites 
^lih  the  emission  of  luminoua  sparks.  The 
same  effect  takes  pUce  with  the  black  powder 
of  platinum  which  zinc  senarates  from  the 
solution  of  this  metal,  and  which  i»a  mixtnre 
ofyotaiide>of,pWiwun  and  platlmm  powder. 
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This  powte  hat  the  power  of 
by  degrets,  with  aoooe  of  oxjgeo, 
into  aeetacadd. 

Fulvamleat  pletinnm  ie  best  obtaiaed  for 
this  purpose  by  expotung  the  precipitated 
muriate  of  platmum  and  ammoiua  to  gentb 
ignition.  When  the  partides  become  ag- 
^utinated  by  a  higher  heat,  they  aie  ieiid«ed 
unfit  lor  the  expeumeot.  M.  Dohodner  had 
previooaly  shown,  in  Oilbert^s  Aimala,  hcxziL 
193,  that  not  only  the  protoKide^  platiouni 
of  Mr.  JS.  Davy,  ^see  Pi^tikum),  but  also 
the  oxidized  siil|diBiet  of  the  same  metal, 
poeseaees  the  proper^  of  canaing  aloohol  with 
which  it  is  moistened  to  be  converted,  at  the 
expense  of  the  atmospheric  ozygoa,  into  vine- 
«r  and  water.  The  oxidised  sulphuret  of 
IKtbereiner  is  procured  by  precipitating  the 
solution  of  this  metal  with  sulphuretted  hyw 
dingen,  and  exposiiig  the  wasoed  sulphuret 
for  aome  weeks  to  the  contact  of  air.  In  the 
singular  pivcesa  of  the  eonvenion  of  aloohol 
Into  vinogar  and  water,  1  atom  of  alcohol, 
says  he,  C  =  46)  absorbs  4  atoms  (  =  3S)  of 
o^gCD,  and  fbrma  1  atom  of  aeedc  add 
(=  31)  of  acetic  add,  and  3  atoms  (=  27)  of 
waten  Equal  vohunes  of  oxygen  and  vapour 
of  aloohol  mutually  combine  to  foim  e^nal 
volumes  of  vapour  of  acetic  add  and  vapour 
of  water;  fbr  1  atom  of  watsr  is  icqnkite  fiv 
die  fxiafence  of  free  acet&e  add. 

All  the  combustible  gasss  are  abaerbed  br 
the  above  oxide  of  platimmi,  sod  by  the  oxia* 
ixed  sulphuiet  of  the  same  metal;  but  oxygen 


and  carbonic  add  are  not  sffboted.  lOOgniiis 
of  the  oxide  abssrb  ftom  16  to  30  iaiies  of 
hydrogen,  and  develops  snifidant  heat  to  ignite 
the  oxide  and  kindle  the  hydrogen,  if  it  be 
frevaously  mixed  with  oxygen  or  atmospheric 
air. 

The  prepasatkm  of  phMinmn,  impiegnatsd 
with  hydrogen,  greedily  attracts  the  oxygen 
requidte  Ibr  convertiog  the  hydrogen  into 
water.,  HJence  if  the  atmospheric  air  be 
allowed  to  penetrate  into  the  tube  containing 
this  combination,  the  air  is  soon  diaoxygen* 
sled,  and  if  there  be  less  oxygen  then  is  ne- 
oesMry  to  saturate  the  hydrogen,  the  excess 
of  this  combines  with  the  aioie  to  ftem  am- 
nenia.  The  oxide  of  platinum  is  reduced  in 
this  operation,  and  no  longer  possesses  the 
fijcnlty  of  disposing  the  alcohol  to  change  into 
yinegpr,  nor  that  of  condensfaig  hydrogen,  but 
it  is  still  capable  of  detsnninlng  the  oonvcisfcon 
into  water  of  a  mixture  of  hydrogen  and  oxy- 
gen. Hence  he  was  led  to  the  remarkable 
action  of  spongy  pulverulent  platinnmon  that 
gaseous  mixture. 

M.  Dobereiner  states,  that  when  the  oxid- 
ind  sulphuret  of  platmum  is  put  in  contact 
^rith  gsseooa  oxide  of  carbon,  one  half  of  the 
volume  ia  condensed,  and  the  remaining  gas 
b  cnbonie  add.  Thus  we  see  that  the  oxkU 
>a<d  nlphniet  takes  carbon  from  its  oxide. 


MM.  Dulong  and  Thenaid  fbond,  diet 
thin  leaf  plaiinum  crampled  together  into  a 
pallet  acted  instandy  on  a  mixtnn  of  hydro- 
gen  and  oxygen,  though  the  same  leaf  rolled 
round  a  ^linder  of  glassy  or  suspended  by 
itself,  did  not  produce  any  effect.  Palladium, 
idiodium,  with  gold  and  sOver,  acted,  but  only 
St  elevated  temperatures.  Carbonic  oxide  and 
oxygen  form  carbonic  add;  nittoes  gas  is  de- 
oomjpoeed  by  hydrogen  in  contact  wi&  spongy 
pladnum ;  and  a  mixtura  of  olefiant  gas,  with 
soiBdeot  oxvgcn,  is  changed  into  water  and 
carbonic  ado. 

160  giains  of  iron  wire  aro  snffident  to  de- 
oompese  nearly  the  whole  of  a  tapid  current 
of  ammoniacal  gas,  transmitted  for  8  or  10 
hooB  through  a  moderatdy  ignited  tube,*  while 
thrice  the  weight  of  pladnum  wire  does  not 
produce  die  same  eS^  even  at  a  much  higher 
temperature.  Now  as  iron  so  well  separates 
the  elemenu  of  ammonia,  and  scaxody  at  all 
effects  the  combination  of  hydrogen  with  oxy* 
gen,  wiiile  with  platinum  it  is  the  reverse, 
these  French  chemists  aro  induced  to  suppose, 
that  some  gases  tend  to  combine  under  the 
influence  or  metals,  and  others  to  separate, 
the  effect  varying  with  the  natun  cf  eadi 


im  inflamea  a  jet  of  hydro- 
;  iridiu 


Spongy 


Sn,  as  well  as  die  platinum 
t,  producsDg  water;  cobalt  and  nidcel,  in 
masses,  cause  the  gases  to  combine  at  about 
300^  F. ;  cold  spoagy  platinum  forms  water 
and  amnKWia  with  nitrous  gas  and  hydrogen ; 
and  acted  also  on  mixed  hydrogen  and  nitrous 
oxide  gases. 

Mr.  Garden,  of  Oxford  Street,  (bund  that 
the  Mack  powder,  consisting  of  iridium  and 
osmium,  Idt  when  erode  pbtinttm  is  digested 
in  nitro-muriatic  add,  if  heated  red  hot,  and 
suffered  to  cool,  acts  as  well  as  spongy  platinum. 
itsdC    See  EimioiiBTBB. 

When  five  measures  of  atmospheric  air  aro 
mixed  with  two  of  hydrogen,  and  a  lighted 
taper,  or  an  dectrie  spark,  applied  to  the  mix- 
ture, explodon  takes  place,  three  measures  of 
gas  dis4>pear,  and  nioistun  is  depodted  on 
die  inside  of  the  glass.  When  two  measnres 
of  hydroeen,  mixed  with  one  of  oxygen,  aro 
dettnated,  the  whole  is  condensed  into  water. 
Thus,  therefore,  we  see  the  origin  of  the  name 
hydrogen^  a  term  derived  from  the  Ghnek  to 
denote  the  wmter-Jbrfner,  See  Watsr.  If 
a  bottle  containing  the  efferveacing  mixture  of 
iron  and  dilute  sulphuric  add  be  shut  with  a 
cork,  having  a  straight  tube  of  narrow  bote 
fixed  uprigDt  in  it,  then  the  hydrogen  will 
issue  in  a  jet,  which  being  kindled,  forms  the 
philosophicsl  candle  of  Dr.  Priestley,  If  a 
long  glass  tube  be  held  over  the  flame,  mois- 
tuK  will  speedfly  bedew  its  ddes,  and  har- 
monic tones  will  soon  begin  to  sound.  Mr. 
Faraday,  in  an  ingenious  paper  inserted  in  the 
lOdi  number  of  die  Jounal  of  Science,  states, 
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tliBt  carbonic  oxide  pgrodttces,  bf  Hie  action  of 
itii  flamet  "■"i^**  iound%  and  that  tfaerefive 
the  efot  is  not  doe  to  the  afibctioDs  of  aqoeoiu 
vapour,  M  had  fbaneAy  been  suppoaed.  He 
ahowi,  that  the  aoiind  is  nothing  mora  thaa 
the  report  of  a  eontinQcd  acploaim,  i^neaUy 
to  Sir  H.  DaYy*a  juat  theoir  of  the  conatitn. 
tioQ  of  flame.  Vapour  of  ether,  made  to  bum 
fnm  a  vnall  iq^Nrtnre,  pnducea  the  nme  ac^- 
nonms  effect  aa  the  jet  of  hydrogen,  of  coal 
na,  or  olefiant  gaa,  on  glass  and  other  tubea. 
Ulobea  from  seven  to  two  inches  in  diameter, 
with  short  necks,  give  very  low  tones ;  bottles, 
Florence  flasks  and  phials,  always  sucoecded; 
air  jais,  from  four  indies  diameter  to  a  very 
smaU  sbe,  may  be  used.  Some  angular  tabo 
wcR  oonstnicted  of  long  nanow  i]$s  of  glass 
and  wood,  phuang  tbrae  or  four  together,  so 
M  to  form  a  triangular  or  square  tube,  tying 
them  round  with  podc-thicad.  These  hdd 
over  the  hydrogen  jet  gave  distinct  tones. 

Hydrogen,  combined  with 

Oxygen,  forms  water. 

Chlorine,  muriatic  add. 

Iodine,  hydriodic  add. 

Cyanogen,  prassicadd. 

Carbon,  subcarb.  and  carb.  hydr. 

Aaote,  ammonia. 

Pho8{diorus,  suhnhos.  and  phoa.  hydr. 

Sulphur,  solph.  and  subsuL  hydr. 

Arsenic,  aisenuretted  hydrqgen. 

Tdlurium,  tdluretted  hydrosen. 

FMaadum,  potassoretted  hydrogco. 

For  an  account  of  these  several  oompounda, 
see  the  respective  bases.  From  the  proportion 
in  wludi  It  combines  with  these  bodies,  its 
prime  equivalent  on  the  oxygen  radix  is  fixed 
at  0.12A.  It  is  the  body  which  gives  the 
power  of  burning  whh  flame  to  all  the  sub- 
stances used  for  the  economicsl  production  of 
heat  and  light. 

In  that  valuable  r^odtory  of  phOosophical 
focts,  TiUoch*s  Magaafne,  we  have  the  follow, 
ing  notice  of  the  effect  of  hydrogen  gas  on  the 
voice :  ^'  The  Journal  Britannique^  published 
at  Geneva  by  Fkevost,  contains  the  folloinng 
artide :  '  Msunoir  wsa  one  day  amusing  him. 
sdf  with  Paul  at  Geneva,  in  breathing  pure 
hydrogen  air.  He  inspired  it  with  ease,  and 
did  not  percdve  that  it  had  any  sensible  effect 
on  him,  dther  in  entering  his  lungs,  or  pass- 
ing out  But  after  he  had  taken  in  a  very 
la^e  dose,  he  was  desirous  of  speaking,  and 
was  astonishingly  surprised  at  the  sound  of  his 
voice,  whidi  was  become  soft,  diriU,  and  even 
squeaking,  so  as  to  alarm  him.  Paul  made 
the  tame  experiment  on  himsdf,  and  the  same 


cfibet  was  produced.    I  do  not  know  wliedier 
any  thing  similar  has  occurred  in  breatbiog 
any  of  the  other  gases.*  **    VoL  iv.  p.  214. 
H  YDROGURET  of  sulphur.     See  Sul- 

VBUR. 

HYDROMETER.  The  best  method  of 
weighing  equal  quantitiea  of  oarroaive  volatile 
fluids,  to  determine  their  spedfic  gravhks, 
appears  to  oonsut  in  endosfaiff  them  fit  a  boe. 
tlie  with  a  eomcal  stopper,  in  me  side  of  which 
stopper  a  fine  mark  is  cut  with  a  fileu  Thr 
fluid  bdng  poured  into  the  bottle,  it  is  easy  to 
pat  in  the  stopper,  because  the  redondsDt  fluid 
escapes  tfaroogh  the  notch,  ormark,  and  may 
he  carefully  wiped  off.  Equal  bulks  of  water, 
and  other  fluids,  are  by  this  means  wdgfaed  to 
agreat  degree  (^accuracy,  care  bdng  taken  to 
keep  the  temperature  as  equal  as  possible,  by 
avoiding  any  contact  of  the  botUe  wkh  the 
hand,  or  otherwise.  The  bottle  itself  sbovi 
with  much  precision,  by  a  rise  or  fall  of  the 
liquid  in  the  notch  of  the  stopper,  whether 
any  such  change  have  taken  place.  See  Spe- 
cific Gravity  and  Alcohol. 

The  hydrometer  of  Fahrenhdt  condsta  of  s 
hoUow  ball,  with  a  counterpoise  bdow,  and  a 
very  dender  stem  above,  terminating  in  a 
small  dish.  The  middle,  or  half  hngth  of  the 
stem,  is  distinguished  by  a  fine  line  acrosa.  In 
this  instrument  every  dividon  of  die  stem  is 
rejected,  and  it  is  immersed  in  all  experiments 
to  the  middle  of  the  stem,  by  pbdng  prapor 
weights  in  the  little  dish  above.  Th^  sa  die 
part  immerMd  is  constantly  of  die  same 
magnitude,  and  the  whole  wdg^t  of  the 
hydrometer  is  known,  this  last  inigttt  added 
to  the  weights  in  the  dish,  wffl  be  equal  to 
the  weight  of  fluid  displaoed  by  die  instrument, 
as  all  writers  on  hydrostatics  prove.  And 
accordingly,  thesp.  gmvldes  for  the  oomrooo 
form  of  die  tables  will  be  had  by  the  prou 
pordon: 

As  the  whok  wdght  of  die  hydrometer 
and  its  load,  whoi  a" 


I  adjusted  in  dlstOkd 


Is  to  the  number  1000,  fte. 

60  is  the  whole  weight  when  adjusted  in 

any  odier  fluid 
To  the  number  expreasfaig  Itt  spedfie 

gravity. 

The  hydrometers,  or  peaeM^metHrt^  of 
Bcaum^,  though  in  reality  comparable  widi 
each  other,  are  subject  in  part  to  the  ddect, 
that  thdr  results,  having  no  Independent  au- 
meticd  messure^  require  expUnation  to  those 
who  do  not  know  die  instruments. 
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Beaumet  Hpdromeier  for  SpMit. 
Tempenture  65«  Fahrenheit,  of  109  Reanmar. 


Dcg.  Sp.  Or. 

36  =  842 
30  -837 

37  832 

38  .827 

39  -822 

40  817 


With  regard  to  the  hydrometer  for  salts,  the  affirmi,  that  the  slzty-suEtb  d^^ree  conespoiids 

learned  author  of  the  first  part  of  the  Ency-  nearly  with  a  specific  gravis  of  1-848 ;  and 

clopodia,  Gnyton  de  Idorveau,  who  by  no  as  this  number  lies  near  the  extreme  of  the 

means  considets  this  an  accurate  instrument,  scale,  I  shall  use  it  to  deduce  the  rest 


Beg. 

8p.Or. 

!>««. 

Sp-Gr. 

Deg. 

Sp.  Or. 

Deg. 

Sp.  Or. 
=  874 

10  = 

=  1-000 

17  = 

:-949 

23  = 

=  •909 

29  = 

11 

•990 

18 

942 

24 

•903 

30 

'868 

12 

•985 

19 

935 

25 

.897 

31 

862 

13 

•977 

20 

•928 

26 

892 

32 

857 

14 

970 

21 

•922 

27 

886 

33 

'852 

15 

•963 

22 

•916 

28 

.880 

34 

•847 

16 

.965 

Deg.    Sp.GT. 

0=r:  1*000 

3  1020 

6  1040 

9  1064 

12  1089 


Beaumtt  Hydnmeter  for  Salts, 
Temperature  56*  Fahrenheit,  or  Id^  Reaumur. 


Deg.  Sp.  Or. 
15  =  M14 
18  1140 
21  11 70 
24  1200 
27      1230 


Deg.  Sp.  Or. 
30  =  1261 
33  1-295 
36  1-333 
39  1373 
42      1-414 


Deg.  Sp.  Or. 
46  =  1455 
48  1.500 
51  1547 
54  1594 
57       1659 


Deg.  Sp.Or. 
60  =  1717 
63  1779 
66  1848 
69  1920 
72      24)00 


It  may  not  be  amiss  to  add,  however,  that  of  an  aseometer  of  Beaumi  by  actual  trial ; 

in  the  Philosopbical  Magasine,  Mr.  Bingley,  tempcratore  about  60«  Fahr.    But  his  appeMrs 

the  assay  master  of  the  mint,  has  given  the  to  have  been  a  different  instrument,  as  it  waa 

Ibllowing  numbers  as  the  spedfie  gravity  of  graduated  only  from  0  to  50**. 
nitric  aod,  £aund  to  answer  to  the  dqf^eea 


Deg.  8p.Gr. 

Deg.  Sp.  Or. 

Deg.  6p.Gr. 

Deg.  Sp.Gr. 

Deg. 

SpiOr. 

18  «  1150 

29  » 1250 

84  rsr  1.300 

38  r=  1.850 

48 

1400 

20   M67 

30   1-267 

85   1312 

39   1-358 

43 

1416 

96   1216 

31   1275 

36   1833 

40   1367 

46 

1.436 

28   1283 

82   1'288 

87   1-842 

41   1-383 

Theie  are  a  variety  of  hydrometeta  used  for 
detennining  the  strength  of  ardent  spfa^  See 
Alcohol  and  Distillation. 

HYDROPHANE.  A  variety  of  opal, 
wliidibasthe  property  of  beoommg  transpa- 
rent on  immerdon  in  water.  It  is  also  called 
ceuhu  mundi.  We  must  be  careftil  to  un« 
mena  them  only  in  pure  water,  and  to 
wididraw  them  whenever  they  have  acquired 
dieir  full  transparency.  If  we  neglect  these 
preeantioos,  the  pores  will  soon  become  filled 
with  earthy  particles  deposited  from  the  water, 
and  the  hydiiophane  wfllfcease  to  exhibit  this 
curious  property,  sod  will  remain  always  more 
or  leas  opaque. 

HYDROSULPHURETS.  Compounds  of 
sulphuretted  hydrogen  with  the  salifiable  bases. 
'  HYDROTHIONIC  ACID.  Sulphuretted 
hydrogen,  the  hydrosulphuiic  acid  of  M.  Gay 
JLusaac. 


HYDRURBTS.  Compounds  of  hydrogen 
with  metals. 

HYOSCIAMA.  A  new  vegetable  alkali, 
extracted  bv  Dr.  Brandes  ftom  the  hyotfdamos 
nigra,  or  henbane.  It  crystallises  in  long 
prisms,  and  when  neutrsliaed  by  sulphuric 
add,  or  nitric  add,  fonns  characteristic  salts.—. 
The  examination  of  the  allcaline  constituents 
ofnarootic  plants  demands  great  circumspec- 
tion, because  in  them  the  whole  poisonous 
properties  of  the  plant  are  concentrated.  The 
vapour  is  particularly  prejudicial  to  the  eyes. 
The  smallest  mond  put  upon  the  tongue  is 
very  dangerous. 

HYRBROXYMURIATES.  Salts  how 
csUed  Cblobatxs.  See  Acid  (Chlo&ic) 
in  the  sequd  of  Acid  (Muriatic). 

HTPONITROUS  ACID.    See  Acid 

(NiTEOUs). 

HYPERSTHNE.  Labradore  schiDenpar. 


JAB 
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Gdlonr  between  gieyiah  end  greeiiiali.black» 
bat  nemAj  oopper-ied  oo  the  deevage.  MsMiTe, 
diiwmiiTiitfd,  and  in  thin,  coived,  buneUiur 
ooDoetioni.  Lattre  shining,  metallic  pearlj. 
OesYage  double  oUique  angolaB-  Opaque. 
Streak  greeniah-gicy.  Hard  as  felspar.  Brit- 
tle. Sp.  gr.  3.4.  Infusible  before  the  bhnr- 
pipe.  Its  GonstitueBts  are^  64-25  silica,  14 
magnfsia,  2-25  alumina,  1*60  lime,  24*6  oxide 
of  Iron,  1  wnter»  and  n  tnoe  of  manganese.  It 
has  been  found  in  Labiadora,  Greenland,  and 


by  Dr.  M^Cullodi  in  die  Ide  ofSky^  It 
has  n  beautiful  copper-ied  colour  when  coft  mi^ 
polnhed  into  ring-stones  or  brooches. 

HYPOPHOSPfiOROUS  AGIO.  See 
Acid  (HrpOFROspHoitous). 

HVPOSULPUUhOUS  ACID.  See  Acid 

(HTPOSni.PHUROUS). 

HYPOSULPHUBIG  ACnX  See  Acid 
(Hyposni.PHUSic>;  which  three  acids  are 
treated  of  under  thephospboric  and  sulphurir. 
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JADE.    See  Nephrite. 

JALAP.  A  root  used  in  medldne  as  a 
purgative.  Bt  M.  Henry's  analpis,  the  oun- 
stituents  of  three  difiereot  varieties  of  this 
not  axe, 


Js].lc8er. 

JaL  Min. 

JaL  pique. 

Reshi»              €0 

48 

72 

Extract,           7^ 

140 

125 

Staxdi,             95 

102 

103 

Woody  fibre,  270 

210 

200 
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JALAPIN.  Mr.  Hume,  jun.,  of  Long 
Acre,  procures  a  aubstanoe  which  he  has  so 
named,  in  the  foDowing  manner.  Goarsely 
powdered  jalap  is  macerated  for  12  or  14  days 
m  strong  acetic  add ;  and  the  coloured  solution 
being  fittered,  is  to  be  treated  with  ammonia  in 
excess,  and  the  mixture  is  to  be  violently 
shaken.  A  sandy-loeldng  deposite  rapidly  falls, 
and  a  ftw  oyatals  form  on  the  sides  of  the 
vessel.  Both  of  these  aio  to  be  washed  with 
distilled  water,  re-dissolved  in  acetic  add,  re- 
piedpitated  by  ammonia,  whence  jalapine  falls 
down  in  small  white  adoilar  crystali. 

It  has  neither  taste,  nor  smell.;  is  seareely 
soluble  in  odd  water,  and  slightly  so  in  hoL 
It  is  insoluble  in  ether ;  but  dissolves  abun« 
dantly  in  alcoboL  Mr.  Hume  supposes  diat 
an  ounce  of  jalap  will  afibxd  5  grains  of  this 
substance.    mA  Joum,  U*  348. 

JARGON.    SeeZiscoK. 

JASPER.  A  subspecies  of  die  ihom- 
boidal  quart!  of  Pronssor  Jameson.  Ho 
enumerates  fivekinds :  Eoypdan  jaspcr,«triped, 
porcelain,  oomnoon,  andagate  jasper. 

1.  BgyfUan  Jasper,  of  whidi  there  is  red 
and  brown.  The  first  is  flesh-red,  blood-jed, 
yellow,  and  brown,  inring-^haped  delineations. 
In  roundish  pieoes.  DuU.  Fxacture  conchoidaL 
Feebly  transluoent  on  the  edges.  Hsid.  Easily 
fiangiblft  Sp.  gr.  2*63.  It  is  found  unbed- 
d«d  m  red  day^ironstone  at  Baden,  and  is  cut 
into  ornaments. 

The  bnmm  bar  its  various  diades  of  oobur 
disposed  In  oeneentric  stripes,  altemaling  with 
black  stripes.  In  spheroidal  maascL  Lustre 
gUmmering.  ihuoture  ooncboidaL  Feebly 
translaeent  on  the  edges.  As  hard  as  horn* 
■tooa.  8n.gc;2*8.  Itishifiisifale.  Itoemrs 
loose  in  the  sands  of  Egypt  It  is  cut  into 
ornaments. 


2.  Striped  jasper.  Gokwis  _ 
yellow,  red,  arranged  in  stripes,  in  namen,  or 
spotted  delineations.  Alassive  in  whole  beda. 
DuIL  Fracture  conchoidaL  Opaque.  Jjom 
bard  than  Egyptian  jasper.  Ratner  nasily 
frangible.  Sp.  gr.  2.5.  It  occurs  in  ae- 
oonckry  day-porphyry  in  the  Pentland-faiQa, 
and  near  Friburg  in  Saxony.  It  reoetvcs  a 
fine  polish. 

3.  Porcelain  jasper.  Coloors  grey,  fatue, 
yellow,  generally  of  one  colour,  orwithdaoded 
ddineation^  Massives  and  cracked  in  all 
^rcctioDB.  Lustre  glistening.  Fractnre  oon- 
choidaL    Opaque.    Easily  nanglble,  and  not 

Fuses  into  a  i 


very  hard.  Sp.  gr.  2<5. 
orgreygUss.  Its  constituents  axe  60-79  silica, 
27*25  alumina,  3  magnfaia,  2-5  oxide  of  iron, 
and  3«86  pocadL  It  is  always  found  along 
with  burnt  day  and  earth  al^.  Aoeoiding 
to  Werner,  it  is  slat)e.day  convened  into  a 
Und  of  pcndain,  by  the  beat  of  a  parndo 
volcano,  fitm  beds  of  buming  coaL  It  ia 
found  on  dtt  eoast  of  Fifeshiie,  in  ShwyAke, 
and  Warwickshire,  and  some  parisof  Germanj, 
wbae  immense  beds  of  coal  appeac 

4.  Common  jotter.  CdbuB  red  and 
brown.  Alaadve.  Lustre,  fiom  shining  to 
dulL  IFVactme  conchoidaL  Opaque.  Hard 
in  a  low  degree.  Rather  easily  ftnngible. 
Sp.  gr.  2-8.  Infusible  before  the  '  ~ 
bflooining  at  last  white.  It  ooouis  i 
in  veins  as  aoonstituent  of  agate.  It  is  i 
in  the  Pentland-hills,  and  in  trap  and  transi- 
tion  rocka  in  Avrshire  and  Dum&iea^luRw 
It  recdves  a  good  polish. 

&  Agate  jasper.  Golonn  yeDowiah-white 
and  reddisluwhite.  Massive.  DuD.  Fraccue 
flat  condioidal.  Opaque.  Hard  in  a  low  de^ 
giee.  It  oocun  in  layers  in  agate  balls,  in 
many  places. 

ICE.  See  Calouo,  TexpebatukEy 
Thebjcomstxr,  Wateb* 

IGELAND  SPAR.  See  Cai.ca&sov8 
Spar. 

ICE^PAR.    Asub-spedesoffdsBar. 

IGHTHYGPHTHALMITE.  SooAfo. 
phtllitx. 

IGHTHYOCOLLA.  Fishglue^ov/dn- 
glass* 

IDOCRASE.    SeeVEsuviAX. 

JEFFERSONITE.  A  new  ndnoal,  found 
in  lamellar  ma88C8»  imbedded  in  FnnUinite 
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•odfiMoet.  Uncdnew  betwMD  iaoc  iptf  wd 
apiitnt;  Sp.  gr.  3-<^.  Colour  dark  olive- 
men,  pMsmg  into  brown.  Slighdy  tian^* 
Ittoent  on  the  edgei.  Lustre  alignt.  Greyish 
Btxeak.  Melts  readily  before  ue  blowpipe. 
It  pieaents  three  distinct  deavages.  Consti- 
tuenta :  silica  56,  lime  15-1,  piotDX.  manga- 
neae  13>6,  peroz.  iron  10,  oxide  of  zinc  1-0, 
ahunina  2>0 ;  lou  by  calcination  1*0.  Loss 
1.-4  in  100 — Mr.  Jgeating  in  AtmaU  of  Phil 
N.  S.  iv.  234. 

JJ5LLY,  of  ripe  currants  and  other  ber- 
ries; a  compound  of  mucilage  and  acid,  which 
Ipsea  its  geladnizing  power  by  long  boiling. 

JENITE.    SeeliTEVRiTE. 

JET.    See  Pitch  Coal. 

IGASURIC  ACID.    See    AciA    (Iga. 

BU&IC). 

IGNIS  FATUUS.  A  luminous  appear- 
ance or  flame,  fireauently  seen  in  the  night  in 
different  country  places,  and  called  in  England 
Jmk  vUh  a  lantern^  or  WUl  wUft  the  wisp. 
It  seems  to  be  mostly  occasioned  by  the  extri- 
cation of  phosphorus  from  rotting  leaves  and 
other  vegetable  matters.  It  is  probable  that 
tiie  motionless  ignes  £eitui  of  Italy,  which  are 
aesn  nightly  on  the  same  spot,  are  produced: 
by  the  slow  combustion  of  sulphur,  emitted. 
tbrough.  defta  and  apertures  in  the  soil  of  that 
wolcanic  country. 

INCINERATION.  The  combustion  of 
vegetable  oc  animal  substanoea,  for  the  purpose 
of  obtaining  their  ashes  or  fixed  residue. 

INCOMBUSTIBLE  CLOTH.   See  As- 

BE8TUS. 

INDI AKITE.  A  mineral  of  a  whitish  or 
pieyish  colour,  with  a  shining  lustre;  trans- 
lucent ;  scratches  glass,  but  is  scnitched  by 
felspar.  Sp.  grav.  about  2>74.  It  consists 
crf^  ailica  42*6 ;  alumina  37*5 ;  lime  15 ;  iron 
3 ;  and  a  trace  of  manganese.  It  is  the  gangue 
of  Corundum  from  the  Camatic. 

IN0ICOLITE.  A  variety  of  touzmaline 
of  an  indigo-blue  colour,  found  in  the  mine  of 
Uioe  in  Sweden,  in  crystals.  Klapxoth  found 
it  to  contain,  alumina  40 ;  silica  35;  oxide  of 
irpD32. 

INDIGO.  A  blue  colouring  matter  ex- 
tracted from  a  plant  called  Anil,  or  the  Indigo 
Plant 

In  the  prepaiatioii  of  this  drug,  the  herb  is 
pat  into  a  vat  or  cistem  called  the  steeping 
trough,  and  Uiere  covoed  with  water.  The 
matter,  begina  to  ferment  sooner  or  later,  ao- 
cording  to  the  warmth  of  the  weather  and  the 
maturity  of  the  plant;  sometimes  in  six  or 
eight  houia,  and  sometimes  in  not  less  than 
twen^*  Ttic  liquor  grows  hot,  throws  up  a 
plentUul  frothy  thickens  by  deg^recs,  and  ac- 
quires a.  blue  colour  inclining  to  violet.  At 
wis  tune»  without  touching  the  herb,  the 
liquor  inomgnated  with  ita  tincture  is  let  out 
\3f,  oqcks  m  the  bottom  into  another  vat  placed 
foe  that  puipose  ao  aa  to  be  commanded  by 
tl^  first, 

Lkdw  socandiMtycaUed  the  beating  vaty  the 


liqpor  b  strongly  and  Isoessantly  beaten  with 
a  kind  of  budieta  fastened  to  poles,  till  the 
colonring  matter  is  united  into  a  body. 

As  soon  as  it  is  judged,  from  the  blue  colour 
of  the  liquid,,  that  the  beating  is  sufficient,  it 
is  left  at  rest  for  two  hours;  after  which  tfa* 
dear  liquor  is  drawn  off  by  cocks  in  the  side 
of  the  vat,  and  the  blue  part  is  discharged  bv 
another  cock  into  a  thira  vats  whmt  it  ia  sa£ 
finred  to  settle  for  some  time  limger;  then  con- 
veyed in  a  half  fluid  state  into  bags  of  doth, 
to  strain  off  more  of  ita  moisture ;  and,  lastly, 
exposed  to  the  air  in  the  shade  in  shallow 
wooden  boxes,  till  it  is  thoroughly  dry. 

Indiso  does  not  change  in  the  air.  li  is 
insoluble  in  water  and  e3i«r,  but  pecoeptlbly 
soluble  in  boiling  alcohol,  which  it  dyes  blue,, 
and  from  which  it  faUa  down  in  a  great  mea^ 
sure  on  cooling  It  is  instantly  decomposed 
by  chlorine.  When  one  part  of  finely  tritu- 
rated indigo  is  mixed  with  9  or  10  psrts  of 
concentmtra.  sulphuric  add,  a  solution  takea 
place,  and  in  a  few  hours  if  the  temperntuie 
be  about  100<»  F.  The  indigo  is  possibly 
slightly  altered  in  this  process ;  for  though  ita 
colour  is  unchanged,  it  has  acquired  the  pnu 
perty  of  dissolving  in  seversl  menatrua:  which, 
formerly  had  no  action  on  it,  and  it  is  no 
longer  susceptible  of  vaporization. 

Concentrated  nitric  add  exerdsea  a  vexw. 
powerful  action  on  indigo.  Even  when  diluteo, 
its  action  is  still  considerable,  and  seversl 
products  are  formed;  viz.  besides  those  do- 
rived  from  most  vegetable  substancea,  amnuK 
nia,  a  resinoua  matter,  and  bitter  prindplew 
When  14  parts  of  nitric  add,  sp.  gr.  1*430'« 
and  I  part  of  Guatunala  indiflo  are  distiUed 
together,  about  a  fourth  part  of  a  peodiax  add. 
is  obuined  with  a  small  quantity  of  jieUowr 
bitter  substance.  Repeated  washing  in  alco*. 
hoi  and  distilled  water  s^uated  thia  substance,, 
and  the  add  being  dissolved  in  bcilmg  water, 
and  oystaUized  by  cooling,  was  obtained  poze. 
The  sod  is  always  of  a  yeUow  colour,  of  a. 
bitter  taste,  crystidllne,  soluble  in  water,  and. 
when  placed  upon  a  hot  coal  deflagrates  some-» 
what  like  nitre.  Combined  with  potash,  soda», 
ammonia,  baivtes,  and  lima,  it  forms  neutod 
salts,  the  whole  of  which  aro  fulminating.  It 
is  quite  different  from  benzoic  add,  which  was 
said  by  Berthollet,  Foorcroy,  and  Vanquelln,. 
to  be  formed  from  nitric  acid  and  indjgo.<^<- 
Giomale  di  Fisicay  vii  414. 

Neither  liquid  muriatic  add  nor  alkaline  so- 
lotions  exert  any  condderaUe  action  on  hidiao. 

Bergmann  condudes,  from  his  analysia, 
that  100  parts  of  good  indigo  contain  of  mud- 
Uginous  matter  separable  by  water  12,  resi- 
nous matter  soluble  m  alcohol  6,  earthy  m»ttac 
taken  up  by  the  acetic  add,  which  doeat  not 
attadc  the  iron,  here»  in.  the  state  of  ozide,  32, 
oxide  of  iron  taken  v^  by  thenuixlatic  add  13. 

There  remained  47  pits,  which  ana  the 
colouring  matter,  nearly  m  a  state  of  purity. 

M»  Chievreul  hasgiven  the  fiiUowxiig  resulta 
of  a  very  elabon^te  «Milysi»qK3naliin»la  indiffw 
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V  0iflozygenixed  indigo^ 
J  Green  matter, 
(  Bitter  matter* 

{Green  matter,  30 

Red  matter, 
Indigo, 

By  muriatic  add  j  Carb^te^f  lime,  2 

Oxide  of  iron  and  alumina,  2 
Silica,  3 

Pare  indigo,  45 
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When  oommercial  Indigo  it  exposed  to  a 
heat  of  about  400<»  F.  it  evolves  a  beautiful 
crimson  smoke,  which  may  be  condensed  in 
crystalline  needles,  which  are  pure  indigo. 
The  blue  vat  of  the  dyer  contains  indigo  de- 
oxidized  by  protoxide  o£  iron,  and  rendered 
soluble  in  its  yellow-green  state  by  lime  water. 
If  a  portion  of  this  sMudon  be  exposed  to  the 
air,  in  a  shallow  vessel,  the  indigo  will  apeedily 
absorb  oxygen,  and  precipitate  in  its  usual 
state  of  an  insoluble  blue  powder.  This  being 
dried,  and  digested  in  a  mixture  of  alcohol  and 
muriatic  add,  becomes  also  pure  indigo  by  the 
abstraction  of  all  the  resin  and  lime.  In  this 
state  it  is  a  soft  powder,  of  an  intensely  deep 
blue,  verging  sometimes  on  purple.  It  is 
unchangeSile  by  the  air.  Every  substance 
which  has  a  great  affinity  for  oxygen,  when 
digested  with  indigo,  deprives  it  <^  the  blue 
colour,  and  converts  it,  ^ther  permanently  or 
for  a  time,  to  a  yellow  or  greenish-yellow  hue; 
Thus,  if  into  the  sulphate  of  indigo  above  de- 
scribed are  put  a  few  pieces  of  iron  or  zinc,  the 
nascent  hydrogen  seises  iu  oxygen,  and  disco- 
lours it.  Sulphuretted  hydrogen  acts  on  indigo 
at  common  tempenUures;  and  there  results, 
besides  indigo  at  the  minimum  of  oxidation, 
water,  and  probablv  a  slight  deposite  of  sul- 
phur. The  experiment  diould  be  made  in  a 
close  veasel,  and  it  takes  two  or  three  days  for 
its  completion.  Hydiosulphuret  of  ammonia 
has  the  same  elftct.  Indi«o  may  be  also  de- 
oxidised in  the  cold,  by  the  solution  of  prot- 
oxide of  thi  in  potash,  a  solution  procurable 
(according  to  M.  Theniurd)  by  pouring  Uouor 
of  potash  in  excess  on  the  protomuriate.  The 
protoxide  passes  to  the  state  of  deutoxide,  and 
the  potash  combines  with  the  disoxygenlzed 
indigo.  When  indigo  is  deoxidised  b^  oipi- 
ment,  it  is  better  to  promote  the  action  by 
heat  The  proportions  to  be  emploved  are, 
8  parts  of  orpiment,  6  of  alkali,  8  of  indigo, 
and  100  oi  water.  Sulphite  and  aiaenite  of 
potash  are  undoubtedly  formed,  while  the  de- 
oxidised indigo  combines  with  a  portion  of 
alkali,  as  in  me  other  cases  of  solution. 

Mr.  Cram,  in  his  elaborate  paper  on  indigo 
(Annals  of  Philosophy  for  Feb.  1823),  says 
that  the  long  flat  needles  of  sublimed  indigo 
split  readily,  when  bruised,  into  ibur-sided 
prisms.  Viewed  at  a  particular  angle,  they 
have  the  most  brilliant  and  intense  copper 


colour ;  bat  when  lying  in  heapt,  tlicy  hsvc  a 
rich  chestnut  brown  colour.  The  8p.gr.  of  suU 
limed  indigo  is  1>35.  By  my  analysis,  iniii|0 
consists  in  100  parts  of  71*37  cliaraoal,  4-Ss 
hydrogen,  14-25  oxygen,  10  aaote.  Bf  Mr. 
Cirum's,  its  constituents  are,  carbon  7^22, 
hydrogen  2-92,  oxygen  12-60,  and  aaoCe  11-2$ 
in  100  parts.  The  indigo,  when  modified  by 
solution,  in  sulphuric  aad,  be  calls  eeruim. 
When  it  undergoes  a  further  modification  by 
the  same  add,  he  names  it  fhenicitu 

Sulphuric  add,  rendered  snxddDg  hj  a  Httk 
sulphurous  acid,  is  a  better  solvent  of  i»%o 
than  pure  oil  of  vitriol.  By  boiling  a  litSe 
sulphur  in  this,  its  solvent  power  is  impnn«d. 
Nitric  add,  digested  on  indigo,  is  said  to  eon- 
vert  it  into  Mr.  Hatdiett*s  artificial  tannin,  a 
bitter  prindple,  with  oxalic  and  benaoic  adds. 
See  above. 

When  indigo  is  mixed  with  liquid  fiv- 
mentable  materials,  it  is  speedily  deoxydiaed. 

INK.  Evenr  liquor  or  pigment  used  for 
writing  or  printing,  is  distinguished  by  die 
name  of  ink.  Common  practice  knowa  nsily 
black  and  red. 

Of  black  ink  there  are  three  prindpal  kiisds : 
1.  Indian  Ink;  2.  Printers*  ink;  and^  3. 
Writing  ink. 

The  Indian  ink  is  used  in  China  for  wiitii^ 
with  a  brush  and  for  painting  upon  the  soft 
flexible  paper  of  (Chinese  manu&ctiue.  It  is 
ascertained,  as  well  from  experiment  as  from 
information,  that  the  cakes  of  this  ink  are 
made  of  lampblack  and  size,  or  animal  g^oe, 
with  the  addition  of  perfiimes  or  other  sab- 
stances  not  essential  to  its  quality  as  an  ink. 
The  fine  soot  fiom  the  flame  ma  lamp  or  candle 
recdved  by  holding  a  plate  over  it,  mixed 
with  dean  size  irom  shreds  of  parohment  or 
gbve-leather  not  dyed,  wiQ  make  an  ink  equal 
to  that  imported. 

Good  printers*  ink  is  a  blsck  paint,  smooth, 
and  uniform  in  its  compositioo,  of  a  firm  black 
colour,  and  possesses  a  singular  sptiinde  to  ad. 
here  to  paper  thoroughly  impregnated  with 
moisture. 

The  oondstenoe  and  tenadty  of  die  oil  in 
this  compontion  are  greatly  increased,  and  its 
greasiness  diminishod,  by  means  of  fire.  Un- 
seed oil  or  nut  oil  is  made  dioioe  of  for  this  use. 
The  nut  oil  is  supposed  to  be  tHp  best,  and  n 
aooordingly  preferred  for  the  black  ink,  dioagh 
the  darker  colour  it  acquires  from  the  fireicn- 
ders  it  less  fit  for  die  red.  It  is  said  diat  die 
other  expressed  oils  osnnot  be  suffidendy  fieed 
ttcm  thdr  unctuous  qualitv. 

Ten  or  twdvc  gallons  of  the  oil  are  set  over 
the  fire  in  an  iron  pot,  capable  of  holdnig  at 
least  half  as  much  more ;  for  the  oil  sweDs  up 
gready,  and  its  boiling  over  into  the  6n  wobU 
be  very  dangerous.  Wlien  it  boOs  it  is  kept 
stirring  with  an  iron  ladle ;  and  if  it  do  not 
itself  take  fire,  it  is  kindled  with  a  piece  of 
flaming  piqwr  or  wood;  for  simple  boiiinip 
without  the  actual  aeceosion  of  the  oQ,  doss 
not  communicate  a  suffident  degree  of  the  dry. 
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ingqoAlilynqiiiied.  TfaeoillsiiiflbfedtolmRi 
finr  half  AD  hour  or  moiei  and  the  flame  being 
Chen  extingiiiihed  by  covering  the  Tcnelcloee, 
the  boiling  is  afterwwda  continued  with  agen- 
tie  heat,  till  the  oa  appears  of  a  proper  oooaisu 
ence;  in  whiehttate  it  iscalled  vainish.  It 
is  neoeiiary  to  have  two  kinds  of  this  vamiah, 
m  thicker  and  a  thinner,  from  the  greater  or 
less  boiling,  to  be  oecasionaUy  mixed  together, 
•B  different  purpoees  may  require :  that  whidi 
answers  well  in  hot  weather  bdng  too  thick 
in  oold,  and  huge  charscten  not  requiring  so 
stiff  an  hik  as  small  ones. 

The  thidcest  ▼amish,  when  odd,  may  be 
drawn  into  threads  like  weak  aiue ;  by  whidi 
crilfetion  die  woriuneo  judge  ofthe  due  boiling, 
small  ouantities  being  from  time  to  time  taken 
out  and  dropped  upon  a  tile  for  tUs  purpose. 
It  is  very  visdd  and  tenadons,  like  the  soft 
resinous  juices,  or  thick  turpentinci  Ndther 
writer  nor  alcohol  dissdves  it;  but  it  readihr 
cMsuflfa  mingles  with  ftcdi  oil,  and  unites  with 
mocuaoes  into  a  mass  difiusthle  in  water  in 
an onulnvefbnn.  Boiling  with  canadc  alkaU 
tiroduoes  a  soapy  compound.  It  is  by  wash. 
mg  with  hot  ioap-leys  and  a  brush  that  the 
printers  dean  their  types.  Thd  oil  loses  irom 
one^tenth  to  one-dshth  of  itt  weight  by  the 
boUinginto  tlie  thick  varnish* 

It  is  affirmed,  that  Tarnish  containing  dther 
turpentine  or  litharge,  particularly  the  latter, 
is  more  adhesiTe  than  other  varnish,  and  pre- 
seaU  a  great  difficulty  in  cleaning  the  types, 
whidi  soon  beoomte  dogged.  Very  old  oil 
requires  ndther  of  these  additions.  New  oil 
can  hardly  be  brought  into  a  proper  state  for 
drying,  so  as  not  to  set  off,  witliout  the  use  of 
twrpendne. 

Lsmpbkck  is  the  coomion  material  to  give 
the  black  ooleur,  of  which  two  ounces  and  a 
half  are  suffident  for  sixteen  ounces  of  the 
varnish.  Vermilion  is  a  good  red.  They  are 
ground  together  on  a  stone  with  a  mulla»  in 
the  isme  manner  as  oil  paints. 

The  ink  used  by  copperplate  printers  differs 
in  the  dl,  which  is  not  so  much  boiled  as  to 
sequiie  the  adhedve  quality.  This  would 
render  it  less  disposed  to  ento*  the  cavities  of 
the  engraving,  ami  more  difficult  dther  to  be 
spiesd  or  wiped  off.  The  black  is  likewise 
of  a  diflefcnt  kind.  Instead  of  lampblack,  or 
sublimed  charcoal,  the  Frsnkfort  black  is  used, 
which  is  a  residual  or  denser  charcoal,  said  to 
be  msde  from  vine-twigs.  This  is  soifter  and 
kSB  gritty  than  tlie  ivory  or  other  blacks  pre^ 
pared  among  us,  and,  no  doubt,  contains  more 
cod  than  any  anhnd  reudue,  as  all  these 
abound  with  phosphate  of  lime.  It  is  said, 
that  honpbladL  gives  always  a  degree  of 
toHghoess  to  the  ink,  wliich  the  Frankfort 
bls^doesnot;  but  the  goodness  of  the  colour 
seems  tp  be  the  leading  inducement  fbr  the 
use  of  tfa«  latter.  A  pale  or  brown-black  can 
be  much  more  emkj  endured  in  a  book,  than 
ia  the  impreNioa  o/an  engraving. 


We  ^ve  no  good  ezplanatibn  of  wliit 
happens  with  regard  to  the  diemical  effect  of 
boffang  and  Burning  upon  the  oil  for  prinlen' 
use. 

Common  ink  for  writing  is  made  by  adding 
an  fflfusion  or  deeocdon  of  the  nut-gdl  to 
sulphate  of  inm,  dissolved  in  water.  A  very 
fine  black  predpitate  is  thrown  down,  tlie 
speedy  subddenoe  of  which  ia  prevented  by  the 
addition  of  a  proper  quantity  of  gum-arabic. 
This  is  usually  accounted  for  by  the  superior 
affinity  of  the  gallic  add,  wfaich»  combining 
with  the  iron,  takes  it  fiom  the  sulphuric,  and 
foils  down.  But  it  appears  as  if  this  were  not 
the  dmple  state  of  the  focts;  for  the  sulphuric 
add  hn  inb  is  not  so  for  disengaged  aa  to  act . 
speedily  upon  ftesh  iron,  or  give  other  mani- 
iesiatifliiB  of  itt  presence  in  an  unoombined 
state.  Aoeording  to  Deyeux,  the  iron  in  ink 
is  partly  in  the  state  of  a  gaUate. 

M.  Ribaucourt  pdd  partieular  attention  to 
the  process  for  making  bUek  ink,  and  ftom  his 
ezpoimentt  he  draws  the  fdlowinc  inferences : 
^That  logwood  ii  a  usefol  mgredient  in  hik, 
because  itt  cohmiing  matter  is  dispooed  to 
unite  with  the  oxide  of  iron,  and  rspders  it  not 
only  of  a  very  dark  odour,  but  less  capable  of 
dumge  ftom  the  action  of  adds,  or  of  the  air. 
Sulphate  of  copper,  in  a  oertam  proportion, 
gives  depth  and  firmness  to  the  colour  of  die 
ink.  Oum-arablc,  or  any  other  puro  gum,  ia 
of  service,  by  retarding  the  predpitation  of  the 
fecule;  by  preventing  the  ink  fmn-sprMding 
or  sinking  into  the  paper;  and  by  affordfaig  it 
a  kind  of  compact  varnish,  or  defence  firam 
the  air  when  dry.  Sugar  appears  to  have 
some  had  qualities,  but  is  of  use  in  giving  a 
degree  of  fluidity  to  the  ink,  wtudi  permitt 
the  dose  of  gum  to  be  enlarged  beyond  what 
the  ink  would  bear  without  it  Water  is  the 
best  solvent 

Lewis  had  supnosed,  that  the  defecto  of 
ink  arise  chiefly  nrom  a  want  of  colouring 
matter.  But  the  theory  grounded  on  the  foct 
discovered  by  M.  Ribaucourt  requires,  that 
none  of  the  prindples  should  be  in  excess. 

It  is  doobtfol  3vhether  the  prindples  of  the 
galls  be  wdl  extracted  by  maceration ;  and 
it  is  certain,  that  inks  made  in  this  way  flow 
pale  from  (he  pen,  and  are  not  of  so  deep  a 
blaek  as  those  wherein  strong  boiling  is 
recurred  to^ 

From  all  the  foregomg  condderations  M. 
R.  gives  these  directions  for  the  compodtion 
of  good  ink:— 

Take  Mxt  ounces  of  Aleppo  galls  (in 
coarse  powder) ;  four  ounces  of  logwood  (in 
thin  chips) ;  four  ounces  of  sulphate  of  iron  ; 
three  ounces  of  gum-arabic  (in  powder) ;  one 
ounce  of  sulphate  of  copper ;  end  one  ounce 
of  sugar-osndy.  Boil  the  gdls  and  logwood 
together  in  twdve  pounds  of  water  for  one 
hour,  or  till  half  the  liquid  has  evaporated. 
Strain  the  decoction  through  a  hair  sieve  or 
linen  doth,  and  then  add  die  other  ingiedieots. 


INK 
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«tit  fki  BuMM  «tt  te  K^nle  it  dimiM, 
lMn'ttp4ciii%lbegBH;  ■fter  wllkl^  Ian«ft 
to  Mbode  fot  tnrefitjufimr  faiun.'  Tbcn  decMft 
the  ink,  and  preserve  it  in  bottles  of  glan  or 

Mnytaconiiiiaiid,  tktt  ihto  aalplste  of  iicb 
thonUbeoakmcdtoWbitoiieM.  Mr.  Dcmt- 
fntaiiX)  ^mD.  an  ink  mMMifiutarcr  Sn  Spxtat- 
SOi^  has  givoi  tke  IbUdwing  in  tiie  Philoi. 


si|fliieBl  Magaane,  as  the  nsiilt  of 
fo^ta&tDoet^BwSL  foar  onnccft  of  logwodA 
•boiit  an  hour  la  six  beet  quarto  of  wator^ 
kidding  boiliiig  inter  ftom  time  to  titne; 
fltrain  wbEe  Iwt;  and  i^md  odd,  add  water 
enough  io  make  liie  liquor  fire  qvatts.  Into 
tlds  pat  one  pound  avmnpois  of  Uae  galls 
dMnself  bmised;  fonr  ouiioes  of  Bal|Aiate of 
inm  cakined  to  wfaitenessc  «fane  anoocs  of 
aoarsa  fannm  sugsr;  mx  oaaoos  «f  gooii. 
aialric;  and  ^  oonee  af  acetate  of  «opp«, 
Uiliilad  ifkh  a  Utile  of  die  deooedon  to  a 
|NMs^  and  than  ftsroagfaly  onaced  with  thfe 
MBt»  This  is  to  he  kept  hi  a  botde  unoorkHl 
ahout  fc  fiirtnigfat,  Aakhig  H  twice  a^j,  afbr 
whibh  it  nfSy  he  pooaed  fitan  ike  dregs,  and 
osiksd  up  ihr  use. 

Dr.  Lewis  tses  TiBagiir  for  his  meRstmnin ; 
and  M .  Rftaacourt  has  aalphato  of  copper 
anteg  his  iagredieBts.  I  have  found  an 
ineollTenienoe  fton  the  use  of  either,  whidi, 
Ihoagh  k  does  not  leiate  to  the  ooedtoess  of 
tittlME,  is  soffidaatly  great,  in  their  practical 
ejdiSh&tioB,  to  forbid  their  vse.  The  add  of 
the  tfnegar  acts  so  atzong^y  upon  the  pen, 
tfiat  it  Tcry  frequently  requires  toeadlngt 
and  the  sn^hate  of  cq^er  has  a  still  more 
wnfdtotent  efiect  on  the  penknUb.  It  seldom 
haf»pens  whsn  a  pen  requires  mfltidhig«  timt 
the  iidc  is  wiped  yery  p^iectly  fVom  it  $  and 
oftea,  idicn  the  nib  only  is  to  be  taken  off,  it 
is  done  without  wiping  at  all.  Whenever 
Ais  is  Ih6  case,  the  iidc  inunediatdy  deposits 
a  iihn  of  copper  i^kxi  the  Imtfe,  and  by 
SBperiOr  elective  attraction  of  the  solpfauric 
add,  a  oorrespandent  portion  of  the  edge  of 
the  knife  is  dissolved,  and  is  by  this  means 
MfideRd  incapable  of  cottiDg  till  it  has  been 
igain  set  upon  the  hone. 

U  a  Httle  sugar  be  added  to  ink,  a  copy  of 
the  wtitug  may  easily  be  taken  off,  by  laying 
a  sheet  of  thin  nasiaed  paper,  damped  with 

ponge,  on  the  written  paper,  ana  passh^ 

htly  l»ver  it  a  flat  iron  very  moderately 
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Inks  of  other  colours  may  be  made  from  a 
attong  decoctioA  of  the  faigf^ienfs  used  in 
dyeing,  mixed  with  a  littte  alum  and  gom- 
acabic  For  example,  a  strong  decoction  of 
Brazil  wood,  with  at  much  ahim  as  it  can 
^ssdve,  and  a  little  gum,  fonm  a  good  red 
Ihk.  Thaae  pmcesses  consist  in  Anodng  a 
hdaa,  and  retudug  its  prec^itatum  by  the 
gun.    6oe  I«4tE. 

On  Bady  oaeasfaaia  it  is  of  importance  to 
«npkiy  an  hik  hidcMHtct&le  by  any  pmoaH, 


whidh  it  Is  i^^liBd;  Mr.  Clmi  tea  i 
mendhd  fir  tiis  pnspose  innmljr  flm  ipnia 
copal  m  powder  disBalved  in  9M  gmtas  ftf  «a 
4»f  lavender,  by  the  asiriatsftMe  nf  gsnfle  lbea^ 
«nd  tten  mixed  widi  two  and  a  half  i^alta 
of  lamphhuk,  and  half  a  gnrin  of  hsdiga; 
ar  190  gmms  of  oil  of  iavaidcis  ^vrnttm 
grains  of  oopd,  and  siany  gmiaa  iif  ii  iwiilii 
A  fittle^lvf  lavender,  orof  tn|»entfaa,mi[y 
he  added,  if  the  ink  be  foond  1m  iMel. 
Mr.  Shddfake  saggsMs,  that  a  niiAaie  tf 
genuine  asphaltum  dissrived  in^  of  taiM- 
-tftie^  amber  vamiah^  and  lanfpUack,  tPMld  be 
atiH  superior. 

Wocn  wciong  with  connuAi  isk  Ihm  besa 
cflieed  by  tneaos  of  aqaeaos  chfarine,  ihe 
Tapmrnf  Bulphiirrt  nf  siniftiniia,  la  hiaiinisliai 
m  water  impsegnated  with  thia  iiil^^toict, 
wili  fftader  it  again  legible.  Or,  If  4k 
fNiper  that  contained  the  «tMng  bo  fut  talD 
a  weidc  sohitkni  of  pmssiato  of  wmmIi,  sad 
when  it  It  thoioogbly  wet,alinle  siapfavffe 
sundba  added  to  tt<  liqqor,  so  aa  to  r uider  k 
slightly  addtloos,  the  sattio  pdvposk  vfi  be 
answered* 

Mr.  Hauisman  has  f^ven  iinnfi  miiijuaitii 
iat  maiking  pieeesof  cotton  o»  iia«n,  pacnptais 
to  their  being  bleached,  which  arac^MMeaT 
feasting  every  opcfatloa  in  the  pmcatoca  both 
of  bleaehiog  and  dyemg,  and,  OHiasqneiiliy, 
might  be  amptoyei  in  aaarkhig  iiaea  Ut 
domestic  pntposes.  One  of  these  eonriUs  of 
hsphakum  dissolved  in  about  fonr  paMs  of  ^ 
tof  torpentioe,  and  with  thb  Is  to  be  ndaed 
lampbladc,  or  black  laad  to  fina  powitr,  aa 
as  to  make  an  ink  of  a  prop*  iwirfimrif  for 
printing  with  types.  Another,  the  blaekfrfh 
sulphate  left  after  cxpeUiiig  dxygcn  gat  fiam 
oxMe  of  manganese  with  a  modemto  he^ 
being  dissolved  and  fflcered,  the  dadr  my 
pasty  oxide  kfl  on  the  fftler  is  to  be  OD&ad 
with  a  very  little  solutiott  of  g«B4xagacaiitb, 
and  the  doth  marked  wHhdibistobe  dl|»ped 
in  a  tolntion  of  potash  or  soda,  mild  or  canatic^ 
in  alKNit  ten  parts  of  water. 

Amcog  the  amusinff  expeiimtma  of  the  art 
of  chemistry,  the  es£ibitlan  of  syiijUiaihrtk 
inks  holds  a  distinguished  plae&  Wirii  dnse 
the  writiag  h  invisible,  until  sotaifc  loagm 
gives  it  opacity.  We  shall  hen  meMkai  a 
few  out  of  the  gnat  number,  that  a  sight 
acquaintance  with  chemistty  may  snggest  to 
tiie  stodent  1.  If  a  weftk  iafoaiai  of  gaBs 
be  used,  the  writing  witt  be  hivisible  dH  the 
paper  be  moistened  with  a  wieak  aolaiioB  of 
sa^ate  of  iron.  It  then  becomes  Uack,  be. 
cause  these  ingredientt  fonn  ink.  8.  If  paper 
be  soaked  in  a  w«ak  farfhiioB  of  gaBa,  aad 
dried,  a  pen  dipped  In  Hie  ftdlBfion  of  an^pbate 
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aolutioos  of  gold  nd  i 
upoli  the  paper,  Ol  exposed  to  dtosuo's  Hgfatp 
whidi  gives  a  datk  coImt  to  te  atidas,  and 
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them  viitUe.  4.  Mostof  the  adds, 
or  Beline  iokitioni,  befaig  diluted,  axid  need  to 
write  with,  become  viable  by  heatinc  before 
the  6xe,  wbidi  ooncentntes  dmn,  ana  aanets 
their  actioD  on  thepapei:.  &  Diluted  pruniate 
of  potadi  afibrds  blue  letten  when  vetted  with 
the  aohition  of  sulphate  of  iron.  6L  The  so- 
lution of  cobalt  in  aqua  regia,  when  diluted, 
affords  an  ink  which  becomes  green  when  held 
to  the  fire,  but  dissppeaxs  again  when  su£fered 
to  cool.  This  has  been  used  in  ftnclfiil  dxaw- 
iags  of  trees,  the  green  leaves  of  which  appear 
when  waim,  and  vanish  again  by  cold.  If 
the  heat  be  oontinued  too  long  tSba  the  letters 
appear,  it  renders  them  pemument.  7*  If 
Made  of  cobalt  be  dissolved  in  acetic  add,  and 
a  little  nitre  added,  the  solutioD  will  exhibit  a 
pale  rooe  laolour  when  heated,  which  diaappeaxs 
OB  codling.  8.  A  solution  of  equal  parts  of 
sulphate  of  copper  and  muriate  of  ammonia, 
gives  «  yellow  colottr  when  heated,  that  dja- 
appeaxB  when  cold. 

Syn^Hithetic  inks  have  been  proposed  as  the 
instrumenca  of  seoet  conespondenoe.  But 
they  are  of  little  use  in  this  respect,  because 
the  pioperties  change  by  a  few  days  remaining 
on  me  paper;  moat  of  them  have  more  or  less 
of  a  tinge  when  thoronghly  dry;  and  none  of 
them  leaiat  the  test  of  bating  the  paper  till 
it  begins  to  be  scorched. 

Nitrate  of  silver  for  a  surface  hnpregnated 
with  carbonate  of  soda,  and  muriate  (u  gold 
lor- one  Smprmnated  wi^  protomuriate  of  tin, 
fi>im  good  in&Uble  iaks. 

INSECTS.  Various  hnportant  products 
are  obtained  from  insects.  The  chief  are, 
1.  Ganthaiides;  2. imilq)edes;  3.  Cochineal; 
4.  Kermea;  5.  Lac;  6.  Silk;  7*  Wax. 

INSTRUMENTS  (CHEMICAL).  See 
BAi.A]rcE,  Tbxamojceteb,  LABOajL* 
ToaT. 

INTESTINAL  CONCRETIONS.  For 
a  description  of  such  of  these  as  occur  in  the 
infedor  animals,  see  Bezoak. 

I  ahall  here  insert  an  account  of  a  very 
curious  concretion  extracted  from  the  rectum 
of  a  woman  in  Perthshire,  in  the  year  1817* 
She  is,  I  believe,  still  alive.  It  was  sent 
to  me  by  her  physician.  Dr.  Kennedy  of 
BunniQff.  The  following  paper  was  written 
at  the  ome,  and  an  abstract  pubUshed  in  a 
Irtmdon  Medical  Journal,  in  the  autumn  of 
the  same  year. 

The  form  of  the  ooocretion  is  a  oonq[»essed 
cylinder ;  the  length  and  larger  diameter,  each 
oneindi;  the  suMller  diameter,  three  quarters 
of  sn  inch.  In  hardness  it  Is  equal  to  wax, 
but  without  its  tenacity.  One  of  the  ends, 
which  is  pdhabed  and  glistening,  exhibits  the 
Appearance  of  concentric  lamina^  fonned  of 
cncular  brown  lines,  in  a  yeUow  basis.  Its 
>^  faave  the  lustre  and  marbled  appearance 
of  Castile  soap.  Its  internal  structure  is 
gruuUff,  a]pproadihig  to  crystalline,  with  ra- 
uatioDs  from  the  centre  to  the  dicumfiBKence, 


of  biown  and  bright  veUow  Jinot,  pniniassd  «f 
peail|r  lustre.  It  is  fnaUe  between  the  fingers, 
covenng  them,  on  pressuze,  with  a  Bvady 
powder,  of  but  little  unctuooi^. 

Its  wei^  is  167.5  gesins.  Specific  gnvi^ 
of  the  mass  seems  at  first  inferior  to  tint  of 
distilled  water;  for  it  floa«i  on  it finr  a  lik]% 
but  it  afterwards  sinks  to  the  bottook  In« 
solution  of  muriate  of  soda,  sp.  gr.  1.0136,  a 
fhigment  of  it  remains  swmended  in  any  part 
of  the  fluid.  This,  therefiKe,  is  its  specific 
gravity- 
Its,  odour  is  strono,  but  by  no  means  dis- 
agreeable. It  is  decidedly  mudgr^  <«  more 
precisely  that  of  ambergris. 

Water  has  no  action  on  it,  nor  dees  it 
a£fect  the  purple  of  litmus.  It  remains  solid 
in  boiling  water.  When  it  is  heated  to  the 
tempeiature  ef  about  400°  F.,  it  fiises  into  a 
Uack  mass,  and  exhales  a  oopioos  white  smoke, 
in  the  odour  of  whidi  we  may  recogmsse  that 
of  ambergris,  ndxed  with  the  smell  <tf  bwniqg 
fat.  Exposed  in  a  nlatiaa  eapsnls  to  a  dull 
red  heat,  it  bums  witn  much  flame  and  irmtkn^ 
leaving  no  appredable  lesiduunk 

It  dissolves  xapidly  in  sulph.  ether,  fimning 
sn  amber-cdound  liquid.  When  the  ether 
evaporates  away,  white  glistening  scales,  of  a 
miooeons  appearance,  are  left. 

Ten  parts  of  hot  alcohol  disKdve  one  of  it, 
but  as  the  alcohol  cools,  the  ^eater  part  mt^ 
dpttates  in  these  soft  crystalhne  scalea,  while 
the  surface  of  the  liquid  becomes  covered  widi 
a  beautiful  iridescent  pellicle,  presenting  stel. 
lated  radiations. 

Naphtha,  the  fixed  and  vobtileoila,  readily 
act  upon  it,  forming  bright  yellow  solutions. 

Smsll  fiagments  of  it,  exposed  on  a  sand 
bath,  for  two  days,  in  aglass  capsule,  contain* 
ing  the  water  of  pure  potash,  were  not  jfound 
to  be  altered  in  their  siae  or  appearance. 
Neither  does  liquid  ammonia,  digc^ed  on  it, 
produce  the  slightest  effect.  In  tiiese  respects, 
it  possesses  more  analogies  with  ambergris 
than  with  any  other  substance  I  know.  I 
was  hence  led  to  imagine  that  the  white 
smoke  which  it  exhales  at  a  moderate  heat 
was  benioic  acid,  which  this  substance  is  said 
copiously  to  contain. 

An  alcoholic  solution  ai  the  concretion  was 
therefore  added  to  water  of  ammonia,  when  a 
milky  liquid  was  produced  by  the-  separation 
of  the  substance,  in  a  finely  divided  state. 
Tliis  mixture  wss  evaporated  to  dryness  by  a 
gentle  heat,  hi  order  to  |;et  rid  of  the  alcohol 
and  uncombined  ammmua.  Warm  water  was 
then  digested  on  the  residuum,  and  the  whole 
poured  on  a  filter.  The  liquid  which  passed 
through  should  have  contained  benaoate  of  am* 
monia,  provided  any  bennne  aeid  exiited  in 
the  concretion.  It  was  divided  into  two  por* 
tions.  Into  one  of  these  a  few  drops  of  dflnle 
sulphuric  add  were  poured,  and  the  addidoiifl 
fluid  was  then  concentrated  by  evMoratkm  in 
a  gUMS  capsule;  bnt  on  cooU^g,  it  lAided 
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M>  traces  of  benxcric  acid.  An  extremely  mi- 
nute quantity  of  benioftte  of  ammonia,  treated 
in  the  same  way,  for  comparison,  gave  the 
characteristic  crystals  of  that  acid.  The  other 
portion  vas  added  to  a  neutral  solution  of  red 
murfaie  of  iron,  but  no  precipitate  ensued.  A 
Tery  small  partids  of  crystallized  benzoate 
of  ammonia  being  added  to  the  same  muriate, 
speedily  gare  the  brown  precipitate,  bat  pro- 
du(xd  nodiange  whatever  onsolutions,  perfectly 
neutral,  of  die  green  muriate  and  sulphate ;  a 
fact  of  consequence  to  show  the  state  of  oxi- 
-disement,  in  which  iron  exists  in  a  mineral  or 
saline  combination,  indicating  also  an  easy 
method  of  separating  the  two  oxides  of  thu 
meta).  from  the  abore  experiments  we  may 
infer,  with  much  probability,  that  the  concre- 
tion contains  no  ben«nc  add. 

Nitric  add,  sp.  gravity  1.300,  digested  on 
it  at  a  gentle  heat,  and  then  cooled,  converted 
the  substance  into  bright  ydlow  ^obules, 
denser  and  less  friable  than  the  original 
matter,  and  somewhat  semitransparent,  like 
impure  rosin.  There  was,  however,  no  true 
solution  by  the  add ;  nor  was  the  combusti- 
bility in  the  least  impaired,  by  the  operation. 

As  our  Institution  possesses  spedmens  of 
veiy  fhigrant  ambergris,  said  to  have  been  im. 
ported  in  the  genuine  state  from  Persia,  I  was 
desirous  to  compare  their  chemical  relations 
with  those  of  this  morbid  concretion.  Two  of 
the  pieces  of  ambergris  differ  in  many  respects 
fiom  one  another.  The  first  is  of  a  light  grey 
colour,  with  resinous  looking  points  inter- 
spersed through  it,  and  has  a  density  con- 
nderablv  greater  than  water.  It  is  1.200. 
"When  neated  in  water  to  the  temperature  of 
130*>,  it  (Uls  down  into  light  spongy  fragments. 
The  second  has  a  specific  gravity  of  0.059 ;  it 
is  darkish  brown  on  the  outside,  and  light 
brown  within.  In  water  heated  to  the  above 
degree,  it  softens  into  a  viscid  substance  like 
treade.  Both  are  readily  dissolved  in  wann 
alcohol,  but  the  latter  yields  the  richer  golden, 
coloured  sohition.  As  the  alcohol  cools,  a  sc- 
paration  of  briUiant  scales  is  percdved.  With 
ether,'  naphtha,  the  fixed  and  volatile  oils,  the 
phenomena  es^ibited  by  ambergris  are  abso^ 
lutdy  the  same  as  those  presented  by  the  con: 
cretion  with  tliese  solvents.  The  alcoholic 
solution  mixed  with  liquid  ammonia  gives  a 
dmilar  nulky  emulsion. 

The  lighter  spedmen  of  ambergris,  dtposcd 
to  a  gende  heat  over  a  lamp,  in  a  glass  tube 
sealed  at  one  end,  fuses,  and  evolves  a  volatile 
oif  in  dense- vapour,  which  is  condensed  on  tHfe^ 
uppte  pert  of  the  tube.  A  visdd  substance 
like  'fiur  remains  at  the  bottom.  The  oil  re- 
'  8em6lkB>^  the  sucdnic,  and  has,  like  it,  a  dis- 
agreeMtfompyreumatic  odour.  The  denser 
ambei^grftf^'bdng  subjected  to  heat  in  like  cir- 
cumstancet;  mrita  less  readily  and  completely, 
emits  the  ^atsk  Volatile  empyreumatic  oil,'  ac- 
companied witfa'ciyBtalline  needles,  deddedly 
addulMis.     These  are  dther  the  bcnrdc  or 


succinic  add.  They  prednitate  penudde  of 
iron  firom  the  neutral  red  muriate.  The 
smdl  of  the  accompanying  oil  is  certainly  that 
of  amber  \  but  I  have  hitherto  obtained  too 
small  quantities  of  the  add,  to  be  able  to  de- 
termine  to  which  of  the  two  U  bdongs.  The 
following  experiments  were  made  with  this 
view.  My  first  object  was  to  discover  a  good 
criterion  for  discriminating  benzoic  from  aie- 
cinic  add.  In  operating  necessarily  on  snokall 
quantities,  the  distinction  becomes  peculiaiiy 
mfficult.  Both  are  volatile,  crystallizable,  and 
fall  down  with  peroxide  of  iron,  fiom  saline 
solutions  of  this  metal.  After  many  triab  I 
feially  ^  on  the  following  plan,  which  an. 
swers  very  well,  even  with  pretty  minute  por- 
tions. I  saturated  each  add  with  ammooia, 
evaporated  to  a  dry  cxystallme  mass  by  a 
4Kentle  heat  Into  a  small  glass  tube,  sealed 
at  one  end,  I  introduced  a  portion  of  the  ben- 
zoate. The  tube  was  recurved.  I  exposed 
the  bottom,  where  the  salt  was  placed,  to  the 
heat  of  a  lamp,  but  very  cautiously.  Pusgoit 
ammoniacal  gas  was  exhaled,  and  the  water  of 
crystallization  that  distilled  over  was  fbond 
strongly  impregnated  with  ammonia.  To  avoid 
all  ftllacy  in  this  result,  I  slightly  sopexaatu. 
rated  the  ammonia  befordiand  with  ne  add. 
In  the  middle  of  the  tube,  pure  benioic  acid 
was  found,  in  adcular  crystals.  The  succinate 
of  ammonia,  on  the  contrary,  saUimea  without 
decomposition. 

I  now  took  a  few  gri4n8  of  the  denae  am« 
bergris,  digested  with  alcohol,  added  water  of 
ammonia,  boQed,  filtered,  and  evaporated  to 
dryness.  The  quantity  of  saline,  matter  ob- 
tained was,  however,  too  minute,  even  for 
the  above  mode  of  applying  an  analytical  cri- 
terion with  satisfaction ;  and  bdzig  unwilling 
to  consume  more  than  a  few  grains  ofa  sped* 
men  belonging  to  a  public  establishment,  I 
preferred  waiting  till  some  future  opportunity 
might  occur  of  examining  genuine  ambergris. 

From  the  lighter,  and  by  its  outward  ap. 
pcarance,  more  characteristic  specimen  of  am- 
bergris, I  could  not  obtain  even  a  trace  of  ben- 
zoic acid,  though  I  modified  the  temperature 
fbr  sublimation,  and  other  circumstances,  in 
every  way  I  could  think  of.  The  oil  that  rase 
would  not  redden  the  most  delicate  litmus 
paper. 

In  open  capsules,  fragments  of  the  amber- 
gris,  being  exposed  to  a  pretty  strong  heat, 
exhaled  the  copious  subhetid  smoke;  nd 
afterwards  burned  with  the  yeDow  ftune  ex. 
bibited  by  the  concretion.  Fragmenta  of  the 
concretions,  exposed  to  heat  in  a  g^ass  tube, 
fused,  eovolvod  the  heavy  smoke,  which  con- 
densed into  a  visdd  empyreumado  smelling 
oil.  and  in  every  respect  comported  tisdflike 
fliFlight  ambeigris. 

*  I  therefore  must  infisrlt  to  be  a  modification 

of  ^l>eiigri8.     It  differs  deddedly  from  the 

,  adi{ibc^  6f  dead  bodies,  which  fonns  an  emol- 

lion  with  qold  water,  is  fksible  in  bojUng  i 
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grre»  a  soap  with  evolution  of  ammonia  when 
treated  with  potash,  and  yields  a  clear  solution, 
when  gently  heated,  with  liquid  ammonia.  It 
lesembles,  however,  in  many  respects,  the 
chdesterine  of  biliary  calculi ;  and  I  have  no 
doubt  that  eholesterine  from  altered  bile  is  the 
true  origin  of  ambergris  in  the  whale,  as  well 
as  of  thb  morbid  concretion. 

The  concretion  is  almost  whoHy  soluble  in 
hot  alcohol ;  while  only  one- third  of  adipocere 
dissolves  in  that  menstruum  at  the  bmling 
point 

From  ordinary  fiitty  matter  it  is  entirely 
distinffuisfaable,  by  its  solubility  in  ether  and 
idcohd,  its  refusing  to  combine  with  ^kalis, 
ad  the  high  temperature  required  for  its 
fiuion. 

With  regard  to  their  place  of  formation  in 
the  animal  system,  ambcagris  and  this  morbid 
concretion  agree.  They  are  both  generated  in 
the  rectum,  or  greater  intestines.  The  phyteter 
fnacTocephalui  of  Linnieus  is  the  spedes  of 
whale  which  affords  ambergris.  In  the  ez- 
imination  of  Captain  Coflin  before  the  Privy. 
Coundl  in  I79I,  he  stated  that  he  found  362 
ounces  of  ambergris  in  the  mtestines  of  a  ft- 
male  whale,  struck  off  the  coast  of  Guinea ; 
part  of  it  was  voided  from  the  rectum  on 
cntthig  up  the  blubber,  and  the  remainder  was 
within  the  intestinal  canal. 

The  whales  that  contain  ambeigris  are  said 
t&  be  always  lean  and  sickly,  yield  but  very 
little  oil,  and  seem  almost  torpid.  Hence, 
when  a  spermaceti  whale  has  this  appearance, 
and  does  not  emit  feces  on  being  harpooned, 
the  fishers  generally  expect  to  find  ambergris 
within  it.  Whether  it  be  the  cause  or  the 
effect  of  disease  is  problematical,  though  the 
latter  seems  the  more  rational  conjecture.  It 
may  in  succession  be  both.  The  above  re. 
markaUe  fact  of  the  sex  of  the  whale  may 
lead  to  an  inauhy,  whether  this  morbid  pro- 
duction, founa  also  in  the  human  subject,  be 
peculiar  to  females,  and  connected  with  lac 
tadon. 

In  the  second  volume  of  Dr.  Monroes  Out- 
lines of  the  Anatomy  of  the  Human  Body  in 
its  sound  and  diseased  state,  we  have  the  ana- 
lysis of  several  alvine  concretions  by  Dr. 
Thomas  Thomson.  The  results  obtained  by 
this  eminent  diemist  show,  that  the  spedmehs 
which  he  examined  were  of  a  totally  different 
nature  from  the  preceding  concretion. 

INULIN.  In  examining  the  Inula  Hd- 
Jniwm,  or  Elecampane,  Mr.  Rose  imagined 
he  discovered  a  new  vegetable  product,  to 
whidi  the  name  of  Inulin  nas  been  given.  It 
J«white and  pulverulent  like  starch.  When 
thrown  on  red-hot  coals,  it  mdts,  diffudng 
a  white  smoke,  with  the  smdl  of  burning 
■«g»'  It  yields,  on  distillation  in  a  retort, 
«11  the  products  furnished  by  gum.  It  dis- 
"dves  readily  in  hot  water ;  and  predpitates 
almost  entirdy  on  cooHng,  in  the  fbrm  of  a 
^hite  powder;   bnt   before  fklUng  down,  it 


gives  the  liquid  a  nnidlagincms  oonaistence. 
It  predpitates  quickly  on  the  addition  of  al- 
cohoL 

The  above  substance  is  obtained  by  boiling 
the  root  of  this  plant  in  four  times  its  wdght 
of  water,  and  leavins  ibe  liquid  in  repose. 
MM.  PeOetier  and  Caventou  nave  fbond  the 
same  starch-like  matter  in  abundance  in  the 
root  of  colchicum ;  and  M.  Gauticr  m  the  root 
of  pellitonr.  Starch  and  inuline  combine ;  and 
when  thenmner  is  in  excess,  it  is  difficult  to  se- 
paratethem.  The  only  method  is  to  pour  infti- 
sioD  of  galls  into  the  decoction,  and  then  to  heat 
the  liquid :  if  inulin  be  present,  a  predpitate 
will  fSUl,  which  does  not  diaappear  till  the  tem- 
perature rises  to  upwards  of  212<»  F.,  whUe,  if 
only  starch  be  present,  it  will  vedissolve  at 
122«F. 

IODINE.  A  peculiar  or  undeoompounded 
principle.  The  investigatk>n  of  this  singular 
substance  will  always  be  regarded  as  a  great 
era  in  chemistry.  It  was  then  that  chemical 
philosophers  first  fblt  the  necesdty  of  abandon- 
ing Lavoisier's  partial  and  incorrect  hypothesis 
of  oxygenation,  and  of  embradng  &e  sound 
and  comprehensive  doptrioes  oH  Sir  H.  Davy 
on  chemical  theory,  first  promulgated  in  his 
masterly  researches  on  Chiorme, 

Iodine  was  aoddentaUy  discovered  in  1812, 
by  M.  de  Gourtois,  a  manufacturer  of  salt- 
petre at  Paris,  In  his  processes  for  procuring 
soda  from  the  ashes  of  sea-weeds,  he  fbund  the 
metallic  vessds  much  corroded ;  and  in  search- 
ing for  the  cause  of  the  corrosion,  he  made  thia 
important  discovery.  But  for  this  dnnuostanoe, 
nearly  acddenta],  one  of  the  most  cuiioua  of 
substances  might  have  remained  fbr  ages  un- 
known, since  nature  has  not  distribute  it,  in 
dther  a  dmple  or  compound  state,  through 
her  diffAent  kingdoms,  but  has  stored  it  up  to 
what  the  Roman  satirist  considers  as  the  moat 
worthless  of  things,  the  vile  sea-weed. 

Iodine  derived  its  first  illustration  from 
MM.  Clement  and  Desormes,  names  assod-  ' 
ated  always  with  sound  researdii  In  their 
memoir,  read  at  a  meeting  of  the  Institute, 
these  able  diemists  described  its  prindpal  pro- 
perties.  They  stated  its  sp.  gr.  to  be  about  4 ; 
that  it  becomes  a  violet-coloured  gas  at  a  tem- 
perature bdow  that  of  boiling  water;  whence 
its  name,  'lo^isf,  like  a  violet^  wass  ^Idived ; 
that  it  combines  with  the  metals^  and'  with 
phosphorus  and  sulphur,  and  lilcewise  with 
the  alkalis  and  metallic  oxides ;  Uiat  it  forma 
a  detonating  compound  with  ammoma ;  that 
it  is  soluble  in  alcohol,  aad  still  more  soluble 
in  ether ;  and  that  by  its  lection  upon  phos- 
phorus, and  upon  hydrogen,  a  substance  liav- 
ing  the  characters  of  muriatic  acid  is  fonned. 
In,  this  communioation  they  offered  no  dedded 
opinion  respecting^  its  nature. 

In  1813  Sir  H.  t)avy  happened  to  be  on  a 
visit  to  Paris,  recdving,  amid  the  political 
convulsions  of  Prance,  the  tranquil  homage 
due   to  his  genifts.      ^  When  M.  Clement 
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■hovcd  iodine  to  meii  he  bdieted  tfaet  the  hy* 
driodic  add  ww  miuuuic  add ;  and  AC  Oa j 
Liiaac,  after  hia  early  ezpcrinientB,  made 
origiBallj  with  M.  CkmcDt,  ibnned  the  aame 
opinion,  and  maimtaimed  it,  when  Ijlrjtitated 
to  him  mv  belief,  that  it  waa  a  new  and  p^ 
culiar  add,  and  that  iodine  waa  a  lobetaoce 
anahywa  in  ite  chemical  relationa  to  diloriofe" 
Sr  ti,  Oapy  om  the  AmUogiCM  ielweea  lAe  mm- 
decompounded  tubeUmeet ;  Jourmal  ofSeiemce 
mid  the  ArU^  toL  L  p.  284. 

We  see  therefore  with  what  intuitife  flu 
gadty  the  En^iah  philosopher  penetrated  the 
mjstery  whidi  hong  at  fint  over  iodine.  Ita 
iuU  examination,  in  its  multiplied  idationa  to 
ample  and  eompoond  bodies,  was  immediately 
entered  on  with  equal  ardour  by  him  and  M. 
Gay  Luasac  Of  the  relative  medts  of  the 
researcfaea,  and  importance  of  die  lesnlta,  oi 
these  preeminent  diemists,  it  Is  not  for  me  to 
become  an  arbiter.  I  shall  content  myself 
with  ofierin^  a  methodical  view  of  the  fiiOs 
brought  to  light  on  iodine  and  the  iodides,  re- 
fierring  for  its  other  combinations  to  what  I 
have  already  stated  on  the  hydiiodic  and  iodic 


Iodine  has  been  found  in  the  following  « 
weeds,  the  algat  aquaticB  of  T<innswis  :•— 
FuGBS  fwrtilsginnis.         Fnciis  p^iYnftt'iti 
fitum, 


xubens,  saeduurimiM, 

nodosus,  Ulyanmbilicatis, 

serratus,  paTonia, 

iiliniiosns,  linsa,  and  in 

sponge. 

Dr.  Fyf e  has  shown,  in  an  ingenious  P^per, 
pttblislied  in  the  first  volume  of  the  JSdin. 
PhiL  Journal,  that  on  adding  sulphiuic  add 
to  a  concentrated  viscid  infusion  of  these 
alffs  in  hot  water,  the  vapour  of  iodine  is 
exhaled. 

M.  Angelina  on  using  stardi  as  a  reagent, 
with  the  mineral  water  of  Sales  hi  Piedmoot, 
Ibund  a  blue  colour  produced  in  the  water, 
indicating  iodine ;  and  he  afterwards  succeeded 
in  procuring  iodine  from  the  water.  It  is  re- 
markable that  for  a  long  time  that  water  has 
been  administered  successfully  in  scrofulous 
cases,  and  in  cases  of  the  goitre.  Jouriu  des 
Aline*^  viii.  293. 

M.  Cantu  of  Turin  found  iodine  m  the 
sulphureous  mineral  waters  of  Castdnuovo 
d*A8ti.  He  thinka  that  iodine  exists  m  aU 
the  mineral  waters  that  conUin  chlorides. 
Yet  the  sulphureous  mineral  water  of  £chai]lon 
^n  Savoy  that  jrields  ^  its  weight  of  common 
saltcontamsnoiodine.  Aim,  de  CMm^  xxYui. 
221. 

M.  Balard  gives  the  following  sa  the  best 
means  of  testing  for  ioduie.  After  mixhig  the 
liquid  cootahiing  iodme,  with  the  staidi  and 
sulphuric  acid,  a  small  quanti^  of  aqueous 
soluUon  of  chlorine  is  to  be  added,  whidi  from 
Hs  lightness  may  be  kept  floating  on  the  sun 


£m&     At  the  plaee  whoe  the  two  Urads 

toudi,  a  blue  tone  will  be  perodvcd,  whid^ 
however  feeble  it  may  be,  is  readily  aecn  bjr 
contrast  with  the  adjoining  colourlaa  liauida^ 
The  colour  disappears  on  agitarion,  if  the 
chlorine  be  m  excess.  By  moaBs  of  dns 
test  H.  Balard  has  found  iodine,  in  wions 
marine  molluscg,  teataoeous  or  not,  tndi  ss 
the  doritf  vemus,  oysters^  jpc,  in  Doaay  polypi 
and  marine  vegetaUes,  the^or^^oitia,  littzotitr 
marwa,  jfc.,  and  especially  in  the  modia 
waters  or  the  salt  pans  supplied  fiom  tke 
Meditenaaean.  The  iodine  of  se»-v«let  is  ia 
the  form  of  hydriodate. 

But  the  most  extraordinary  feci 
the  aouroes  of  iodine  is  that  lately 
by  M.  Vauqndin,  of  its  existence  in  a 
brought  by  M.  Tabary  from  the  neigyMar. 
hood  of  Mexico,  whidi  was  hdidlcd  virgm 
tiher  in  terfenlme.  When  this  substancr 
was  treated  with  nitric  add,  boQed  fiv  some 
time,  and  then  diluted,  two  insoluble  partioos 
appeared ;  one  very  heavyand  ftdling  inatantly, 
which  when  digested  in  hot  mwriatie  oad. 
evolved  the  violet  vapour  of  iodine.  The  add 
mixture  diluted  had  the  power  of  tingoi^ 
starch  of  the  usual  purple  blue.  lOO  pacts 
of  the  above  mineral  aibrded  18-5  of  iodtoe. 
Pump  wdls  and  springs  in  the  neigfaboaihood 
of  waste  soap  works,  where  kelp  haa  boon  kog 
aecnmnlated,  are  necessarily  impregnated  with 
iodine,  which  may  in  such  cases  be  detected 
by  M.  BaUrd*8  proceu.  Ann.  dc  Ckm, 
xzix.  99. 

Bat  it  is  from  the  iadiiented  aea-weed  or 
kelp,  that  iodine  in  quantitiea  is  to  be  obc^baed. 
Dr.  Wollaston  first  communicated  a  pcedse 
formola  for  extracting  it  Dissolve  the  soluble 
part  of  kdp  in  water.  Concentrate  the  liquki 
by  evapoiatioo,  and  separate  all  the  oyatak 
that  esn  be  obtained.  Ftar  the  lemaining 
liquid  mto  a  dean  vessel,  snd  mix  with  it  an 
exceu  of  sulphuric  acid.  Boil  thia  Bquid  for 
some  time.  Sulphur  is  predpiUted,  Mid  mu- 
liatic  add  driven  off.  Decani  off  the  dear 
liquid,  and  strain  it  through  wool.  Put  it 
into  a  small  flask,  and  mix  it  with  aa  much 
Uack  oxide  of  maagfuiese  aa  we  used  before 
of  sulphuric  add.  Apply  to  the  top  of  the 
flask  a  glass  tube,  shut  at  one  end.  Then 
heat  the  mixture  in  the  flask.  The  iodine 
subUmcs  into  the  i^asa  tube.  I^ooe  can  be 
obtained  from  sea-water* 

In  repeating  this  process  with  care^  I  ob- 
tamed  from  similar  quantities  of  kdp  sadt 
vaiiahUs  .producta  of  iodine,  that  I  waa  in- 
duced to  institute  a  ssies  of  experiments  is 
1814,  for  discovering  the  canaea  of  thcK 
anomalies,  and  for  produmg  iodine  at  as 
easier  rate.  The  result,  whidi  was  siieoe«- 
ful,  I  communicated  to  the  worid  in  the  dOib 
vdume  of  tlie  Philosophical  Mapahie,  Is- 
stead  of  procuring  this  interesting  demeai 
in  oidy  a  lew  grains,  I  have  'been  ahle  te 
extract  ounces  at  a  time,  and  at  •  modctsie 
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I  thdl  IwM  tMMOEibfr  thi  oiiillnci 
»f  mj  method. 

As  aevoal  of  the  Scotch  90af  matmhtta* 
•en  use  waredy  anj  other  alkahne  matler  for 
heir  hud  aoapit  except  kelp<,  it  occnned  to  me 
hat  in  eome  of  thdr  residnnms  »  substance 
night  be  found  rich  in  iodinOi  Accordingly, 
ifter  tome  investigaiioii,  I  found  a  brown 
iquid,  of  an  oOy  cooeistaiee,  ftem  which  I 
sxpected  to  procure  what  I  wanted;  and  I 
:herefoie  instituted  a  fteries  of  experiments  on 
che  best  mode  of  exUfactkm. 

The  speaAc  gravity  of  this  1i<{uid,  as  ob- 
tained at  different  times,  is  pvetty  uniformly 
1.374.  It  oonvcrts  vegetable  blues  to  green, 
thus  indicating  ftee  alkalL  Of  this  the  ma. 
Dufiu^urer  is  aware,  lor  he  returns  the  liquid 
oceasioiiaHy  into  his  kdp  leys.  Its  boiling 
point  is  333»  Fahr.  Eight  ouncee  apotheca- 
ries* measuxe  require  preciBdy  one  measured 
ounce  of  suhthuric  acid  for  their  neutxaKiation. 
Supposing  tnis  quantity  of  sdd  combined  with 
soda,  it  would  indicate  one  part  of  pure  nda 
in  eleven  by  weight  of  tlie  liquid.  But  the 
chief  part  of  the  alkali  is  not  uncombined ; 
for  an  immense  quantity  of  nilphuroas  add, 
and  a  little  sulpfauietted  hydrogen  gases, 
escape  during  the  alfiision  of  the  salj^urie 
acid* 

^  100  grains  of  Ae  Uauid  yield  3.8  cuMe 
inches  of  gas,  chiefly  sulphunms  add,  and 
sulphur  is  at  ^  same  time  depoaited.  From 
this  last  circumstaaoe  one  would  expect  a 
greater  proportion  of  sulphuretted  hydrogen  | 
but  the  disengaged  gas  possesses  the  peculiar 
smell  and  pungency  of  burning  sulphur, 
blanches  the  pet&  of  the  red  rose,  but  show* 
scarcely  any  action  on  psqper  dipped  in  satar- 
nine  solutions.  On  the  nistant  of  deeompo- 
siiion  of  the  sulphite  and  hydroguretted  sul- 
phuret  of  soda  existing  in  the  liquid,  the 
nascent  su^urous  add  of  the  former  may  be 

sulphu- 


supposed  to  deoooipose  the 
retted  hydrom  of  die  lattery  their  atoms  of 
oxygen  and  hydrogen  uniting,  with  precipita- 
tion of  the  sulphur.  I  can  m  no  ciher  way 
account  for  the  very  copious  separation  of 
sulphur,  whik  veiy  tittie  sulfhuretled  hy- 
drogen iqipean.*'  I  now  find  the  liquid  to 
contain  hypoaolphite  of  soda. 

Fhxn  8  liqiud  ounces  =  11  by  weight,  218 
oains  of  sulphor  are  obtained.  Thesaturated 
Uanid  has  a  specific  gravity  of  1*443,  a  bright 
ydlow  odour,  and  does  not  change  the  purple 
eoiour  of  iniiiaion  of  red  cabbage. 

Havins  described  the  substance  which  I 
wed,  I  ifaaU  now  state,  in  a  few  words,  the 
best  method  of  taking  the  iodine  out  of  it:-« 

'^  Thebnvwn  iodic  liquid  of  the  soap-boiler 
was  heated  to  about  aSO*  F.,  poured  into  a 
large  stoneware  basin,  of  which  it  filled 
■bout  oBsJiali;  and  saturated  by  the  addition 
«f  the  soiiaible  quantity  of  sulphuric  add  as 
above  stated:  It  is  advantageous  to  dilute 
Ihe  add  previoady,  with  tta  own  bulk  of 


watcf*.  On  eooHng  the  inixtttiei)  a  bigt 
quantSty  of  saline  crystals  is  found  adhering 
to  the  udes  and  bottom  of  the  vessd.  These 
are  diiefly  sulphate  of  soda,  with  a  very  little 
sulphate  of  potash,  and  a  few  beautiftil  oblong 
ihomboidal  plates  of  hydriodate  of  soda* 
Sulphur  is  mixed  with  these  crystals. 

^  Filter  the  above  cold  liquid  through 
woollen  doth.  To  every  12  os.  apothecaries* 
measure,  add  1000  grains  of  black  oxide  of 
manganese  in  powder.  Put  this  mixture  into 
a  glass  globe,  or  large  matrass  with  a  wide 
neck,  over  which  a  glass  globe  is  inverted, 
and  apply  heat  with  a  duwcoal  chauffer.  The 
less  difiusive  flame  of  a  lamp  is  apt  to  crack 
the  bottom  of  the  matrass ;  particularly  if  a 
large  quantity  of  materials  be  employed.  To 
prevent  the  heat  from  acting  on  the  globular 
recdver,  a  thin  disc  Of  wood,  having  a  round 
hole  in  its  centre,  is  placed  over  the  shonlder 
of  the  matrass. 

'*  Iodine  now  sublimes  very  copioudy,  and 
is  readily  condensed  in  the  upper  vesseL  As 
soon  as  this  becomes  warm,  another  is  to  be 
put  in  its  place ;  and  thus  the  two  may  be 
applied  in  rotation,  as  long  as  the.  violet  va- 
pour rises. 

"  From  the  above  qusntity  of  liquid,  by  this 
treatment,  1  obtain  from  80  to  100  grains  of 
iodine,  perfectly  pure.  It  is  withdrawn  from 
the  globes  most  conveniently  by  a  little  water,, 
which  dissolves  iodine  very  sparingly,  as  is 
wen  known.  It  may  be  purified  by  a  second 
sublimation. 

''  If  the  manganese  be  Increased  mudi  be- 
yond the  above  proportion,  the  product  of 
iodine  is  greatly  decreased.  If  thrice  the 
quantity  be  used,  for  example,  a  ftirious  ef&r^ 
veseenee  takes  place,  nearly  the  whole  mixture 
ia 'thrown  out  of  the  matrass,  widi  a  kind  of 
explosive  violence,  and  hardly  any  iodine  is 
procured,  even  though  the  materials  diould 
be  saved  by  the  rdativdy  large  capadty  of  the 
v«S8d  that  contains  them.  If,  on  the  other 
hand,  one-half  of  die  prescribed  quantity  of 
manganese  be  used,  much  hydriodic  add  rises 
dong  with  the  iodine,  and  washes  it  per- 
petually down  the  sides  of  the  balloon.  Or  if, 
during  the  proper  and  successful  sublimation 
of  iodine,  the  wright  of  manganese  be  doubled, 
the  violet  vapours  instantly  cease.  Nor  will 
line  filings,  sugar  or  starch,  restore  to  the 
mixture  the  power  of  exhaling  the  iodine. 

^^  The  same  interruption  of  the  process  is 
oecadoned  by  using  an  excess  of  sulphuric 
aeid«  For,  if  to  the  mixture  of  12  oz.  of 
saturated  liquid,  with  1000  or  1100  grams 
manganese,  an  additional  half  ounce  measure 
of  stidphuric  acid  be  pourcsd  in,  the  violet  va- 


*  When  oonoentnited  add  is  added,  Ac  ef- 
fervescence is  very  violent ;  the  liquid  reddens 
wherever  the  add  falls,  and  a  Uttle  purple 
vapour  of  iodine  rises. 
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poaf  diiappean,  and  the  tuUimatloD  of  iodiii* 
18  at  an  end.  Quicklime  now  added  to  as  to 
saturate  the  excess  of  add  wiU  not  restore  the 
production  of  iodine. 

^'  The  best  sublimbg  tempecature  is  232»  F. 

^'  Iodine,  in  open  v^sels,  readily  enqpoiates 
at  much  lower  temperatures,  even  at  the  usual 
atmospbexic  heats.  When  it  is  spread  thin 
on  a  plate  of  gUuis,  if  the  eye  be  placed  in  the 
same  plane,  the  violet  vapour  becomes  very 
obvious  at  the  temperature  of  I00»  F.  If  left 
in  the  open  air,  it  will-speedily  evaporate  aU 
together  away,  even  at  60o  or  60«.  When 
kept  in  a  pbial  stopped  with  a  oommoa  cork 
the  iodine  also  disi^peaa,  while  the  oork  will 
become  firiabb  m  ita  texture,  and  of  a  brownisb- 
yellow  colour. 

^^  240  grains  of  nitric  acid,  specific  graviiy 
1.490,  saturate  1000  grains  of  the  biQwn  li» 
quid.  Sulphurous  add  is  abimdantly  exhaled 
as  before.  After  filtration,  a  bright  golden 
ooloured  liquid  is  obtained.  On  adding  to  this 
liquid  a  little  noanganese,  iodine  sublimes; 
but  the  quantity  nrocurable  in  this  way  seenos 
to  be  proportionally  less  than  by  the  sulpharic 
add." 

I  have  descHbed  a  new  foim  of  apparatua, 
for  sublimation,  in  the  above  paper,  by  which 
beautiful  crystals  may  easilv  be  procured, 
without  risk  of  injuring  their  fonn. 

Iodine  is  a  solid,  of  a  greyish-black  colour 
and  metallic  lustre.  It  is  oflen  in  scales 
slmilor  to  those  of  micaceous  iron  ore,  some- 
times in  rhomboidal  plates,  very  large  and 
very  brilliant.  It  has  been  obtained  in 
elongated  octuhedrons.  nearly  half  an  inch  in 
length ;  the  axes  of  which  were  shown  by  Or. 
Woilaston  to  be  to  each  other,  as  the  numbers 
2,  3,  and  4,  at  least  so  nearly,  that  in  a  body 
so  volatile,  it  is  scarcdy  posdble  to  detect  an 
error  in  this  estimate,  by  the  reflective  goni- 
ometer. Its  fracture  is  lamellated,  and  it  is 
soft  and  friable  to  the  touch.  Its  taste  is  very 
acrid,  though  it  be  very  spaiinoly  soluble  in 
water.  It  is  a  deadly  poison,  it  gives  a  deep 
brown  stain  to  the  skin,  which  soon  vanishes 
by  evaporation.  In  odour,  and  power  of  de- 
stroying v^etable  colours,  it  resembles  very 
dilute  aqueous  chlorine.  The  sp.  gr.  of  iodine 
at  G2^  IS  4.948.  It  dissolves  in  7000  parta 
of  water.  The  solution  is  of  an  orange-yellow 
colour,  and  in  small  quantity  tinges  raw  starafa 
of  a  purple  hue. 

It  mdts,  according  to  M.  Gay  Lussac,  at 
227°  F.  and  is  voladlized  under  the  oommon 
pressure  of  the  atmosphere  at  the  temperature 
of  350**  By  my  experiments,  it  evaporates 
pretty  quickly  at  ordinary  temperatures.  Boil*. 
ing  water  aids  its  sublimation,  as  is  shown  in 
the  above  process  of  extractinn.  The  sp.  gr. 
of  iu  violet  vapour  is  8.678.  It  is  a  non- 
conductor of  electrid^.  When  the  voltaic 
chain  is  interrupted  by  a  small  fragment  ci  it, 
the  decomposition  of  water  instantly  ceases. 
Iodine  is  incombustible,  but  with  aaote  it 


•  otiMMdtCaBMIiigeoafOTna;  and  m 
combining  with  several  bodiea,  die  imcnsicj  of 
mutual  actiaa  is  audi  as  to  produce  the  pfae. 
l***"^fw  of  oombostiaii.  Its  oooAipatiniia 
with  ogqrgen  and  chlariiie  have  been  whtadj 
dcsaibed,  under  iodic  and  cfalflriodje  adds. 

With  a  view  of  detennimng  wbeiha  it  waa 
a  simple  or  oompannd  ISotm  of  matter,  &r  H. 
Pavy  exposed  it  to  the  actaon  of  the  l^g^ 
inflammable  melala.  When  ila  vaposv  is 
passed  over  potasahim  heated  in  a  ^aaa  inbe, 
mflammation  takea  plaoe^  and  the  luiiaiiiini 
buma  slowly  with  »  pale  blue  Bght.  Theee 
waa  no  gas  diaetigagsd  when  the  eKpenmem 
was  repoted  in  a  mereniial  apparatua.  The 
iodide  of  potassium  Is  white,  fuaible  at  a  zed 
heat,  and  soluble  in  water.  It  has  a  pceoliar 
acridtaste.  When  acted  oo  by  salpfamic  add, 
it  cfevesoss,  and  iodine  appean.  It  la  evi- 
dent that  in  thia  experiment  there  had  been 
no  decomposition  ;  the  result  depending  menly 
on  the  combfaiation  of  kxline  with  potaaaiaiu. 
By  paasiog  the  vapour  of  Iodine  over  drj  red- 
hot  potash,  focmed  from  potaaainm,  eKywen  is 
expelled,  sod  the  above  iodide  results  fieaoe 
we  sesb  that  at  thetempeaature  of  igmtsosi,  the 
affinity  between  Iodine  and  potassium  ia  sape- 
rior  to  that  of  the  hrtler  for  oxygeo.  Bat 
iodine  in  its  turn  is  displaced  by  dilorine,  at  a 
moderate  heat,  and  if  the  hrttar  be  in  excess, 
dOoriodic  sdd  is  fonned*  M.  Gmr  lioaac 
passed  vraoor  of  Iodine  in  a  red  neat  over 
mdted  subearboDate  of  potadi  $  and  be  ob- 
tained carbonic  add  and  oxygen  gaaes.  m  the 
proportiooa  of  two  In  volame  of  die  fiist  and 
one  of  the  aeoond,  predady  tfaoae  whidi  exist 
inthesslL 

The  oxide  of  sodium,  and  the  subcaihooate 
of  soda,  are  alao  oomplelely  deoomyoaed  by 
iodines  From  these  expcrimcnla  it  would 
seem,  that  this  substance  ought  to  disengage 
oxygen  from  moat  of  the  oxides ;  hut  this 
happeoa  only  in  a  small  number  of  cases. 
The  protoxidsa  of  lead  and  bismuth  are  the 
onlv  oxides,  not  redudbls  by  mere  heat,  with 
which  it  exhibited  that  power.  Bsaytea, 
strontian,  and  lime,  combine  wHh  iodine, 
without  giving  out  oxygen  gas,  and  the  oxide* 
of  zinc  and  iron  undogo  no  sjlteration  in  this 
respecL  From  these  luta  we  moat  oondude, 
that  the  decomposition  of  the  oxides  by  iodine 
depends  less  on  die  condensed  state  of  the 
oxygen  dian  upon  the  aflhiity  of  the  metal  fiv 
iodme.  Except  barytca,  strontian,  and  lime, 
no  oxide  can  remain  in  eombinatki  with 
iodine  at  a  red  heat  For  a  more  particular 
aceount  of  some  iodides,  see  Acid  (Ht- 
DRioDic) ;  the  oompounds  of  which,  in  die 
liquid  or  moiat  state,  are  hydaodates,  hot 
change,  on  drying.  Into  iodides,  in  die  same 
way  as  the  muriates  become  ddondea. 

fVom  the  proportkn  of  the  oonsdtaents  in 
hydriodic  adcU  16^  has  been  deduced  as  die 
prime  equivalent  of  iodine» 

M.  Gay  LuiSM  says,  "Sulphate  of  potash 
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wafl  not  altered  by  iodine;  but,  what  may  ap- 
pear agtonishing,  I  obtained  oxygen  with  the 
fluate  of  potash,  and  the  glass  tube  in  which 
the  operation  was  conducted  was  corroded.  On 
examining  the  circumstances  of  the  experi* 
ment,  I  ascertained  that  the  fluate  became 
alkaline  when  melted  in  a  pUitinum  crucible. 
This  happened  to  the  fluate  over  which  I 
passed  iodme.  It  appears  then  that  the  iodine 
acts  upon  the  excess  of  alkali,  and  decomposes 
it.  The  heat  produced  disengages  a  new  poi^ 
tion  of  fluoric  add  or  its  ram^  which  cor- 
rodes the  glass ;  and  thus  by  d^rees  the  fluate 
is  entirely  decomposed.**  These  facts  seem 
to  give  countenance  to  the  opinion,  that  the 
-fluoric  is  an  oxygen  add;  and  that  the  salt 
called  fluate  of  potash  is  not  a  fluoride  of  pot- 
assium.   See  Acid  (FLtro&ic). 

Iodine  forms  with  sulphur  a  feeble  com- 
pound,  of  a  greyish-black  colour,  radiated  like 
sulphuret  of  antimony.  When  it  is  distilled 
with  water,  iodine  separates. 

Iodine  and  phosphorus  combine  with  great 
rapidity  at  common  temperatures,  producing 
beat  without  light  From  the  presence  of  a 
little  moisture,  small  quantities  of  hydriodic 
add  gas  are  exhaled. 

Oxvgen  expels  iodine  flrom  both  sulphur 
and  phosphorus. 

**"  Hydrogen,  whether  dry  or  moist,  did  not 
seem,"  says  M.  Gay  Lussac,  "to  have  any 
action  on  iodine  at  the  ordinary  temperature  ; 
but  if,  as  was  done  by  M.  Clement  in  an  ex- 
periment at  which  I  was  present,  we  exnose  a 
mixture  of  hydrogen  and  iodine  to  a  rea  heat 
in  a  tube,  they  unite  together,  and  hydriodic 
add  is  produced,  which  gives  a  reddish  brown 
colour  to  water."  Sir  H.  Davy,  with  his 
characteristic  ingenuity,  threw  the  violet- 
coloured  gas  upon  the  flame  of  hydrogen, 
when  it  seemed  to  support  its  combustion. 
He  also  formed  a  compound  of  iodine  with 
hydrogen,  by  heating  to  redness  the  two  bodies 
in  a  glass  tube.    See  Acid  (Htdriodic). 

Charcoal  has  no  action  upon  iodine,  dther 
at  a  high  or  low  temperature.  Several  of  the 
common  metals,  on  the  contrary,  as  sine,  iron, 
tin,  mercury,  atuck  it  readily,  even  at  a  low 
temperature,  provided  they  be  in  a  divided 
state.  Thou^  these  combinations  take  place 
rapidly,  th^  produce  but  little  heat,  and  but 
rardv  any  light 

The  compound  of  iodine  and  zinc,  or  iodide 
of  zinc,  is  white.  It  mdts  readily,  and  is 
sublimed  in  the  state  of  flne  adcular  four-sided 
prisms.  It  is  very  soluble  in  water,  and 
rapidly  deliquesces  in  the  air.  It  dissolves  in 
water,  without  the  evolution  of  any  gas*  The 
solution  is  slightly  add,  and  does  not  crys- 
tallize. The  alkalis  prcdpitate  from  It  white 
oxide  of  zinc ;  whUe  concentrated  sulphuric  acid 
disengages  hydriodic  acid  and  icdine,  because 
sulphurous  add  is  produced.  The  solution  is 
a  hydriodate  of  oxide  of  zinc.  When  iodine 
and  zinc  arc  made  to  act  on  each  other  under 
water  in  vessels  hermetically  sealed,  on  thie 


application  of  a  slight  heat,  the  water  assumes 
a  deep  reddish-brown  colour,  because,  as  soon 
as  hydriodic  add  is  produced,  it  diMolves  iodine 
in  abundance.  But  by  degrees  the  zinc,  sup- 
posed to  be  in  excess,  combines  with  the  whole 
Iodine,  and  the  solution  becomes  coUmrleas 
like  water. 

Iron  is  acted  on  by  iodine  in  the  same  way 
as  zinc ;  and  a  brown  iodide  results,  which  is 
fusible  at  a  red  heat  It  dissolves  in  water, 
formhig  a  light  green  solution,  Hke  that  of 
muriate  of  iron.  When  the  dry  iodide  was 
heated,  by  Sh-  H.  Davy,  in  a  smiUl  retort  coo; 
taininff  pure  ammoniacal  gas,  it  combined 
with  the  ammonia,  and  formed  a  compound 
whidi  volatilized  without  leaving  any  oxide. 
'  The  iodide  of  tin  is  very  fusible.  When  in 
powder,  its  colour  is  a  diity  orange-yellow,  not 
unlike  that  of  glass  of  antimony.  When  put 
into  a  considerable  quantity  of  water,  it  is  oom- 
pletdy  decomposed.  Hydriodic  add  is  formed, 
whidi  remains  in  solution  in  the  water,  and 
the  oxide  of  tin  prcdpitates  in  white  flocculi. 
If  the  quantity  of  water  be  small,  the  add, 
being  more  concentrated,  retains  a  portion  of 
oxide  of  tin,  and  forms  a  sUky  orange-coloured 
salt,  which  may  be  almost  entirely  decomposed 
by  water.  Iodine  and  tin  act  very  wdl  on 
each  other,  in  water  of  the  temperature  of 
212<>.  By  employing  an  excess  of  tin,  we 
may  obtain  pure  hydriodic  add,  or  at  least  an 
acid  containing  only  traces  of  the  metal.  The 
tin  must  be  in  considerable  quantity,  liecause 
the  oxide  which  precipitates  on  its  surface, 
diminishes  very  much  its  action  on  iodine. 

Antimony  presents,  with  iodine,  the  same 
phenomena  as  tin ;  so  that  we  might  employ 
cither  for  the  preparation  of  hydriodic  ado, 
if  we  were  not  acquainted  with  preferable 
methods. 

The  iodides  of  lead,  copper,  bismuth,  sflver, 
and  mercury,  aie  insoluble  in  water,  while  the 
iodides  of  the  very  oxidizable  metals  are  soluble 
in  that  liquid.  If  we  mix  a  hydriodate  with 
the  metallic  solutions,  all  the  metals  which  do 
not  decompose  vrater  will  give  predpitates, 
while  those  which  decompose  that  liquid  will 
give  none.  This  is  at  least  the  case  with  the 
above  mentioned  metals. 

There  are  two  iodides  of  mercury ;  (he  one 
yellow,  the  other  red:  both  are  fusible  and 
volatile.  The  yellow  or  protiodide,  contains 
one  h^  less  iodine  than  the  deutiodide.  The 
latter,  when  crystallized,  is  a  bright  crimson. 
In  general  there  ought  to  be  for  each  metal  aa 
many  iodides  as  there  are  oxides  and  diloridef . 
All  the  iodides  are  decomposed  by  concen- 
trated sulphuric  and  nitric  acids.  The  metid 
is  converted  into  an  oxide,  and  iodine  is  dis- 
engagcil.  They  are  likewise  decomposed  by 
oxygen  at  a  red  heat,  if  we  except  the  iodides 
of  potassium,  sodium,  lead,  and  bismuth. 
Chlorine  likewise  separates  iodine  firom  all  the 
iodides ;  but  iodine,  on  the  other  hand,  de- 
composes most  of  the  sulphurets  and  phos- 
phuiets. 
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Vfhen  iodine  and  oxidci  «ct  upon  eadi 
othar  in  contact  wiA  water,  toy  dlfioent 
RsultB  take  place  frooi  those  above  described. 
The  water  is  decomposed ;  its  hydrogen  unites 
with  iodine,  to  form  hydriodic  acid ;  while  its 
oxygen,  on  the  other  hand<,  produces  with 
iodme,  iodic  add.  All  the  oxides,  however, 
do  not^ve  the  ssme  results.  We  obtain  them 
only  with  potash,  soda,  barytes,  stnmtian,  Inne, 
and  magnesia.  The  oxide  of  line,  precipitated 
by  ammonia  from  its  solution  in  sulphuric 
add,  and  well  washed,  gives  no  tiaee  of  iodate 
and  hydriodate. 

We  shall  treat  of  the  compoond  of  iodine 
■ad  aaote  under  the  artide  Nitkooev. 

From  all  the  above  redted  facta,  we  an 
wanantcd  in  conduding  iodine  to  be  an  nit- 
decompounded  body.  In  its  spedflc  gravity, 
lustre,  and  magnitude  of  its  pmne  eqiuvalent, 
it  resembles  the  metals ;  but  m  all  iu  chemical 
agendes,  it  is  analogous  to  oxygen  and  dilo- 
rine.  It  is  a  non-conductor  of  dectridty,  and 
possesses,  like  these  two  bodies,  the  negative 
dectrical  enerpy  with  regard  to  metals,  inflam- 
mable and  alkaline  substances;  and  hence, 
when  combined  with  these  substances  in 
aqueous  solution,  anddectrixed  in  the  voltaic 
circuity  it  sepantes  at  the  positive  surfaofr 
But  it  has  a  positive  energy  with  respect  to 
chlorine ;  for  wlien  united  to  chlorine,  in  the 
chloriodic  add,  it  separates  at  the  negative 
aurfaoe.  This  likewise  corresponds  with  their 
relative  attractive  energy,  since  chlorine  expels 
iodine  from  all  its  combinations.  Iodine  dis- 
solves in  carburet  of  sulphur,  giving,  in  very 
minute  quantities,  a  fine  amethystine  tint  to 
the  liquid. 

Iodide  of  mercury  has  been  proposed  for  a 
pigment  M.  Orfila  swallowed  6  grains  of 
iodine;  and  was  immediately  aflfe<^  with 
heat,  constriction  of  the  throat,  nausea,  eruc- 
tation, salivation,  and  cardialgia.  In  ten 
minutes  he  had  copiouH  bilious  vomitings,  and 
slight  colic  pains.  His  pulse  rose  from  70  to 
about  00  beats  in  the  minute.  By  swallowing 
large  quantities  of  mucilage,  and  emollient 
clysters,  he  recovered,  and  fdt  nothing  next 
day  but  slight  fatigue*  About  70  or  80  grains 
proved  a  ntal  dose  to  dogs.  They  usuallv 
died  on  the  fourth  or  fifth  Ssy. 

Dr.  Coindet  of  Geneva  has  recommended 
the  use  of  iodine  in  the  form  of  tincture,  and 
also  hydriodate  of  potaah  or  soda,  as  an  efii- 
cadous  remedy  for  the  cure  of  glandular 
awdlings,  of  the  goitrous  and  sciophuloos 
kind.  I  have  found  an  ointment  composed  of 
1  oz.  hog*8  lard,  and  1  dradim  of  iodide  of 
zinc,  a  powerful  external  application  in  such 
cases.  About  a  drachm  of  this  ointment 
should  be  used  in  friction  on  the  swelling 
once  or  twice  a-day. 

lOLITE.  Priflnuito-rhomboidal  quartz  of 
iKlohs.  Colour  intermediate  between  viobt- 
blue  and  blackish-blue.  M^'hen  viewed  in  the 
direction  of  the  axis  of  the  crystals,  the  colour 
is  dnk  indigo-blue;  but  perpendicular  to  the 


aads  of  die  etyitals,  pate 
Maanve,  disseoiiiiated,  rarcly  * 
nx-sided  prisms.  lAistre  vitreooL  F« 
small  grained,  uneva.  Refracta  doyble. 
gr.  2.6  to  2.6.  EasQy  frangjUe.  Its  < 
stltuents  aie,  rilica  43.(1,  alumioa  37  JR, 
nesiaOJ,  pcMtaah  l,cxideof  inm  4.6,OKideor 
manganese  a  Xmo6.^-jGmeiin.  It  occua  fa 
prinidtive  roda  at  Orijarvi,  near  Abo  m  Fin- 
land.    It  is  cut  and  pdlidied  fcr  a  gn.^ 

^OfRSfON. 

IPECACUAN.    SeeEMSTiir. 

IRIDIUM.  Mr.  Tennant,  on  exHiinii« 
tfie  blade  powder  left  afUr  diasoMBg  platina» 
which  from  its  appeaianoe  had  ben  sopp 
to  consist  chiefly  of  phimbsgo,  fomd  it 
tsined  two  distinct  metals,  never  belbve  nalifiBa. 
which  he  hss  nsmed  iridium  and  osmissi. 
The  ibnner  of  these  waa  observed  soon  sAer 
by  Dfsoostils,  and  by  Vauqueliii. 

To  analyse  the  black  powder,  Mr.  Tcnasat 
put  it  into  a  sQver  aucible,  widi «  luge  ps». 
portkb  of  pore  dry  soda,  and  kept  it  ia  a  ted 
heat  flir  some  time^  The  alkali  being  d« 
dissolved  in  water,  it  had  acquired  m  deep 
orange  or  brownish-yellow  oolottr,  but  mock 
of  the  powder  remained  undissolved.  Hub 
digested  in  muriatic  add  gave  a  dark-bluc  so- 
lution,  which  afterwards  became  of  a  dnsl^ 
nlivcgreen;  and  finally,  by  eontinaiag  the 
heat,  of  a  deep  red.  The  residaum  being 
treated  as  befive  with  alkali,  and  ao  on  alter. 
natdy ,  the  whole  appealed  capable  of  solatiaBL 
As  some  silex  continued  to  be  taken  up  by  the 
alkali  till  the  whole  of  die  metal  waa  dis- 
solved, it  seema  to  have  been  dieinically 
combined  with  it.  The  alkaline  solntiaa  ooa- 
tains  oxide  of  osmium,  with  a  small  pmportioB 
of  iridium,  which  separates  spontanaoualj  in 
dark-coloured  thin  flakes  by  keqpiog  U  aooie 
weeks. 

The  add  solution  contsins  likewise  both 
the  metals,  but  chiefly  iridiaia.  By  slow 
evaporation,  it  affords  an  imperfectly  crystal- 
lized  mass ;  which  being  dried  on  blotting, 
paper,  and  dissolved  in  water,  gives  by  era* 
poration  distinct  octohedral  crystals.  These 
crystals,  dissolved  in  water,  produce  a  deep 
red  solution,  indining  to  orangek  Infusion  of 
galls  occasions  no  predpitate»  but  instantly 
renders  the  solution  dmost  colourless.  Muriate 
of  tin,  carbonate  of  soda,  and  pmasiate  of  pot- 
ash, produce  nearly  tlie  same  efiect.  Ammonia 
predpitates  the  oxide^  but,  possibly  frombeii^ 
in  excess,  retains  a  part  in  solution,  acquiring 
a  purple  cobur.  The  fixed  alkalis  predpitafte 
tbe  greater  part  of  the  oxide,  but  retain  a  pert 
in  solution,  this  becoming  yellow^  AU  the 
metals  that  Mr.  Tennant  tried,  except  gold 
and  platSna,  produced  a  dark  or  black  pccoi. 
piute  finom  the  muriatic  solution,  and  left  it 
colourless. 

The  iridium  mav  be  obtamed  pure,  by  ex. 
posing  the  octohedral  crystals  to  beatp  which 
expels  the  oxygen  and  muriatic  add.  It  was 
whiter  and  could  not  he  melted  b^  any  btat 
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Mn  VcKittiooiild  mafim^  it  did  not  oom- 
lliiw  ^wHh  nilplnin  or  with  usenic.  Iiead 
uniftM  with  it  ciaily,  tmt  u  aqNunted  by 
cnpeUation,  kft^ing  the  iridiiin]  on  the  eopd 
as  »  ooane  black  povdor.  Copper  fomos  with 
U  «  vary  malleable  aOoyy  wMcn,  after  cupel- 
iMioa,  with  the  addition  of  lead,  kvves  a 
■man  noportioii  of  the  iiidiain,  but  much 
leas  than  in  the  naoediBg  bwtanoa.  Silver 
fama  with  it  a  pediBcdy  malkable  oompound, 
the  aoHhce  of  which  is  tarnished  merely  by 
capeUation ;  yet  the  iiidiam  appeam  to  be 
dimued  tfanragh  it  in  6ne  powder  enly.  Oold 
Mtnaiae  naUeabfe,  and  little  altered  in  ooIouti 
tbangh  alloyed  with  a  oonsidenble  pvoportion ; 
nor  la  it  ecparable  either  by  cnpellation  or 
oiartatian.  Ifthe  gold  or  silver  be  disaolTed, 
tne  iridium  is  left  as  a  black  powder. 

Tho  French  dbemistfrobserved,  that  this  new 
metal  gave  a  red  colour  to  the  tr^de  salt  of 
plmiBn  and  sal  ammoniac,  was  not  altered  bv 
munateof  tm,  and  was  precipitated  of  a  dark 
Ihrowb  by  caustic  alkaU.  Vaaiiuelin  added, 
that  it  was  ptadpitated  by  gatti.  and  by  prus. 
Mate  of  potash ;  but  Mr.  Tennant  ascribes  this 
toaome  Impurii^. 

Mr.  Tennant  gave  it  the  name  of  iridium, 


fion  the  soiking  variety  of  oalonn  it  affords 
artifle  dissolving  in  muriatic  acid. 

I>r,  WoQaston  has  observed,  that  among 
tiwgndns  of  crude  plsthia,  there  are  some 
■cawsiy  distinguishable  from  the  rest  but  by 
their  insolubilkjr  in  nitro-muriaticacld.  They 
aoe  harder,  however,  when  tried  by  the  £]e ; 
not  in  the  least  maUeahle;  and  of  the  specific 
gravity  of  liM^  These  appeared  to  him  tube 
«n  oR,conaisting  entirely  of  thetwonew  metals. 

Vanqnelin  has  since  sucoeeded  in  form* 
Ing  subnet  of  iridium^  by  heatbg  a  mix- 
tne  of  ammonia-muriate  of  iridium  and  sul- 
phur. It  is  a  bhuJE  powder  consisting  of  100 
Udhm  -f-  33.3  sulphur;  whence,  supposing 
it  a  neutral  compound,  ttie  prime  eqmvaknt 
of  iridium  would  be  &0.  The  same  chemist 
has  also  alloyed  iridium  with  lead,  copper, 
and  tin.  They  are  all  malleable ;  and  con. 
sidoably  hardened  by  the  presence  of  the 
iridium. 

IRON  is  a  metal  of  a  bluish-white  colour, 
of  oonsiderahle  hardness  and  elasticity ;  very 
maiJesMe,  and  exceedingly  tenacious  and 
ductile.  This  metal  is  easfly  oxidised.  A 
piece  of  iron  wire,  iinmeised  m  ajar  of  oxygen 
gas,  being  ignited  at  one  end,  will  be  entirely 
consumed  l^  the  excessive  combustion  of  its 
parts.  It  requires  a  very  intense  heat  to  fuse 
it)  on  which  account  it  can  only  be  brought 
into  the  sbme  of  tools  and  utensils  by  ham- 
meriDg.  Tids  high  degree  of  infiisibility 
would  deprive  it  of  the  most  valuable  property 
of  metals,  namely,  the  uniting  of  smaller 
into  one,  if  it  did  not  possess  another 
r  and  advantageous  property,  which  is 
a  no  other  metal  except  platiua; 
that  of  welding.    In  a  white  lieat, 


I  if  oofcnd  with  a  kin4  of 
varnish;  and  in  this  state  if  two  pieces  be  ap- 
plied together,  they  will  adhere,  and  may  be 
perfectly  united  by  fbcging. 

When  iron  is  exposed  to  theaction  of  moist 
air  or  water,  it  aoqufaes  weight  by  gradual 
oxidation,  and  hydrogen  gas  escMce :  this  is 
•  very  slow  operation.  But  if  the  steam  of 
watur  be  made  to  pass  through  a  red-hot  gun. 
battel,  or  through  an  ignited  copper  or  glass 
tube,  containing  iron  wire,  the  iron  becomet 
converted  into  an  oxide,  wliile  hydrogen  gas 
passes  out  at  the  other  end  of  the  baizeL  By 
the  action  of  stronger  heat  this  becomes  a 
reddisb-brown  oxide.  The  yellow  rust,  formed 
udien  iron  is  long  expMed  m  damp  air,  is  not 
a  simnle  oxide,  as  it  contains  a  portion  of 
carbomcacid. 

The  concentrated  sulphuric  add  scaredy  acts 
on  iron,  ualem  it  is  boiling.  If  the  acid  be 
diluted  with  two  or  three  parts  of  water,  it 
dissolves  iron  readily,  without  the  asBistanoe 
of  heat  During  this  solution,  hydrqgen  escapes 
in  huge  quantities. 

The  green  sulphate  of  iron  is  much  mora 
soluble  m  hot  than  cold  water ;  and  Aenefore 
crystallises  bycooling  as  well  as  by  evano- 
ration.  The  crystals  are  edkxcscent,  and  fall 
into  a  white  powder  by  exposure  to  a  dry  air» 
the  iron  becoming  more  oxidized  than  before. 
A  solution  of  sulphate  of  iron,  exposed  to  the 
air,  imbibes  oxygen;  andaportkm  of  the  iron 
becoming  pevexidised,  fidls  to  the  bottom. 

SulplMte  of  iron  is  not  made  in  the  direU 
way,  because  it  can  be  obtained  at  less  diarge 
from  the  decomposition  of  martial  pyrites. 
It  exisu  in  two  states,  one  containing  oxide 
of  iron,  with  0-89  of  oxygen,  which  is  of  a 
pale  green,  not  altoed  by  galtic  add,  and 
giving  a  white  predpitate  with  prussiate  of 
potam.  The  other,  in  which  the  iron  is 
combined  with  0-30  of  oxygen,  ii  red,  not 
ctysmlliaibSe,  and  gives  a  black  predpitate 
withaaUic  add,  and  a  blue  with  prussiate  of 
potash.  In  the  common  sulphate,  these  two 
are  of^  mixed  in  various  proportions. 

Sulphate  of  iron  is  decomnosed  by  alkalis 
and  by  lima  Caustic  fixed  sUcali  predpitatea 
the  iron  in  deep  green  fiocks,  which  are  par- 
tially dindved  by  the  addition  of  more  alkali, 
and  form  a  red  tincture. 

Vegetable  astringent  matteis,  such  as  nut- 
galls,  the  husks  of  nuts,  logwood,  tea,  &c. 
wliich  contdn  tannin  and  gallic  add,  predpi- 
tate a  fine  black  fecula  from  sulphate  of  iron, 
which  remains  suspended  for  a  considerable 
time  in  the  fluid,  by  the  addition  of  gum-arabic. 
This  fluid  is  wdl  known  by  the  name  of  ink. 
See  Ink. 

The  beautiful  pigment,  well  known  hi  the 
arts  by  the  name  ofprussian  blue,  is  likewise 
a  predpitate  affbrded  by  sulphate  of  hron. 

Concentrated  niuric  add  acts  very  strongly 
upon  iron  filings,  much  nitrous  gas  bdng  dis- 
engaged at  the  same  time.    The  solution  is  of 
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Braadi^ll4llOVl^  iaddkpoailttlieoKldeofiran 
after  a  eertain  time;  mon  eqieciaU j  if  tht 
vomI  be  left  expoted  to  the  aii^  A  diluted 
nitric  add  alRirds  «  moie  pamaiieiit  eolntiaii 
of  iion^  of  a  greewh  ooloai^  or  miiiHiiiiei  of 
a  yellow  ooloiir.  Ncitfaer  of  the  loimio— 
■Mds  ciyitali,  bat  both  d^oeit  the  oxide  of 
inn  bj  booing,  at  the  aame  time  dMt  the  fluid 
■■nimcs  a  gdbtinoM  appearanoa 

Diluted  muriatic  acid  lapidly  dinolTCs  Iran 
at  tlie  lame  time  that  a  lane  quantity  of 
bydngen  is  dJHfnggged,  and  the  miztuK  bfr 
OQOies  hot 

If  inn  filingi  be  trilnnted  with  muriate  of 
(themixtun;  thendiTing^ 


powdering,  and  aoin  tritniating ;  and  lastlf 
nbliming  with  a  heat  quickly  meed ;  ycUow 
or  onmg&«o]ouied  flowers  will  rise,  comisting 
of  a  miztnre  of  muriate  of  ammonia,  wiA  mote 
or  leas  muriate  of  ixon.  These,  which  were 
called  Jfowerr  of  steely  and  still  moR  inqao- 
pcriy  ems  venerUt  were  once  much  esteemed  ; 
but  are  now  little  used,  as  they  aienauaeous  in 
solution,  and  cannot  very  confcniendy  be  given 
in  any  other  fionn. 

Carbonic  add,  dissolved  in  water,  oombinei 
with  a  considerable  quantity  of  iron,  in  pn^ 
portion  to  its  mass* 

Phosphoric  add  unites  with  iron,  but  very 
slowly.  The  unioa  is  best  eflected  by  adding 
an  alkaline  phosphate  to  a  solution  of  one  <? 
the  ealts  of  iron,  when  it  will  iidl  down  in  a 
white  pred|ntate.  This  add  is  found  com- 
bined with  iron  in  the  bog  ores,  and  bcms 
at  first  taken  for  a  peculiar  metal*  was  csOed 
nderite  by  Bergraann. 

Liquid  fluoric  add  attacks  iron  withvio* 
lenoe:  the  solution  is  not  crystalliaahle,  but 
thickens  to  a  jelly,  which  may  be  lendered 
solid  by  continuing  the  heat.  The  add  may 
be  expelled  by  heating  it  strongly,  leaving  a 
fine  red  oxide. 

Borate  of  iron  may  be  obtained  by  pred- 
pitadng  a  solution  of  the  sulphate  with  neutral 
borate  of  fioda. 

Arsenic  add  likewise  unites  with  iron*  This 
araeniate  is  found  native. 

Chromate  of  iron  has  been  found  in  the 
department  of  Var  in  France,  and  dsewhere. 
This  is,  however,  rather  a  compound  of  the 
oxides  of  iron  and  chrome. 

Sulphur  combines  very  readily  with  iron. 
A  mixture  of  iron  filings  and  flowers  of  sul- 
phur being  moistened.,  or  made  into  a  paste 
with  water»  becomes  hot,  swells,  adheres  to. 
gether»  breaks,  and  emits  watery  vapours  of 
an  hepatic  smell.  If  the  mixture  be  consi- 
derable  in  quantity,  as  for  example,  one 
hundred  pounds,  it  takes  fire  in  twenty  or 
thirty  hours,  as  soon  as  the  aqueous  vqiours 


By  fiision  with  iron,  sulphur  produces  a 
compound  of  the  same  nature  as  the  pyrites, 
«nd  exhibiting  the  same  radiated  structure 
»hen  broken.    If  a  bar  of  iron  be  heated  to 


inl|^mr»  the  two  aafaotsneet  oooEiMo^aiiddBBp 
down  together  in  a  fluid  states.  MiwHaidMtt 
found,  that  the  magnetiesl  pyrites  nwlnins  As 
■ame  proportion  as  tho  artificial  pcotOBolplnRL 

Phospiiorus  may  be  combined  with  issn  by 
adding  it,  cut  into  small  pieoea,  ta  fine  Iba 
wiro  heated  moderately  led  in  a  cmcftlefsr 
by  fiidng  six  parts  of  iron  dippiDgp,  viihfls 
of  g**nB*  phosphoric  add,  andono  of 
ooupowder.  This  phospfanset  ia  ma§^ 
and  Mr.  Hatdwtt  EsoMika,  that  iran,  \ 
inilasoftorinue  stale  c 
im,  is  enabled  to  do  so  when 
carbon,  sulphur,  or  phosphoma, 
dose  be  so  gnat  as  to  destroy  the  : 
property,  as  ia  most  of  the  natnml  f^riies 
and  idumhega. 

The  combination  of  caibon  with  issn  isof 
all  the  most  important,  and  under  tlio  naaHS 
of  Cast-Iron  and  Ste^  will  be  ( 
the  latter  ^  of  the  psesent  artide. 

Iron  unites  with  gud,  silwE,  and 
When  heated  to  a  whitelheat,  and  phi^sd  ia 
mevoury,  it  becomes  covered  with  aeoadi^sf 
thatmetaL  Mr. A. Aitkenunites»anM^ 
of  nnc  and  mcronry  with  iron  filings,  and  thm 
adds  muriate  of  iron,  when  a  ilarnniposiliuii 
takes  place,  the  muriatic  add  comhini^g  with 
the  dnc,  and  the  amalgam  of  iron  and  aMRBiy 
assuming  the  metallic  lustre  by  kneadhifr  sa- 
dated  with  heat.  Iron  and  tin  very  mdi^ 
unite  together*  Iron  does  not  nniie  casiky 
with  bismuth,  at  least  in  the  direct  wiy» 
This  alloy  is  brittle  and  attiactibk  by  riie 
magnet,  even  with  tfavee4burths  of  bisDiadi. 
As  nickel  cannot  be  puiiiied  from  tmi  with- 
out thegnatest  difiSculty,  it  may  bepnsianed 
that  these  substances  readily  unit&  Anscnic 
forms  a  brittle  substanee  in  its  comhiBatMia 
with  iron.  Cobalt  forms  a  hsidmixtnie  with 
iron,  whidi  is  not  easily  hnkco.  Mangansnc 
is  almost  always  united  with  iron  in  An  native 
state.  Tungsten  forms  a  brittle,  whitish-bsowB, 
hard  alloy,  of  a  compact  tcsune,  when  fund 
with  white  crude  iron.  The  hafaitndesof  non 
with  molybdena  are  not  known. 

Iron  is  the  most  diffiued,  and  the  nest 
abundant  of  metallic  .substances.  Few  mi. 
neral  bodies  or  stones  are  without  an  admix, 
tuie  of  this  meiaL  Sands,  ch^fs,  the  wains 
of  rivers  and  springs  are  scarcely  ever  pcr. 
fecdy  free  from  it.  The  psrta  of  animal  and 
vegetable  substances  likewise  affiwd  iron  in 
the  reddues  they  leave  after  indnentioa^  It 
has  been  found  native,  in  huge  masses,  ia 
Siberia,  and  in  the  internal  paru  of  South 
Amoica.  Tiiis  metal,  however  in  ju  native 
state  is  scarcet  most  iron  is  Ibuod  in  the  stale 
of  oxide,  in  ochres,  bog  ores,  aod  other  fli« 
able  earthy  substances,  of  a  rod,  brown,  yd- 
low,  or  black  colour.  The  msgnet  or  ImI- 
stone  is  an  iron  ore.  Iron  is  also  found  in 
combination  with  the  sulphuric  add,  either 
dissolved  in  water,  or  in  the  ionii  of  aulphaie. 
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'  lBiiak^g»imwwoika^  hituiwlleiiOMt 
«r  caldM  the  one  of  immneviom  totbcir 
fiMioBi  M  wdl  ftm  die  pntpiMK  of  eipeUiog 
enlphviBoitt  or  vmaktX  pail^  as  lo  lender 
them  iDoie  emSij  broken  into  ftegments  of  % 
conye&ieot  liae  for  toMdi^  The  mliMnl  is 
ndted  er  nui  down^  in  Ime  Ibniaeei,  firoin 
16toSeftethigh$and  veaoiisly  eheped,  ef- 
tfaer  oonkd  or  elliptkel,  aceoHlDg  to  the 
opinioD  of  theinD-iMntv.  Neer  the  bottom 
of  the  Aamoee  ie  an  apertof  e  for  die  inaertion 
of  the  pipe  of  laige  beDowe,  woriced  Iff  mtm 
or  aceani,  er  of  othflrmadnnea  for  producnga 
CBiTCBt  of  air ;  and  there  are  abohoke  lU  pfo* 
per  parti  of  the  edifice,  to  be  oecaiioMl]|r 
opened,  to  pennit  the  aeori»  and  the  metal  to 
flo V  ont,  as  the  noetss  may  require.  Char- 
eoaloreoak,  with  y^ted  bnislnveod^  is  fiist 
thrown  in ;  and  when  the  whole  innde  of  the 
fimaoe  has  acquired  a  strong  ignhion,  the  ore 
IB  tlnuwn  in  by  iniall  qnamicies  at  a  tfase, 
with  more  of  the  liiel«  end  commonly  a  por- 
tion of  limestone  ass  flux:  the  eve  gmdually 
BubsMlss  into  the  hottnt  part  of  the  fornaoe, 
whcse  it  beeomes  foned;  die  earthy  part  being 
oonrwted  into  a  land  of  glass ;  while  the  mo- 
tallic  part  is  reduced  by  the  ceal>  and  faQs 
throng  the  vitnons  matter  to  the  lowmt  place. 
The  qnandty  of  fiiel,  the  additions,  snd  the 
heat,  murtbe  regulated  in  order  toobtainiron 
of  any  desired  quality ;  and  this  quality  most 
lihewise,  in  Ae  first  product,  be  neceaarily 
dilfiaent,  according  to  the  nature  of  the  parts 
which  compose  die  ore* 

The  iron  wiiidi  is  obtained  ftom  thesmek. 
hug  furnaces  is  not  pure ;  snd  may  be  dis- 
tii^iahed  hito  three  states  s  white  crude  iron, 
wlneh  is  briUiaBt  in  its  fracture,  and  cxhibitB 
a  cr3rstalliBed  texture,  more  brittle  than  the 
other  kinds,  not  at  all  maOesUe,  and  so  hard 
ae  perfectly  to  withstand  the  fik :  grey  crude 
iron,  which  exhibits  a  grsnidated  and  dull 
texture  when  broken ;  this  substance  is  not  so 
hard  and  brittle  as  the  fonner,  and  is  used  in 
the  fobiiestion  of  artillery,  and  other  artidca 
whidi  requiie  to  be  bored,  turned,  or  repaired  s 
and  black  cast  iron,  which  is  still  roof^  in 
its  fiaetun;  its  parts  adiiero  togedier  less  per- 
focdy  than  those  of  die  grey  erode  iron. 

In  order  to  convert  it  into  malieable  iron, 
it  is  placed  on  a  hesrdi,  in  the  midst  of  dutf. 
eoal,  luged  by  the  wind  of  two  pair  of  beU 
lows.  As  soon  ss  it  becomes  fused,  a  woriu 
man  continually  stirs  it  with  a  kng  iron  in- 
strument. During  the  course  of  se  versl  hours 
it  becomes  graduaUy  less  Aisible,  and  assumes 
the  oonsistenee  of  paste.  In  this  state  it  is 
eanied  to  a  large  hammer,  the  repeated  blows 
of  which  diiYe  out  all  the  parts  that  still  par- 
take of  the  nature  of  erode  iron  so  much  as  to 
retain  the  fluid  state.  By  repeated  heating 
and  hammerinc,  more  of  the  fosible  iron  is 
forced  out ;  and  the  remaiDder,  being  malle. 
able,  is  fotmed  into  a  bar  or  other  form  for 
gale.    Cradft  iron  loses  upwards  of  one-fouith 


eC  its  vei|^  in  thrfmeesi  of -fsfinlng ;  sanie^ 
times  indeed  ono-balfi 

Purified  or  baMvon  iftsoft,  ducdie,  flex« 
Ible,  maUcaUe,  and  possessosalLIhe  quslides 
which  have  been  enumerated  under  tliis  arddo 
aabdongingexdusivelytoiiDn.  Wbenabsr 
of  iron  is  broken,  its  texture  appesrs  ffliroos; 
a  property  whidi  depends  upon  the  meduu 
nicsl  acdon  of  die  hammer,  irtnle  the  metal  is 
esld.  Ignition  destrsys  this  fibrous  texture, 
andiendarsthefanon  more  unifiinn  thronghouts 
but  hammering  restoms  it. 

If  die  purest  malleabk  iron  be  bedded  in 
nonnded  cbareoal,  in  a  covered  oudfak,  and 
ke»t  for  a  certain  number  of  hours  in  a  snong 
red  heat,  (which  time  must  bo  longer  or 
shorter,  according  to  the  jester  or  less  thick* 
ness  of  die  bsis  of  ironX  it  is  found,  dut  by 
this  operation,  whidi  is  called  cementatiouy 
the  inn  has  gdned  a  small  addidon  of  wcfo^ 
smoundng  to  about  the  hundred  snd  fifdedi 
or  the  two-hundredth  part ;  and  isremarkabty 
dfsnged  in  its  propetdes.  It  is  much  mom 
brittle  and  fodble  than  before.  Itssurfoeeis 
oommonly  blistered  when  it  comes  out  of  dm 
erudfale  ;  sad  it  requires  to  be  forged,  to  faring 
its  parts  together  into  a  firm  and  conthinoua 
stste.  This  cemented  iron  is  csUed  steeL 
It  may  be  wdded  like  bar  iroo,  if  it  have  not 
been  fused,  or  ovep-cemented;  but  its  moefe 
useful  and  advantageous  property  is  dwt  of 
becommg  extremdy  hard  when  ignited  and 
plunged  into  cold  water.  The  haraness  pro. 
dnoed  is  greater  in  proportion  as  die  steel  ia 
hotter,  and  the  water  colder.  The  coiouro 
which  appear  on  the  suzfooe  of  sted  slowly 
heated  are  yeUowish-wfaite,  yellow,  gold  colour* 
puple,  vkdet,  deep  blue,  ydlowish-white; 
after  which  dio  ignkion  takes  pbce.  These 
signs  direct  the  artist  in  tempering  or  redndng 
the  hardness  of  sted  to  any  detenninate  stsn- 
dard.  If  sted  be  too  hard,  it  will  not  be 
proper  for  tools  wfaidi  are  intended  to  have  a 
fine  edge,  beesnse  it  will  be  so  britde,  that  the 
edge  will  soon  beoome  notched ;  if  it  be  too 
soft,  it  is  evident  that  the  edge  win  bend  or 
turn*  Some  ardsts  ignite  thdr  tools»  and 
plunge  them  into  coU  water;  after  wiiich, 
they  brighten  the  suxfoce  of  the  sted  upon  a 
stone :  the  tool  being  then  laid  upon  charcoal^ 
or  upon  the  surface  of  mdted  lead,  or  placed 
in  the  fiame  of  a  candle,  gradually  aoqoirea 
the  deshed  colour;  at  which  instant  they 
^nnge  it  faito  water.  If  a  hard  temper  be 
desired,  the  pieoe  is  dipped  again,  and  sdrred 
about  in  the  cold  water  as  soon  as  the  ydlow 
tinge  appears.  If  the  purple  appear  before 
the  dipping,  the  temper  will  be  fit  for  greven, 
and  tools  used  in  working  upon  metsls;  if 
dipped  while  blue^  it  will  be  proper  for  springs, 
and  for  instruments  used  in  the  cattins  of  soft 
subetanees,  such  as  cork,  leather,  and  me  like  ; 
but  if  die  Uttt  pale  cokxir  be  waited  for,  the 
hardness  of  the  sted  will  scsrody  exceed  that 
of  inm^  When,  soft  sted  is  heated  to  aajs 
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it  does  not  MqiiiR  Mtfljr  m  gvnt  * 
degneeof  InidnMi,  m  UfmrkfOdf  made  mttle 
hnrd,  «nd  then  ndveed  by  tmperiiig.  The 
degree  €i  ignicioii  lequiped  to  hatden  steel  k 
difienBt in  the  diflbcnt kinds.  Thebestkinds 
itqidre  enly  a  lov  led  beat  The  haider 
the  eled,  the  mere  eoane  and  gtwudaled  ite 
ftactnn  wiU  be ;  and  ae  this  is  not  eompletdy 
iwnwdisd  by  die  eabaei]iient  tempering,  it  ie 
adviabie  to  emfioy  die  least  heat  capable  of 
aAnding  the  Teqniatte  hudnesa. 

The  venal  time  feqviied  ibr  dw  eementatkm 
of  ited  is  ftom  lix  to  ten  iMmn.  If  the 
ijuiieuiation  be  oottttnued  too  long,  the  steel 
becomes  ponwa,  brittle,  of  a  darker  fimeture. 
more  fusible,  and  incapable  of  being  foiged  or 
welded.  On  the  oontniy,  steel  cemented  with 
cardiy  inftisible  powders,  is  gradually  reduced 
to  the  elate  of  ncged  iron  ««un.  Simple 
ignidon  piuduces  the  same  eflect;  bnt  is  at> 
tended  widi  oxidation  of  the  surfiwe.  The 
texture  of  eted  is  rendered  more  umfbrm  by 
fcsmg  it  before  it  is  ra«le  into  ban:  diis  is 
oaDed  cast  sled;  and  ie  mdier  moredifficoldy 
wnmgfat  than  common  steel,  becanee  it  is  more 
ftttible,  and  is  dispcnsd  under  the  hammer  if 
healed  to  a  white  lieat 

The  English  steel  nosde  by  cementation,  and 
afterward  iiised,  and  sold  under  die  name  <xf 
caat  ateel,  in  ban,  phUes,  and  other  forms, 
posBcsses  great  reputation  for  its  uniibimity  of 
texture,  and  other  good  qualities.  1  have 
been  informed  by  various  authorities,  of  wldch 
die  icsnectability  and  connexioRs  are  caknhtffd 
to  proottce  the  meet  abootute  confidence,  that 
all  the  prime  steds  of  England  are  made  frsm 
Swedish  iron,  known  in  this  country  by  the 
name  of  sted  iron,  of  three  dilferent  marks, 
the  first  of  which  indicates  the  best  quality, 
and  the  third  the  worst 

The  convenioo  of  iron  into  steel,  either  by 
fbsioo,  Tiz.  the  direct  change  of  crude  iron 
into  sted,  or  by  cementation  of  bar  iron,  pre* 
aents  many  objects  of  interesting  inquiry. 
From  various  experiments  of  Bogmann  it 
appeared,  that  good  crude  iron,  kept  for  a 
oertam  time  in  a  state  of  ftidon,  with  sudi 
additions  as  appeared  calculated  to  produce 
little  other  efiect  than  that  of  defending  the 
metal  from  oxidation,  became  converted  into 
ated  with  loss  of  weight  These  fads  are  eon- 
fbnnable  to  the  general  theory  of  Vender- 
monde,  Monge,  and  Berdidlet :  for,  accord- 
ing to  their  researdies,  it  dionld  follow  that 
part  of  the  cariion  in  the  crude  iron  was  dissi- 
pated, and  die  remainder  proved  to  be  such  in 
proportion  as  constitutes  steeL  The  same 
chemist  cemented  crude  iron  with  plumbago, 
or  carbonate  of  iron,  and  found  that  the  metal 
had  lost  no  wd^t  Morveau  repeated  the  ex- 
periment with  grey  crude  iron.  The  loss  of 
«d^  waa  little,  if  any.  The  metal  exhibited 
die  black  spot  by  the  applicatkm  of  nitric  add, 
^  ilad  nmally  does,  but  it  did  not  harden  by 


ignidon  and  fdoii^  in  mm.  A 
condiide,  diat  it  wnMoiivdy  altered ;  fti 
kona  alao  esdiiUt  tfas  biKk  not,  and 
by  common  management  ac^iie  the  liaiilniai 

ofeted.  -_.i_ 

By  pursuing  dda  tnin  of  refloctioiL,  it  wiB 


enly  in  the  anpceidMndance  of 
ought  to  be  capable  of  extreme 
ignited  to  that  degree  whieh  is  i 
oorabine  the  greater  part  of  dda  i 
the  iron,  and  dien  eoddenly  oofllod.  Tfaisis 
acDordinf^y  fonnd  to  be  the  caae.  Ifthegngr 
crude  tran,  commonly  disiiiiguianrn  by  onr 
fonnden  by  dw  name  of  aoft  metoU  be  IttBiBd 
to  a  white  heat,  and  then  phmged  tnto  \ 
k  becomes  very  hard,  mueh  widleiv 
and  more  metallic  in  its  appesmoe;  nod  wiO 
bear  a  pretty  good  edge  fit  for  gmven,  dv  d» 
use  of  tumen  in  iron  or  SteeL  Indieaatoali 
die  angle  of  the  planes  which  fonn  the  odge  ii 
aboutdS*.  The  hardness  of  dds  kind  nfnn 
is  not  conridcmbly  diminished  hot  by  ^;nidaa 
eentmocd  for  a  length  of  thne,  which  is  ei  f 
abo  cenforroable  to  what  happens  ' 
For  the  caat  sted  wiB  be  aoAened 
moch  by  anneating  to  the  stmw  oolanr,  as  the 
harder  stsds  are  by  annealing  to  a  ] 
fidibhMu 

Some  of  our  artists  have  taken  < 
of  this  property  of  soft  crude  iron  in  tito  frbri. 
cation  of  axles  and  ooBars  for  wl^dwork;  foe 
this  mateiial  is  easfiy  filed  and  turned  in  its 
soft  state,  and  may  afterward  be  hardoed  so 
as  to  endure  a  modi  kmger  time  of  wear. 

The  foanden  who  cast  wheels  and  odier 
artides  of  medianiim  an  oreationaiiy  cm- 
banaased  by  this  piopcrty.  Fer,as  themond 
is  poured  into  their  moulds  of  moistened  sand, 
the  evaporatkm  of  the  water  caniesoira  gnat 
portion  of  dM  heat,  and  oooIb  die  iron  ao 
speedily,  as  tovender  it  exunrady  hard,  white, 
and  doee  in  its  texture*  This  is  moot  vo* 
markaUe  in  eoch  portions  of  die  metal  aa  ham 
the  greatest  distance  to  ran  ftom  the  git  or 
apcrmre  of  reception.  For  these  come  in  con- 
tact suooesdvdv  with  a  larger  ] 
sand,  and  are  tfaerefoie 
I  have  seen  the  teeth  of  cog-wheels  i 
in  this  stete,  while  the  rim  and  other  ports  of 
the  wheel  remahied  soft.  Hie  obvious  remedy 
for  this  defect  is  to  increase  the  mmber  of 
gits,  and  to  have  the  sand  ae  dry  aa  powble 
or  convenient.  In  other  artidea  tins  pnipa^ 
has  been  appUed  to  advantage,  pordcndady  in 
the  sted  roUen  for  large  laminating  ndfla^ 

I  have  been  informed  by  a  woikman,  that 
ignited  iron,  suddenly  plunged  into  the  soft 
leadier  of  a  dioe,  becomes  veiy  hard  on  its 
surfooe,  which  must  ariae  from  an  instanla- 
neous  efiect  of  case-hardening. 

The  increase  of  dnnenatons  aofuied  by 
sted  in  hardming  is  sucii,  that,  in  fvenenl, 
pieces  of  work  finished  soft  wfll  not  fit  dear 
places  when  hardened. 


nese  come  m  cm- 
r  portion  of  the 
suddenly  coded, 
srheds  akogediar 
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I  Qf^iia  in  iMid  tlwl,  «  «i- 
bibittd  In  its  lkaotiim»  is  ▼■lioos,  aooKdiDg  to 
the  qualitj  of  the  malil,  and  ch»  temper  itiiat 
vecetved.  The  hnder  tbe  sImI  tbe  ooaner  the 
min*  But  in  like  dicumttanoeB,  fine  iteel 
Em  the  doecit  fl^»  tod  u  ever  the  meet 
vnifimn  in  its  appeeaoicei  Workmen  avail 
AqBeeifM  much  of  this  indicatinn.  In  general 
»  neat  carve  Uned  fiactoie,  end  even  gi«j  tex- 
ture, deaofte  oood  eteel :  andtheappcaianoBof 
tfamda,  oadu,  or  farilliaotqpecks,  denotes  the 
contraiy.  But  die  maniyraeot  of  the  forging 
and  other  cixeiiaDetaneee  of  manufacturing  will 
■Mdiiytheeeindicattoie;  and  the  eteel  that  i« 
food  for  aome  piBpoeei,  may  be  leii  raited  te 


It  k  ibond,  that  iteeL  is  more  cffectosUy 
bardened  in  ecdd  than  in  warm  water,  and  at 
like  trnpentores  more  effectually  in  mercury 
thtti  IB  wator.  Oil  is  found  to  harden  the 
anrfMS  of  eteel  nudi  nwie  than  its  internal 
part,  eo  that  it  rcaists  the  file,  but  ie  much  lees 
easily  broken  by  the  hammer.  TsUow  difieia 
fkauk  oil  in  the  heat  which  becomes  latent  fiir 
its  fiiaioni  and  aoceriingly,  solid  tallow  is 
an  exceUent  material  ior  hardening  drills  and 
other  nnaU  articles.  The  makers  of  files  eover 
dMn  with  the  grounds  of  beer  and  oorameo 
salt,  which  aisiet  their  hardentog,  and  keep 
the  surftce  from  ecorifyiiu.  The  mucilage  of 
die  beer  sapplies  a  coaSy  matter;  and  the 
fused  salt  forms  a  vamiBh  in  the  fire,  and  de- 
finds  ths  sted.  Very  small  articles  heated  in 
a  candle  are  fiwnd  to  be  hardened  perfectly 
by  suddenly  whirling  them  in  the  cold  air; 
and  thin  bars  or  p£tcs  of  steeli  ftuch  ss  the 
magnetic  needle  of  a  compaee,  acquire  a  good 
dc^ee  of  hardness  by  being  ignited,  then  laid 
on  a  phue  of  cold  lead,  and  suddenly  covered 
with  another  plate.  Thiese  would  be  unequally 
hardened,  and  bend,  if  plunged  in  water.  . 

The  black  spot  which  remains  upon  steel, 
or  crude  iron,  after  its  sorfsoe  has  been  cor« 
roded  by  sdds,  oonsiBts  of  plumbagO)  which 
remains  after  the  iron  has  duappearcd  by  so- 
lutifln. 

Selntion  in  the  su^huric  or  muriatic  acid 
not  only  exhlbiu  the  plumbego  contained  in 
iron,  but  likewise  possesses  die  advantage  of 
showing  the  state  of  its  reduction  by  the  quan- 
tttf  of  hydrogen  gas  whidi  is  disengagea :  for 
the  quantity  of  this  gas,  in  like  ciieumstanoes, 
is  proportional  to  that  of  the  iron  which  is 
cenverted  into  oxide.  It  is  found,  that  the 
white  erode  iron  affords  the  least  quantity  of 
hydngen  in  proportion  to  its  bulk,  and  leaves 
a  moderate  portion  of  plumbago ;  the  grey 
crude  iron  affiads  more  hydrogen,  and  more 
plumbago,  than  the  white;  and  the  softest 
bar  iron  affbrds  most  hydrogen  of  anyi  and 
little  or  no  plumbago.  Tht  quantities  of  hy- 
dzogm  gas,  at  a  medium,  by  ounce  measures, 
weM  63,  afiRnrded  by  100  gr^uns  of  the  white 
crude  iron;  71  by  the  gny  crude  iron;  and 
77  by  the  mallfatble  iroi^ 


Inn  is  one  of  the  prhwtpal  <"g^VTHf  ftr 
dyeing  black.  The  stuff  isfirst  prepand  with 
a  bath  of  galls  and  logwood,  then  with  a 
Qimikr  bath  to  which  vcsdiois  is  added,  end 
lastly  dyed  in  a  similar  bath,  with  ^e.addi* 
tkm  of  sulphate  of  inn*  If  it  be  wished  that 
thecolour  should  be  particolarly  fine^  the  atnff 
shoold  praviously  be  dyed  of  a  deep  bluei 
Otherwise  a  brown  may  be  first  given  with  the 
green  husks  of  waUmts.  8ilk  however  mnsl 
net  be  previously  Uued  with  indigo^  and 
sumach  may  be  substituted  instead  of  galls, 
lioather,  prepared  by  tanung  with  oak  bark, 
is  blackened  by  a  sglntion  of  sulphate  of  iraib 

Cotton  has  a  very  strong  aflinity  for  oxide 
of  iron,  so  that  if  it  be  immersed  in  a  solution 
of  any  salt  of  iron,  it  aasamea  a  chamois  eo- 
lour,  more  or  less  deep  according  to  the  strength 
of  the  solution.  The  actwn  of  the  air  on  the 
oxide  of  iron  deepens  the  aokrar;  and  if  the 
shade  wen  at  first  deep,  the  textun  of  the 
stuff  is  liable  to  be  corroded  by  it.  To  pn* 
vent  this,  the  cotton  should  be  immersed  in 
the  solution  cold,  careful^  wniqg,  and  inwiSki 
diatdy  plun^  into  a  ley  of  potash  mixed 
with  a  solution  of  alum.  Alter  having  lain 
in  this  four  or  five  howa,  it  is  to  be  wnmg, 
washed,  and  dried. 

In  order  to  pnvent  gun-barrels  fimn  rust* 
log,  they  are  frequently  browned.  This  is 
done  by  rubbing  them  over  when  finished  with 
aquafortis  or  spirit  of  salt  diluted  vrith  water, 
and  laying  them  by  for  a  week  or  two  till  aconu 
plete  coat  of  rust  is  formed.  A  little  oil  is 
then  ^plied,  and  the  surfooe»  being  rubbed 
dry,  ie  polished  by  msansof  a  hard  brush  and 
a  little  bees*  wax. 

The  yellow  spots  called  iron onoulds,  which 
an  frequently  occasioned  by  washing  ink  spots 
with  soap,  may  in  general  be  removed  by 
lemon.juice,  or  the  oxalic  or  citric  acids  <  or 
by  muriatic  add  diluted  with  five  or  six  porta 
of  water,  but  this  must  be  washed  off  in  a 
minute  or  two.  Ink  spots  may  readily  be  re- 
moved by  the  same  means.  If  the  iraa  mould 
have  nmained  so  long  that  the  iron  is  very 
highly  oxidized,  so  as  to  be  insoluble  in  the 
add,  a  solution  of  an  alkalinn  sulphuret  may 
be  applied ;  and  after  this  has  been  well  washed 
off,  the  acid  will  remove  the  stain. 

To  the  preceding  detaiU,  which  are  selected 
from  Mr.  Nicholson*s  work,  I  shall  subjoin  a 
short  systematic  view  of  the  chemical  naturo 
and  relations  of  iron. 

I.  Of  pure  iron. 

Its  specific  gravity  is  7*7«  but  it  may  be 
made  7*8  by  hammering.  Under  the  article 
CouESioXy  the  tenacity  of  iron  is  given  in 
reference  to  other  solids.  In  malleability  it  is 
much  inferior  to  gold,  silver,  and  copper; 
though  in  ductility  it  approaches  these  meuls  ; 
for  iron  wires  of  1.150th  of  an  inch  an  fre- 
quently drawn.  Its  meltiog  point  is  estimated 
by  Sir  a.  Mackensie  at  \&9*  Wedgewood  ;  the 
extmne  heat  of  our  chemical  fumaoQi. 
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Dr  WoUartonilniilKiwad,  that  the  ftmns 
in  wbldi  ofttive  inm  k  disposed  to  Imak,  aie 
diose  of  die  regultt  oeci^iedfOD  and  teoahedfoi, 
or  nUHbboid)  oonsiBtin^  of  umw  ranns  oosi« 
bined.  In  a  ipedmen  possessed  by  tUs  phi- 
losoplMr,  the  erystaOine  snifkoes  appear  to  nave 
been  the  fesidt  of  a  process  of  oxidation  which 
has  pcnettated  uieinass  to  a  coosidenble  depth 
hidMdinotiaoofitshiDfaia»t  hntinthespe* 
dOMO  which  is  in  the  possession  of  the  Geo- 
l^gkeal  Society,  diebrUliaot  snrfboes  Ihat  have 
iMsn  oocaaloned  by  nncible  sepanMion  froiu 
the  original  mass,  exhibit  also  ihe  same  oon. 
flgatadons  as  are  usnal  in  the  ftactuie  of  oc- 
lohedral  crystals,  and  are  finind  in  many  simple 
metals.  This  spontaneous  decomposition  of 
the  metal  in  the  direction  of  its  aTsealline 
httnins  is  a  new  and  Taluable  Act. 

From  Mr.  Danidl's  iogenions  expeiimenta 
on  the  mechanical  stractore  of  iron,  developed 
by  sohition,  we  lean,  that  a  mass  offer  inm 
which  had  undeigone  all  the  operations  of 
pmdtOUtg  and  romng^  alter  befaig  left  in  Uquid 
muriatic  add,  till  saturation,  presented  the 
appeatanee  of  a  bundle  of  fasces,  whose  fibres 
ran  parallel  throush  its  whole  length.  At  its 
two  ends,  the  pomts  were  perfect  detached 
from  each  other,  and  the  rods  were  altogether 
so  distinct,  as  to  appear  to  the  eye  to  1^  but 
hKwdy  compacted. 

n.  Comptnmdtofinm* 

1.  Oxides ;  of  whidi  tbeve  are  three,  pro- 
bably ibur. 

\Hy  The  oxide,  obtatoed  either  by  digesthig 
an  excess  of  iron  fiKngs  in  water,  by  die  oon^ 
button  of  iran  wire  in  oxygen,  or  by  adding 
pore  ammonia  to  solution  of  green  copperas, 
and  drying  the  precipitate  out  of  contact  of 
air,  is  of  a  bUck  colour,  becoming  wliite  by 
its  union  with  water,  in  the  hydiate,  atttactible 

Sr  the  magnet,  but  more  feebly  than  iron. 
y  a  mean  of  the  experiments  fi^  several  che- 
mists, its  composition  seems  to  be^ 

Iron,  100  77*^  8-6 
Oxygen,  2a6  22.18  1.0 
M^hence  the  prime  equivalent  of  iron  comes 
out,  we  perceive,  3.6.  Sir  H.  Davy's  number, 
reduced  to  the  oxygen  scale,  is  0.86,  one-half 
of  which,  3r43,  is  very  nearly  the  determina- 
tion of  Bctxelius. 

M.  Thenard  in  his  Trait^,  vol.  li.  p.  73, 
says,  the  above  oxide,  obtained  by  decom- 
paring  protosulphate  of  iron  by  potash  or  soda, 
and  washing  the  precipitate  in  dose  vessels  with 
water  deprived  of  its  air,  consists,  according 
•o  M.  Gay  lAissac,  of  100  parts  of  iron,  and 
25  of  oxygen.  This  determination  would 
make  the  atom  of  iron  4.0;  and  is  probably 
incorrect.  This  proportion  is  proved,  headda, 
hj  dissolving  a  certain  quantity  of  iron  in 
ddute  sulphuric  add,  and  collecting  the  evolved 
hydrogen.  Now,  by  this  method,  extreme  pre- 
dafon  should  be  ensured. 

2d;  Dentoxide  of  Af .  Oay  Lussac.    He 
it  by  exponng  a  coil  of  fine  iron  wfan^ 


piawip  ID  an  ignRed  porodaBi  tanei,  to  n  cur- 
rent of  irtem,  as  loog  aa  any  nyurugen  oobms 
over.  There  ii  no  wanyTi  he  says;,  of  geoe- 
ratii^  peroxide  In  diis  expenment,  Docanaie 
iron  once  in  die  state  of  dentondefani  noandh 
affinity  ror  oxygen  as  to  enaUe  it  to  oecosn- 
pose  water.  It  may  also,  he  states,  he  prt^ 
cnied  by  calcming  slxon^py  a  win  lure  of  1 
part  of  iron  and  3  parts  of  the  red  oxide  in  a 
aion^*^Be  cradble,  to  die  necK  of  'wtda  a 
tube  is  adapted  to  est  off  (he  contact  of  air. 
But  tMs  process  is  leas  oertdn  than  the  first, 
because  a  portion  of  peroxide  rmy  f  jcsjip  the 
reaction  of  the  iron.  But  we  may  digpenae 
iridi  the  trouble  of  maUng  it,  adda  M.  The- 
nard,  because  it  is  found  abundantly  in  natnre. 
He  refers  to  tliis  oode,  the  crystaBhBed  sp&> 
eularironoreofSIba,  Corsica,  0aleearfia,  and 
Sweden.  He  also  dasses  under  thfi  oxide  dl 
the  magnetic  iron  ores;  and  says,  tlM  the 
above  described  protoxide  does  not  exist  in 
nature.  From  the  syntliesis  of  tMs  oxide  by 
steam,  M.  Oay  Lussac  has  detennmed  iti 
ootnpodtion  to  be, 

Iron,  100       72.72 

Oxygen,  37-5  27-28 
Sd;  Hitherto  die  oxide  in  the  scales  of  inm, 
fimnd  at  the  smiths'  anvil,  baa  been  regarded 
as  identical  with  the  nadve  magnetic  oxide, 
and  that  obtained  by  transmitting  steam  over 
ignited  iron  wire.  But  M.  Berthier,  te  die 
course  of  some  recent  experiments,  has  feixod 
reason  to  eondude,  that  these  scdes  do  not 
contain  so  mudi  oxygen  as  the  dentoxide  of 
Oay  liussac.  This  oxide,  intermediate  be- 
tween  the  protoxide  and  the  magnetic  oxide, 
does  not  form  a  peculiar  order  of  salts;  it  is 
decomposed  by  the  action  of  adds  into  nroc. 
oxide  and  peroxide,  just  aa  tlie  deutoxioe  of 
Oay  Lussac,  and  tills  property  sdbrds  an  easy 
means  of  analysing  it.  In  dris  way  lie  deter, 
mhied  its  constitution  to  be  two  atoms  of  prou 
oxide  and  one  of  peroxide ;  or  in  wd^t. 
Protoxide,  64.2  or.  Iron,  74.5  100 
Peroxide,   3&8  Oxygen,  2S.5     34.4 

.100.8 
Hence  a  fourth  oxide  must  be  admitted  ;  and 
in  these  four,  says  M.  Berthier,  the  quantities 
of  oxygen  combined  widi  the  same  qnantity 
ci  iron  will  be  to  esdi  other  as  the  numben 
6,  7)  8,  9.  The  scales  of  iron  oxide  ^StoA  yidd 
on  analysis  less  than  35  per  cent,  of  pcnnide, 
are  not  pure,  but  contain  a  mixture  of  scoriff, 
evinced  bv  the  jdly  which  they  fbnn  with 
adds.  The  density  of  these  scales  is  about 
3.5;  whence  he  inftrs  that  they  cannot  be 
composed  of  deutoxide  and  metallic  hrm ;  that 
of  die  former  beirig  4.7^  and  of  the  latter  7.5. 
Afm>  de  Chinu  xxviL  19. 

4</k,  The  red  oxide.  It  may  be  obtained  by 
jgniting  the  nitrate,  or  carbonate ;  by  caldning 
iron  in  open  veasds;  or  simply  by  treating 
the  metal  with  strong  nitric  add,  then  wash- 
ing  and  drying  the  teiidttnm.    ColoochBr  of 
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vfttlolr'or  thnmiglify  oadned  etopcm,  may  be 
oonaidend  as  peroxide  of  iron.  ItexialsabuiK 
dandy  native  in  the  icd  noo  ores.  It  seemt 
to  be  a  oompomid  of 

Iroo»  100 

Chygen,        43 

2.  Ghloriides  of  iron  $  of  which  there  aie 
two,  fint  fYwminfd  in  detail  by  Dr*  John 
Davy- 

The  piotochUffide  may  be  procured  by 
heating  to  rodneae,  in  a  g)aai  tnbe  with  a 
very  mall  onlioe,  the  residue  which  is  ob* 
tained  by  eraponting  to  diynen  the  green 
muriate  of  iron.  It  k  a  txed  subetanee,  le- 
quixtng  a  red  heat  fbr  its  ftision.  It  has  a 
greyian  variegated  colour,  a  metallic  splen- 
dour, and  a  lamellar  texture.  It  absorbs 
chlorine  when  heated  in  this  gas,  and  becomes 
entirely  converted  into  the  voUtile  deuto- 
chlorides  It  consists,  by  Dr.  Davy,  of 
Iron,  46.57 

Chlorine,     53.43 

The  deutochloride  may  be  formed  by  the 
combustion  of  iron  wire  in  chlorine  gas,  or 
by  gently  heating  the  green  muriate  in  a  glass 
tube.  It  is  the  volatUe  compound  described 
by  Sir  H.  Davy  fai  his  cdebrated  Bakerian 
lecture  on  oxymnriatic  add.  It  condenses 
after  sublimation,  in  the  fbim  of  small  bril. 
liant  iridescent  plates. 
It  consists,  by  Dr.  Davy,  of  hfon,  35.1 
chlorine,  04.9 

3.  For  the  iodide  of  iron,  see  Iodiwe. 

4*  Sulphurets  of  iron ;  of  which  only  two 
sere  usuolty  described,  the  protosulphuret  and 
persulphuiet 

Dr.  Hare,  of  Philadelphia,  says,  that  if  a 
guD-barrel  is  heated  red  at  the  butt  end,  and 
a  piece  of  sulphur  thrown  Into  it,  then  eitfacr 
bbwing  through  the  band,  or  closing  the 
mouth  with  a  cork,  wiU  produce  a  jet  of  sul- 

Shurous  vapour  at  the  tonchJidle,  to  whid), 
'  iron  wire  be  exposed,  it  will  bun,  as  if 
ignited  in  oxygen  gas,  and  fall  in  ftised  glo- 
bules of  pfotosulpharet  of  iron. 

The  pennilphuret  of  iron  exists  in  nature. 
It  has  the  metallic  appearance  of  bronze,  but 
its  powder  is  bladdsh-grey.  It  is  in  fact  the 
magnetic  pyrites  of  mineralogy,  which  see 
among  the  O&cs  of  iron.  By  the  analysis  of 
Mr.  Hatchett  and  Profemv  Proust,  it  seems 
to  consist  of  iron,  63 

sulphur.  37 

The  persulphuret  Is  the  cubic  iron  pyrites 
of  tfie  mineralogist. 

The  mean  of  Air.  Hatchett*8  cdd>rated  expo- 
rimeots  on  pyrites,  published  in  the  Phil. 
Tnms.  for  1004,  ghres  of  iron,         100 
sulphur,  113 

6.  Caibuieto  of  iron.  These  compounds- 
fytm  steel,  and  probably  cast-inm ;  ^though 
the  htter  contains  also  some  other  ingredients. 
The  Utest  piacticd  researches  on  the  consti- 
totion  of  these  cartrarets  aie  those  of  Mr* 


Baoldl,  M.  BeiKlius,  and  K.  Kaisten.  For 
die  hut,  see  the  Amutlet  de$  Mines,  ix.  657. 

A  mass  of  sted  just  taken  from  the  erudble 
in  which  it  had  been  fused  was  -subjected  to 
the  action  of  muriatic  add.  It  was  of  a  ra* 
diated  texture.  When  withdrawn  from  the 
solvent,  it  presented  a  highly  OTdalline  ar- 
langenicnt,  composed  of  minute  bnlliant  plates. 
A  bar  of  sted  of  an  even  granular  fracture 
bdng  broken  into  two,  the  fSeoes  were  heated 
in  a  fumaee  to  a  cfaerrv  red.  In  thb  state 
one  of  them  was  plunged  into  cold  water,  and 
the  other  allowed  to  cod  giadudly  by  the 
dow  estittcdon  of  the  fire.  They  were  then 
both  placed  in  muriatic  add,  to  whidi  a  frw 
drops  of  nitric  add  had  been  added.  The 
softened  piece  of  sted  was  readily  attacked ; 
but  it  required  a  period  five  times  greater  to 
saturate  the  add  with  the  hard  piece.  When 
the  solvent  had  ceased  to  act  on  both,  ibey 
were  examined.  The  hard  sted  was  exceed- 
haglv  brittle^  its  surfiioe  was  covered  wiA 
smal]  carities  like  worm-eaten  wood,  but  its 
texture  was  very  compact,  and  not  at  all 
striated.  The  other  piece  was  indastic  and 
flexible,  and  presented  a  iibrous  and  wavy 
texture.  On  this  texture  the  excdlence  of 
iron  for  mechanical  purposes  b  known  to  de- 
pend ;  and  the  parts  not  fibrousare  thrown  off 
by  the  processes  of  puddling  and  hammering. 
By  cutting  the  iron  bars  into  diort  pieces  re- 
pMtedly,  tying  them  In  bundles,  ana  weldfaig 
diem  together,  a  similar  interlacement  of  fibres 
is  given  to  this  vduable  metd,  as  to  flax  and 
hemp,  by  carding  and  spinning.  May  not 
the  superior  quality  of  the  Damascus  sword 
bhdea,  which  is  dill  a  problem,  says  Mr. 
Daniell,  to  our  manufiKturers,  be  owing  to 
some  soeh  manafferoent  ?  A  specimen  of  •mtite 
eaH-irotty  of  a  radiated  fracture,  took  just  diree 
times  as  long  to  saturate  a  given  portion  o( 
add,  as  a  cube  of  gr^;^  etut-iroH^  or  a  mass  of 
bar-iron.  Its  texture,  after  this  action,  ap- 
peared to  be  composed  of  a  congeries  of  plates, 
aggrq^ated  in  various  positions,  sometimes 
pndudng  stars  upon  the  surface,  from  the  in- 
teiseetien  of  thdr  edges.  A  smdl  bar  of  cold 
thort  irotty  exceedinm  brittle,  and  presenting 
in  its  fracture  bright  and  pdiahed  surfaces, 
resembling  antimony,  afrer  the  action  of  the 
acid,  proved  to  be  fibrous.  A  rod  of  hot  short- 
iron  presented,  at  the  end  of  the  operation,  a 
dosdy  compacted  mass  of  very  small  fibres, 
perfectly  continuous.  The  congeries  was* 
twisted,  but  the  threads  preserved  Uieir  pard- 
leUsm. 

In  decomposing  by  heat  done  severd  of 
the  ferroprussiates,  M.  Benelius  found  resi- 
duums  in  the  retorts,  which  were  atomic  com-  ' 
pounds  of  carbon  and  iron.  These  he  named 
carburets,  bicarburets,  tricarburets,  and  quadri- 
carburcts,  the  last  being  the  most  frequent 
combination.  As  his  equivdent  number  for 
iron  is  nearly  the  double  of  that  adopted 
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of  caiixn  3w  +  fam  7 «  or  it  wfll  beourbkar. 
buvet,  carboD  1.5  +  »»  3.5.-— Jfm.  ie  CUm. 
et  PAy«.  zv.  144,  or  ^imab  e^  PhiL  IT.  S. 
i.446. 

MM.  BeneUuf  and  Stmineycr  pfodooed  a 
oompound,  which  they  oooiider  as  a  oombiiMu 
lion  of  iron,  carbon,  and  ailicinm,  the  nnknown 
basil  a£  siUuu  They  mixed  into  a  paste  with 
gum  or  Unseed  oil  very  pure  iron,  silex,  and 
cfaaKoal,  and  heated  themixtura  very  intensely 
in  a  covered  crucible.  They  inferred,  that 
iiliciuBi,  in  the  meteUic  or  inflammahle  state, 
existed  in  the  product,  becanse  the  snm  of  the 
iron  and  silex  extracted  from  the  alloy,  very 
sensibly  exceeded  the  total  weight  of  the  aBoy  $ 
becanse  the  alloy  gave  a  mu£  greater  quan- 
tity of  hydrogen,  with  muriatic  add,  than  the 
iron  alone  which  it  contained  would  have 
aJTorded  ;  and  because  there  is  no  known  com- 
binatioo  of  a  metal  with  an  earth,  which  re- 
quires the  isuccessivc  operation  of  the  most 
powerful  agents  to  decompose  it,  as  this  alloy 
did.  The  colour  of  this  compound  was  that 
oi  common  steel. 

The  quantities  of  the  component  parts, 
however,  of  this  alloy,  differed  veiy  materially 
from  those  of  the  pnrihed  carburet  obtained, 
from  cast-iron.  The  former  varied  from  the 
proportions  of 

Iron,  85.3  to  96.1 
SUicium,  9.2  2.2 
Carbon,      5.3       1.6 

The  artificial  compound  was  highly  mag- 
netical,  while  the  triple  carburet  is  not.  Mr. 
Daniell,  in  examining  by  solution  in  acid  a 
cube  of  ^y  cast-iron,  obtained  a  porous 
Rpongy  substance,  untouched  by  the  men- 
struum. It  was  easily  cut  off  by  a  knil'e; 
had  a  dark  grey  colour  somewhat  resembling 
plumbago^  and  when  placed  in  considerable 
quantity  on  blotting  paper  to  dry,  it  sponta- 
neously heated,  ignited,  and  scorched  the 
paper.  Its  properties  were  not  impaired  by 
being  left  for  weeks  in  the  solution  of  iron,  or 
in  water.  After  a  series  of  elaborate  analytical 
experiments*  Mr.  Daniell  infers  the  composi- 
tion of  this  cast-iron  to  be. 
Iron,  84.66 

15.34 
And  loo  grains  of  the  double  carburet  of  iron 
and  silex,  upon  an  average  of  5  experiments, 
gave  the  following  results : 

Silex,  22.3  =  20.6  oxide  of  silidum  ? 

Carbon,         51.4  =  51.4 

104.9    100.0 
Although  the  existence  of  silidum  in  the 
metallic  state  alloyed  with  uon  is  not  actually 


yet  it  is  rend 

as  Mr.  DaoicU  i 

done  to  compietc  oar  knoatledgr  of  die  naliiia 

or  cast-iron* 

The  composition  of  rted  is  also  very  Tana- 
Ue.  Aooonlfngta  M.  Vanqndm,  the  caiton 
nxms  y4;y  pi^t,  oo  an  svcnge.  By  t 
diamondi  in  cavities  of  aof i  iron,  and  ig 
the  feroer  disappeared,  and  tfaei 
of  the  laOer  waa  umeilad  into  aaed.  M. 
douet  makes  the  caarfaoB  ia  caaUinB  =  ^  if 
the  whole  weight.  But  BcneKus  makes  As 
latter  spedea  a  vecy  eoaplex  cumpuiiad-  A 
specimen  of  very  pore  eaauiran  sBalyaei  by 
lum,  yielded, 

Iran,  gaao 

Silidnm,  0.59 

Magnedum,  aa» 

Manganese,  4.57 

CirboD,  a90 

100.00 

Mr.  Mushethas  inecsted  in  several  i 
of  the  PhiL  Magaaine,  many  exoeDeBt  i 
on  the  manufacture  and  habitudes  of  iioB.' 
the  5th  vohune  of  the  Manchester  Me 
a  good  account  of  (he  pnoess  used  at  Sheffield 
for  converting  caat-inm  into  pore  Iran,  and 
nure  iron  into  steel,  has  been  published  by 
Mr.  Joseph  Collier.  He  baa  given  a  Aaaaing 
of  the  stcd  furnace  of  cementation.  I  regret 
that  the  limits  of  this  work  prevent  nse  mm 
tzanscribing  their  vshiable  oomnmnicatiGBS. 
I  shall  merdy  annex  Mr.  Mushet's  table  of 
the  proportions  of  carbon  cona|»ondiiig  to 
difierent  carburets  of  iron. 

T^  Soft  cast  steel. 

Y^  Common  cast  steel 

^  The  same,  but  harder. 

^  The  same  too  hard  ftr  draw^. 

^  White  cast-iion. 

^  Mottled  cast-iron. 

^  Black  cast-iron. 

Graphite  or  plumbago  is  also  a  cailauei  of 
iron,  containing  about  10  per  cent,  of  netal, 
which,  calling  the  prime  of  Iron  1.75,  mafaei 
it  a  compound  of  21  primes  of  eadtoo  to  1  of 
metal 

Pure  iron  becomes  instantly  mi^netic  when 
preaented  to  a  magnetic  bar ;  and  as  speedily 
loses  its  magnetism  when  the  bar  is  witbnawn. 
Its  coerdve  power,  in  resisting  the  deoompoa- 
tion  or  reoomposition  of  the  austnd  and  boreal 
magnetisms,  is  extremely  fed>le.  But  when 
iron  is  combined  with  ozygen»  carboii,  sol- 
phur,  or  phoephonis,  itaoauiies  the  magnrtn- 
coerdve  virtue,  which  attams  a  maximum  of 
force,  with  certain  proportiona  of  the  cooati* 
toenta,  hitherto  undetermined.  Mr*  Hatchett 
is  the  only  chemist  who  has  adverted  to  this 
subject  in  a  philowphical  manner. — **  Speak- 
ing generally  of  the  carburets^  mlnhurBla,  and 
phoif»hurets  of  iron,  I  have  no  aoiibt,**  say* 


tin,  in  tin-plate.  The  furface  of  the  iron 
plates  is  cleaned  first,  by  steeping  in  a  crude 
bran-vinegar,  and  then  in  dilute  sulphuric 
acid ;  after  which  they  are  scoured  bright 
with  hemp  and  sand,  and  deposited  in  pure 
water,  to  prevent  oxidation.  Into  a  pot,  oon. 
taiaing  equal  parts  of  grain  and  block-tin  in 
a  atate  of  fusion,  covered  with  tallow,  the  iron 
plates  are  immersed  in  a  vertical  direction, 
having  been  previously  kept  for  about  an  hour 
in  mdted  talbw.  From  300  to  400  plates 
arc  tinned  at  a  time :  each  parcel  requires  an 
hour  and  a  half  for  mutu^  incorporation  of 
the  metals.  After  lifting  out  the  tinned  plates, 
the  stris  are  removed  from  their  surfaces,  and 
under  edges,  by  subsequent  immersion  in 
melted  tin,  and  then  in  melted  tallow,  wiping 
the  surfaces  at  the  same  time  with  a  hempen 
bmah. 

Very  curious  and  instructive  experiments 
on  the  alloys  of  steel  with  several  metals,  with 
a  view  to  improve  cutting  instruments  and 
reflecting  mirrors,  have  been  lately  made  in 
the  labOTatory  of  the  Royal  Institution,  of 
which  an  account  is  insert^  in  the  18th  num- 
ber of  the  Journal  of  Science. 

Alloys  of  steel  with  platinum,  rhodium, 
gold,  and  nickel,  may  be  obtained  when  the 
heat  is  sufficiently  high.  This  is  so  remark- 
able with  platinum,  mat  it  will  fuse  when  in 
contact  witn  steel,  at  a  heat  at  which  the  steel 
itself  is  not  affected. 

There  are  some  very  curious  circumstances 
attending  the  alloy  of  ulver.  If  sted  and  silver 
be  kept  in  ftision  together  for  a  length  of  time, 
an  alloy  is  obtained,  which  appears  to  be  very 
perfect  while  the  metals  are  in  the  fluid  state, 
but  on  solidifying  and  cooling,  globules  of 
pure  silver  are  expressed  from  the  mass,  and 
appear  on  the  surface  of  the  button.  If  an 
alloy  of  this  kind  be  forged  into  a  bar,  and 
then  dissected,  by  the  action  of  dilute  sul- 
phuric acid,  the  silver  appears  not  in  com- 
bination  widi  the  steel,  but  in  threads  through- . 
out  the  mass :  so  that  the  whole  has  the  ap- 
pearance of  a  bundle  of  fibres  of  silver  and 
steel,  as  if  they  had  been  united  by  welding. 
The  appearance  of  these  silver  fibres  is  very 
beautiful;^  they  are  sometimes  one-eighth  of 
an  inch  hf  length,  and  suggest  the  idea  of 
giving  mechanical  toughness  to  steel,  where  a 
very  perfect  edge  may  not  be  required.  The 
niost  interesting  result  is  the  following: — 
When  1  of  silver  and  500  steel  were  properly 
fused  together,  a  very  perfect  button  was  pro* 
duced ;  no  silver  appeared  on  its  surface ;  when 
foiged,  and  dissected  by  an  acid,  no  fibres 
were  seen,  althoud^  examined  by  a  high  mae- 
oifying  power.  The  spedmen  fbiged  remark, 
ably  wen,  although  very  hard;    it  had,  in 


portion  of  silver.  It  has  been  rroeatedly  made, ' 
and  always  with  success.  Various  cutting 
tools  have  been  made  from  it  of  the  best  qua- 
lity.  Mr.  Stodart,  a  very  eminent  cutler,  as- 
sisted at  these  experiments,  which  must  give 
the  public  confidence  in  their  practical  results.. 

Equal  parts,  by  weight,  of  platinum  and 
steel,  form  a  beautiful  aUoy,  which  takes  a 
fine  polish,  and  does  not  tarnish ;  the  colour , 
is  the  finest  imaginable  for  a  mirror.  The' 
sp.  gr.  of  this  beautiful  compound  is  9.862. 
The  proportions  of  platinum  that  appear  to 
improve  steel  for  edge  instruments  are  ftom 
1  to  3  per  cent.  While  an  alloy  of  10  plati- 
num  with  80  steel,  after  lying  many  months 
exposed,  had  not  a  speck  on  its  surface,  an 
alloy  of  10  nickel  with  80  platmum  was  in 
the  same  circumstances  covera  with  rust 

The  alloys  of  steel  with  rhodium  would 
prove  highly  valuable,  were  it  not  for  the 
scarcity  of  the  latter  metal. 

Messrs.  Stodart  and  Faraday,  in  a  new 
memoir  on  these  alloys,  published  in  the  PhiL 
Trans,  for  1822,  part  ii,  observe,  that  when 
pure  iron  is  substituted  for  steel,  the  alloys  so 
formed  are  much  less  subject  to  oxidation :  3 
per  cent  of  iridium  and  osmium,  fused  with 
pure  iron,  gave  a  button,  which,  when  forged 
and  polished,  was  exposed  with  many  ouer 
pieces  of  iron,  sted,  and  alloys,  to  a  moist  at- 
mosphere :  it  was  the  last  of  all  in  showing  any 
rust.  The  colour  of  this  compound  was  dis- 
tinctly blue ;  it  had  the  property  of  becoming 
harder  when  heated  to  rolness,  and  quenched 
in  a  cold  fluid.  On  observing  this  steel-like 
character,  they  suspected  the  presence  of  car- 
bon ;  none  however  was  found,  although  it  was 
carefully  looked  for.  It  is  not  improbable 
that  there  may  be  other  bodies  besides  char- 
coal, capable  of  giving  to  iron  the  properties 
of  sted ;  and  though  they  cannot  agree  with 
M.  Boussingault,  when  he  would  replace  car- 
bon in  steel,  by  silica  or  its  base,  they  think 
his  experiments  very  interesting  on  this  point, 
which  is  wortiby  of  &rther  examination.  The 
editor  of  the  Journal  of  Sdence,  in  comment- 
ing on  the  above  alloys,  considers,  that  ^'  a  bar 
of  the  best  ordinary  steel,  selected  with  pre- ' 
caution,  and  most  carefully  forged,  wrought, 
and  tempered,  under  the  immediate  ifupeciion 
ofihe  matter,  would  afford  cutting  instruments 
as  perfect  and  excellent  as  those  composed 
of  wootz  or  of  the  alloys.**— Joumoj^  xiv, 
37a 

There  is  a  spedes  of  sted  made  in  India, 
called  wootz,  possessed  of  excellent  qualities, 
which  seems  to  have  been  successfully  imitated 
in  these  late  experiments  at  the  Royal  Insti- 
tution. In  a  previous  number  of  the  same 
Journal,  (14th))  Mr.  Faraday  had  detailed  a 


A. 


IRO 


544 


IRO 


minute,  and,  apfMucntly,  a  Tery  acconte  amu 
lysis  operated  on  a  part  of  one  of  the  cakes  of 
wooti,  presented  by  the  Right  Hon.  Sir  Joseph 
Bankes  to  Mr.  Stodart.  400  gndas  gave  0-3 
of  a  grain  of  silex,  0*6  of  a  grain  of  alnmma. 
420  grains  of  the  best  English  steel,  furnished 
by  Mr.  Stodtft,  aflbrded  no  earths  whatever. 
l%e  iniitad?e  synthesis  was  performed  in  the 
fbUowing  way : — 

Pore  steel  in  smaU  pieces,  and,  hi  somem- 
atanees,  good  iron,  being  mixed  with  charooel 
powder,  were  intensely  heated  for  a  long  time. 
Thos,  carburets,  having  a  dark-green  metallic 
ooknir,  were  fonned  hignly  crystallised,  resem- 
bling somewhat  the  black  ore  of  tellurium. 
When  broken,  the  facets  of  small  buttons,  not 
wdghing  more  than  600  grains,  were  ftequenu 
ly  above  the  eighth  of  an  inch  in  width.  The 
results  of  several  experiments  on  its  oompoei« 
tioD,  which  appeared  very  uniform,  gave  94-36 
iron  +  ^'^  carbon.  This  being  broken 
and  nibbed  to  powder  in  a  mortar,  waa 
mixed  with  pure  alumina,  and  the  whole  in- 
tensely heated  in  a  close  oudble  for  a  consi- 
derable time.  On  being  removed  from  the 
furnace  and  opened,  an  alloy  was  obtained  of 
a  white  colour,  a  dose  granular  texture,  and 
vtery  brittle.  This,  when  analyzed,  gave  6.4 
per  cent  of  alumina,  and  a  portion  of  carbon 
not  accurately  estimated.  700  of  good  steel, 
vith  40  of  the  alumina  alloy,  were  fused  to- 
gether,  and  formed  a  very  good  button  per. 
ftcdy  malleable.  This,  on  being  forged  into 
aBtde  bar,  and  the  nuthuce  polished,  gave,  on 
the  application  of  sulphuric  acid,  the  beautiful 
damask  peculiar  to  wootz.  A  second  expert- 
ihent  was  m^de  with  500  grains  ofxhe  same 
ated,  and  67  of  the  alumina  alloy,  which  also 
proved  good.  It  forged  well,  and  gave  the 
damask.  This  specimen  had  all  the  appre- 
dable  characters  of  the  best  Bombay  wootz.  It 
Is  highly  probable,  that  the  much  admired 
sabres  of  Damascus  ate  made  from  &is  steel ; 
and  if  this  be  admitted,  there  can  be  little 
reason  to  doubt,  that  Uie  damask  itself  is 
merely  an  exhibition  of  crystallization.  Woots 
requires  for  tempering  to  be  heated  fully  40* 
F.  above  the  best  English  cast  steel ;  and 
afibrds  a  finer  and  more  durable  edge. 

When  soft  sted  is  ignited  to  a  dierry-red, 
and  suddenly  plunged  in  cold  water,  it  is  ren- 
dered so  hard  as  to  resist  the  file,  and  nearly  as 
brittle  as  glass.  The  tempering  of  sted  con- 
sists in  rducing  this  excessive  hardness  to  a 
moderate  degree,  by  a  gentle  heating,  which 
also  restores  its  toughness  and  dastidty.  In 
the  year  1789,  Mr.  Hartley  obtained  a  patent 
fdramode  of  tempering  cutting  instruments 
of  sted,  by  immersion  in  oiL,  heated  to  a  regu- 
lated temperature,  measured  by  a  thermometer. 
This  was  certainly  a  great  improvement,  both 
in  point  of  predsion  and  despatch,  on  the  com- 
mon method  of  heating  the  instrument  over  a 
^ame,  till  a  certain  colour,  produced  by  a  film  of 
^ide,appeanon  its  surface.  These  colonnaie. 


At  430>  F.  a  very  fUnt  ydkw,  te  1 

450        a  pale  straw-colour  for  xazors  and 

surgeons*  instruments. 
470        a  full  ydlow  for  penkniyeb 
490        a  brown  colour,  for  sciaaaxs  sfid 

chiasds  for  cutting  old  iRA. 
510        a  brown,  widi  pur^  H'OlSy  for 

axes  and  plane-irons. 
530       a  purple,  for  tablfr-knivca  aodlsa^ 

shears. 
550       a  blight  blue,  for  swords^  vat^ 

springs,  truss-qnings,  and  bcD- 


560 


600 


-blue,  for  smaU  fine  saws, 

daggers,  && 
dark^ue,  verging  on  WmA,  m 
the  softest  of  all  the  gmdatnn, 
when  the  metal  becomes  fitoaly 
for  hand  and  pit-sawa,  which 
must  be  soft,  that  thdr  tecdi 
may  bear  sharpening  by  the 
file,  and  setting  by  the  hammer^ 
or  pliers. 

If  the  sted  be  heated  still  further,  it  be^ 
comes  perfectly  soft  When  tools  haTing  a 
thick  back  and  thin  edge,  like  penknives,  are 
to  be  tempered,  they  are  placed  wi^  their  backs 
on  a  plate  of  hot  iron  or  on  hot  sand;  other- 
wise  they  would  become  too  soft  at  the  edge, 
before  the  backs  would  be  sufficiently  heated. 
To  prcvoit  warping  of  long  blades,  or  bars  fijr 
magnets,  they  are  generally  hardened  by  hang 
plunged  vertically  mto  water.  It  is  evident, 
that  mdted  pewter,  covered  with  grease,  may 
be  used  instead  of  hot  oil  for  tempering  sted ; 
the  heat  being  Regulated  by  a  thennometeL 

'*Same  recent  experiments,  proving  that 
sted  for  certain  uses  is  suffidently  tempered 
long  before  it  is  heated  to  produce  any  dumge 
of  colour,  promise  to  give  additkmal  value  to 
this  process  by  a  thermometer.  The  knife- 
edges  attached  to  the  pendulum  described  by 
Captain  Kater  (Phil.  Trans.  1818,  p.  38), 
were  forged  hy  Mr.  Stodart,  from  a  piece  of 
fine  wootz.  They  were  carefully  hardened 
and  tempered  in  the  bath  at  430^;  on  trial 
they  were  found  too  soft.  They  were  a  second 
time  hardened,  and  then  heated  to  212«  F. 
The  intention  was  to  increase  the  heat  from 
that  point,  trying  the  temper  at  the  advance  of 
about  every  ten  degrees.  In  the  present  in- 
stance, this  was  not  necessary,  the  beat  of 
boiling  water  moving  to  be  the  exact  point  at 
which  the  knife  edges  were  admlraMy  tem- 
pered. It  is  highly  probable  that  sted,  for 
many  uses,  may  be  sufficiently  tempered  m  a 
range  so  extensive  as  from  212*  to  230*;  and 
by  the  thermometer,  all  the  intervening  de- 
grees may  certainly  be  ascertained.** — Brandc't 
Manual,  ii.  132. 

III.  SiUtiofinm. 

These  salts  have  the  following  general  dia- 
racters: — 

1.  Most  of  them  are  soluble  in  water; 
those  with  the  protoxide  for  a  bate  are  gene- 
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rally  crystallizable ;  those  with  the  pesoxide 
are  generally  not;  the  former  are  insoluble, 
the  latter  solable  in  alcohol. 
2.  Ferroprussiate  of  potash  throws  down  a 

I  blue  ptedpitate,  or  one  becoming  blue  in  the 
air. 

I  3.  Infosion  of  galls  gives  a  dark  purple 
precipitate,  or  one  becoming  m  in  the  air. 

1  4.  Hydrosulphuret  of  potash  or  ammonia 
gives  a  black  precipitote;  but  sulphuretted 
hydrogen  merely  deprives  the  solutions  of  iron 
of  thdr  yellow.brown  colour. 

6.  Phosphate  oi  soda  gives  a  whitish  pre- 
cipitate. 

6.  Benzoate  of  ammonia,  yellow. 

7.  Succinate  of  ammonia,  flesh-coloured 
with  the  peroxide. 

1.  Prof  acetate  of  iron  forms  small  prisma- 
tic crystals,  of  a  green  colour,  a  sweetish 
styptic  taste,  and  a  9p.  gr.  l*36l). 

2.  PeraceiateofironloTmstiredduAi-hrowu 
uncrystallizable  solution,  much  used  by  the 
calico-printers,  and  prepared  by  keeping  iron 
turnings,  or  pieces  or  ola  iron,  for  six  months 
immersed  in  redistilled  pyrolignous  acid. 
See  Acid  (Acetic). 

3.  Protarseniate  of  iron  exists  native  in 
crystals,  and  may  be  formed  in  a  pulverulent 
state,  by  pouring  arscniate  of  ammonia  into 
sulphate  of  iron.  It  is  insoluble,  and  consists, 
according  to  Chenevix,  of  38  add,  43  oxide, 
and  \{}  water,  in  100  parts. 

4.  Perarseniate  of  iron  may  be  formed  by 
pouring  arseniate  of  ammonia  into  peracetate' 
of  iron  ;  or  by  boiling  nitric  add  on  the  protar- 
seniate.     It  is  insoluble. 

5.  Antimoniate  of  iron  is  white,  becoming 
yellow,  insoluble. 

6.  Borate^  pale  yellow,  insoluble. 

7.  Benzoate^  yellow,  insoluble. 

8.  Protoearhonate,  greenish,  soluble. 

9.  Percarhonate^  brown,  insoluble. 

10.  Chr ornate^  blackish,         do. 

1 1.  Protocitrate^  brown  crystals,  soluble. 

12.  Protoferroprusriate^  white,  insoluble. 

13.  Perferroprussiate^  blue,  do. 
TbiH  constitutes  the  beautiful  pigment  called 

Prussian  blue.  When  exposed  to  a  heat  of 
about  400°,  i^ takes  fire  in  the  open  air;  but 
in  dose  vessels  it  is  decomposed,  apparently, 
into  carburetted  hydrogen,  water,  and  hydro, 
cyanate  of  ammonia,  which  come  over ;  while 
a  mixture  of  charcoal  and  oxide  of  iron  re- 
mains in  the  state  of  pulverulent  pyrophorus, 
ready  to  become  inflamed  with  contact  of  air. 
I  have  alroidy  considered  the  constitution  of 
prusdan  blue,  in  treating  of  the  Ac td  (Feb- 
RopRussic)  ;  and  have  little  farther  to  add 
to  what  is  there  stated. 

When  sulphuric  add  is  added  to  prussian 
blue,  it  makes  it  perfectly  white,  apparently 
by  abstracting  its  water ;  for  the  blue  colour 
returns  on  dilution  of  the  acid,  and  if  the 
stioog  add  be  poured  off,  it  yields  no  traces 
of  either  prusdc  add  or  iron.    On  submitting 


pure  Prussian  blue  for  some  time  to  the  action 
of  sulphuretted  hydrogen  water,  small  brilliant 
crystals  of  a  yellowish  colour  appeared,  which 
became  blue  in  the  air,  and  were  protoprus- 
siate  of  iron. 

14.  Protogallaie,  colourless,  soluble. 

15.  Pergallatc,  purple,  insoluble. 

16.  Protomuriate^  green  crystals,  very  so- 
luble. 

17*  Permuriate,  brown,  uncrystallizable, 
very  soluble.  See  the  chlortdet  of  iron  pre- 
viously described. 

18.  ProtonUrate^  pale  green,  soluble. 

19.  Pernitraie,  brown,  do. 

20.  Protoxalate^  green  prisms,  do. 

21.  PcroxalatCn  ydlow,  seated/  soluble. 

22.  Protophotphate^  blue,  insoluble. 

23.  Perphoxphate,  white,        do. 

24.  Prototuccinate^  brown  crystals,  solu- 
ble. 

25.  Persuccinate,  brownish-red,  insoluble. 

26.  Protosidpliatey  green  vitriol,  or  cop- 
peras. It  is  generally  formed  by  exposing 
native  pyrites  to  air  and  moisture,  when  the 
sulphur  and  iron  botli  absorb  oxygen,  and 
fonn  the  salt.  There  is,  however,  an  excess 
of  sulphuric  acid,  which  must  bo  saturated 
by  digesting  tiie  lixivium  of  the  decomposed 
pyrites  with  a  quantity  of  iron  plates  or  turn- 
ings. 

It  forms  beautiful  green  crystals,  wliich  are 
transparent  rbomboidol  prisn.s,  whose  faces 
are  ihouibs  with  angles  of  7!i®  50^  and  lOO*' 
lO',  indined  to  each  other  at  angles  of  98o  37' 
and  81P  23'.  Sp.  gr.  1  -84.  It;}  taste  is  harsh 
and  styptic.  It  reddens  vegetable  blucb. 
Two  parts  of  cold  and  three-fourths  of  boiling 
water  dissolve  it.  It  docs  not  dissolve  in  alco- 
hol. Exposure  to  air  converts  the  surface  of 
the  crystals  into  areddcutosulphatc.  A  mode- 
rate heat  wliitens  it,  by  separating  the  water 
of  crystalli£ation,  and  a  stronger  heat  drives 
off  the  sulphuric  add.  Its  constituents  are 
28-9  acid,  28.3  protoxide,  and  45  water,. ac- 
cording to  BerzdiuB. 

27*  Pertidphate,  Of  this  salt  there  seems 
to  be  four  or  more  varieties,  having  a  fenreous 
base. 

The  tartrate  and  pertartnite  of  iron  may 
also  be  formed ;  or,  by  digesting  cream  of 
tartar  with  water  on  iron  filings,  a  triple  salt 
may  be  obtained,  formerly  called  tartarized 
tincture  of  Alars.    See  Salt. 

Iron  is  one  of  tlie  most  valuable  articles  of 
the  materia  medica.  The  protoxide  acts  as  a 
genial  stimulant  and  tonic,  in  all  cases  of  chro- 
nic debility  not  connected  with  organic  conges- 
tion or  inflammatiou.  It  is  peculiarly  effica- 
dous  in  chlorosis.  It  appears  to  me  that  the 
peroxide  and  its  combinations  are  almost  uni- 
formly irritating,  causing  heartburn,  febrile 
heat,  and  quickness  of  pulse.  Many  clialy- 
beate  minoal  waters  contain  an  exceedingly 
minute  quantity  of  protocarbonate  of  iron,  and 
yet  exerdj'e  an  astorishing  p:uvtr  iii  .-(truiii  g 
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the  rfhausicd  firvne.  I  bdieve  their  ▼ntne 
to  be  derived  umpljr  from  the  Doetal  being  oxi- 
dized to  a  minimum.  And  di£fiucd  by  the 
a;zcncT  of  a  mild  add  thxougfa  a  great  body 
of  water,  in  which  sU!e  it  is  rapidly  taken  op 
b}-  the  lactpala,  aod  speedily  imparts  a  ruddy 
hue  to  the  wan  countenaooe.  1  And  that  these 
qualities  may  be  imiuted  exactly,  by  dissolv. 
ing  3  grains  of  sulphate  of  iron,  and  61  of  bicar. 
bcnate  of  potash,  in  a  quart  of  oool  water,  with 
agitation  in  a  cloae  vesseL 

IRON-FLINT.  EcisenkieseL—irtf  m^rr. 
Odours  brown  ar.d  red.  Massive  and  crystal- 
lized  in  small  equiangular  six-sided  prisma, 
acuminated  oo  both  extremities.  It  oecors 
commonly  in  small  angnlo-gianular  distina 
concretions.  Lustre  vitreo-wsiooas.  Frac- 
ture  small  conchoidaL  Opaque.  Gives  sparks 
with  steel.  Rather  difficultly  frangible.  Sp. 
gr.  2.6  to  2.8.  Infusible.  lu  constituents  are, 
t>3.5  silica,  5  oxide  of  iron,  and  1  volatile  mat- 
ter. The  rrd  uon-flint  contains  21.7  oxide  of 
iron,  and  76.8  silica.  It  oocun  in  veins  in 
ironstone,  and  in  trap-rocks,  near  Bristol,  in 
the  island  of  Rathlia,  at  Dunbar,  and  in  many 
parts  of  (Germany.— «7(/m<;«oiv. 

IRON-ORE.  See  Ores  of  iron. 

18ATIST1NCT0RIA.  The  plant  used 
for  dyeing,  called  xcoad. 

ISEKINE.  Colour  iron-black.  In  smaU 
obti»e  angular  grains.  Lustre  splendent  or 
glistening,  and  metallic.  Fracture  oonchoidal. 
Opaque.  Harder  than  felspar.  Brittle.  Retains 
its- colour  in  the  streak.  Sp.  gr.  4*6.  It  melts 
into  a  blackish-brown  glass,  which  is  slightly 
attracted  by  the  magnet  The  mineral  adu 
have  no  effect  on  it,  but  oxalic  add  extracts  a 
partion  of  the  titanium.  Its  constituents  are, 
48  oxide  of  titanium,  48  oxide  of  iron,  and  4 
uranium,  by  Dr.  Thomson's  analysis  of  the 
i««erine  found  in  the  bed  of  thfi  river  Don,  in 
AlK-rdeennkire;  but,  by  KUproth,  it  consisu 
of  28  oxide  of  titanium,  and  72  oxide  of  iron. 
On  the  continent  it  has  hitherto  been  found  only 
ia  (lic  lofty  llie«engcbirge,  near  the  origin  of 
thj  stream  calli'd  the  Iscr,  disseminated  in  gra- 
fiite  band;  and  in  alluvial  soil  along  with 
pyrope  in  Bohemia.-  Jjnirson. 

ISINGLASS.  This  bubstance  is  almost 
wholly  gelatin  ;  100  grains  of  good  dry  isin- 
glass  conuinin^  rather  more  thim  98  of  mat- 
ter soluble  in  water. 

Isinglass  is  made  from  certain  fiih  found  in 
the  Danube,  and  the  rivers  of  Muscovy.  M'il- 
loughby  and  others  inform  us  that  it  is  made 
of  the  sound  of  the  beluga;  and  Neumann 
that  it  is  made  of  the  huso  Gemianorum,  and 
other  fii«h,  which  he  has  frequently  seen  sold 
in  the  public  markets  of  Vienna.  Mr.  Jack- 
son  remarks,  that  the  tiounds  of  cod,  properly 
prepared,  nftbrd  this  substance ;  and  that  the 


lakes  d  America  aboood  with  fidi  liom  wfaidi 
the  very  finest  sort  may  be  obtained. 

Isinglass  recdves  its  different  ihifics  in  the 
following  manner : — 

The  parts  of  which  it  is  composed,  pntico- 
laily  the  sounds,  are  taken  from  the  fish  wh^ 
sweet  and  fresh,  slit  open,  vrashed  firom  their 
slimy  tordtt^  divested  of  a  very  thin  memfanae 
whidi  envelopes  the  sound,  and  then  exposed 
to  stifle  a  little  in  the  air.  In  this  state  they 
are  fonned  into  rolls  about  the  thickneas  di  s 
finger,  and  in  length  aceoiding  to  the  intendrd 
siae  of  the  staple :  a  thin  membrane  is  gene, 
rally  selected  for  the  centre  of  the  roll,  round 
which  the  rest  are  folded  altematdy,  aod 
about  hslf  an  inch  of  eadi  eztrcmi^  of  the 
roll  is  turned  inwards. 

Tfinglsss  is  best  made  in  the  smnma,  as 
frost  gives  it  a  dissgrecable  ookmr,  deprives 
it  of  weight,  and  impairs  its  gdatinoua  pnn- 
dples. 

Isinglass  boiled  in  milk  forma  a  mild  niitzi- 
tiotis  jdlv,  and  is  thus  sometinies  employed 
medicinally.  This,  when  flavoured  by  the  an 
of  the  cook,  is  theblanc-manger  of  our  tables. 
A  solution  of  isinglass  in  water,  with  a  very 
small  proportioD  SL  some  balsam,  i^nead  on 
black  silk,  is  the  court-plaster  of  the  shops. 

rV'ORY.  The  tusk,  or  tooth  of  defience  of 
the  male  elephant.  It  is  an  intermediate  sub- 
stance  between  bone  and  horn,  not  cs^iafale  of 
being  soAened  by  five,  not  altogether  so  hard 
and  brittle  as  bone.  Sometimes  it  grows  to 
an  enormous  size,  so  as  to  weigh  near  two 
hundred  pounds. 

The  entire  tooth  is  of  a  yellowish,  browiush, 
and  sometimes  a  dark  brown  coloiir  on  the 
outside,  internally  white,  hollow  towarda  the 
root,  and  so  frtf  as  was  inserted  into  the  jaw, 
of  a  blackish  -  brown  colour.      The   finest,     | 
whitest,  smoothest,  and  most  compact  ivory     I 
comes  from  the  island  of  Ceylon.     The  grand     i 
consumption  of  this  commodity  is  for  making     I 
ornamental    utensUs,    mathematical    instru- 
ments, cases,  boxes,  baUs,  combs,  dice,  and 
an   infinity  of  toys.     The    workmen    have 
methods  also  of  tingeing  it  of  a  variety  of 
colours.  I 

Mcrat  Guillot  obtained  from  100  parts  of 
ivory,  24  gelatin,  04  phosphate  of  lime,  and 
0.1  carbonate  of  lime. 

The  coal  oi  ivory  is  used  in  the  arts  under     ' 
the  denomination  of  ivory  black.    Particulsr 
vessels  are  used  in  the  manufactory  of  ibis 
pigment,  for  the  purpose  of  rendering  it  pa- 
fectly  black.  I 

Some  travellers  speak  of  the  tooth  of  tk     j 
sea-horse  as  an  excellent  ivory ;  but  it  is  too     j 
hard  to  be  sawed  or  wrought  like  ivory.     It 
is  used  for  making  artificial  teeth. 
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KALI*    See  Potash. 

KAOLIN.  The  Chinese  name  of  porce* 
lain  day* 

KAHPHOLITR  A  yeUow  mmenl, 
which  occun  in  thin  prismatic  ooncretioDS. 
Specific  gravity,  2.935. 

K£DAIA  T£RH£STRIS.  Barbadoes 
tar.    See  Bitumsv* 

KELP.  Incinerated  tea- weed.  See 
Soda. 

K£RAT£.  The  third  mineral  order  of 
Moha.    See  Mivxralogt. 

K£RM£S  (coccus  mdt,  Lin.)  is  an  in.^ 
sect  found  in  many  parts  of  Asia,  and  the 
south  of  £iiH>pe. 

On  account  of  their  figure,  they  were  a  long 
time  taken  for  the  seeds  of  the  tree  on  whi£ 
they  live ;  whence  they  were  called  graUu 
<^kerme9>  Ihtj  also  bore  the  name  dT  ver- 
milion. 

To  dye  spnn  wonted  with  kerraes,  it  is 
first  boikd  h^lf  an  hour  in  water  with  bran, 
then  two  houxs  in  a  fresh  bath  with  one-fifth 
of  Roman  alum,  and  one-tenth  of  tartar,  to 
which  tour  water  is  oommonl?  added ;  after 
which  it  is  taken  out,  tied  uj^m  a  linen  bag, 
and  carried  to  a  cool  place,  where  it  is  left 
some  days.  To  obtain  a  ftdl  colour,  as  much 
kermes  as  equals  three-fourths,  or  even  the 
whole  of  the  weight  of  the  wool,  is  put  into  a 
vami  bath,  and  the  wool  is  put  in  at  the  first 
boiling.  As  doth  is  more  dense  than  wool, 
either  spun  or  in  the  fleece,  it  requires  one- 
fourth  less  of  the  salts  in  the  boiling,  and  of 
kermes  in  the  bath. 

The  colour  that  kermes  imparts  to  wool  has 
much  less  bloom  than  the  scarlet  made  with 
cochineal;  whence  the  latter  has  generally 
been  preferred,  since  the  art  of  heightening  its 
cobur  by  means  of  solution  of  tin  has  been 
known. 

K£RM£S   MINERAL.      See  Akti. 

MOKT. 

KIFFEKILL.    See  Meerschaum. 

KILL  AS.  The  Cornish  miner's  name  for 
dayslate. 

KI LLINITE.  A  mineral  of  a  light  green 
colour,  sometimes  tinged  brown  or  yellow. 
Massive,  or  with  some  appearance  of  prisms. 
Structure  lamellar.  Lustre  glimmering ; 
translucent ;  yields  to  the  knife ;  and  is  easily 


frangible.  Spec.  gmv.  2.698.  Its  ocmstitu. 
oits  are  silica  62.49,  alumina  24.50,  lime, 
magnesia,  and  oxide  of  iron,  0.5,  potash  5, 
oxide  of  iron  2.49,  oxide  of  manganese  0.75, 
water  5. — Dr,  Barker.  Before  Sie  blowpipe 
it  becomes  white,  swells,  and  melts  into  a 
white  enameL 

It  was  discovered  by  Dr.  Taylor  in  granite 
veins  at  Killiney,  near  Dublin.  It  resembles 
spodumene  so  much,  that  the  alkali  has  been 
suspected  to  be  lithia,  and  not  potash. 

KINATE  OF  LIME.  A  salt  which 
forms  7  per  cent,  of  dnchona.  See  Acid 
(Ki3ric). 

KINO.  A  few  years  ago  this  was  intio- 
dneed  into  our  shops  and  medical  practice  by 
the  name  of  a  gum;  but  Dr.  Duncan  haa 
shown  that  it  is  an  extract.  It  oontains  also 
a  species  of  toimiii,  whence  it  is  used  as  a& 
astringent  in  diarrhmas. 

KLEBSGHIEFER.    Adhesive  slate. 

KN£B£LITE.  A  mineral  of  a  grey  co- 
lour, spotted  with  dirty  white,  red,  or  brown. 
Massive.  Glistening.  Fracture  imperfectly 
eoncfaoidal.  Opaque,  hard,  brittle,  and  diffi- 
cultly frangible.  Spec.  grav.  3.714.  Its 
eonstituenu  are  silica  32.6,  protoxide  of  iron 
32.0,  protoxide  of  manganese  35. — Ddbe^ 
reiner. 

KOLLYRITE.  A  white,  massive,  soft, 
and  light  mineral,  which  ieeb  greMy,  and 
adheres  to  the  tongue.  It  beoomes  transparent 
in  water,  and  falls  to  pieces.  It  consists  of 
14  silica,  45  alumina,  and  42  water — Kia- 
proth.    It  occurs  in  porphyry  in  Hungary. 

KONIGINE.  A  mineral  in  small  eme- 
rald, or  blackish-grcen,  translucent  crystals. 
It  resembles  BrocAarOUe,  and  is  probably  a 
subsulphate  of  copper.  —  M.  Levy  in  Annala 
ofPhU.  xi.  104. 

KONITE.     SeeCoKiTE. 

KOUMISS.  A  vinous  liquid,  which  the 
Tartars  make  by  fermenting  mare's  milk. 
Something  similar  is  prepared  in  Orkney  and 
Shethnd. 

KOUPHOLITE.  A  variety  of  prehnite 
found  near  Bareges. 

KRAMERIC  ACID.    See  Acid  (Kra- 

MERXC). 

KUPFER  NICKEL.    See  Nickel. 
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LABDANUM*  A  resin  nf  a  species  of 
cistas  in  Candia,  of  a  blackish  colour.  The 
country  people  collect  it  by  means  of  a  staff, 
at  the  end  of  which  are  fastened  many  leather 
thongs,  which  they  gently  strike  on  the  trees. 
They  form  it  into  cylindrical  pieces,  which 
are  called  lahdanum  in  tortis.  It  is  greatly 
adulterated  by  the  addition  of  black  sand.  It 
has  been  used  in  cephalic  and  stomachic 
plasters  and  perfumes. 

LABORATORY.  A  place  properly 
fitted  up  for  the  performance  of  chemical 
operations. 

As  chemistry  is  a  science  founded  entirdy 
on  experiment,  we  cannot  hope  to  understand 
it  well,  without  making  such  experiments  as 
verify  most  of  the  known  fundamental  opera, 
tions,  and  also  such  as  reasoning,  analogy, 
and  the  spirit  of  inquiry,  never  fail  to  suggest 
to  those  whose  taste  and  suitable  talents  lead 
them  to  this  essential  part  of  experimental 
philosophy.  Besides,  when  a  person  himself 
observes,  and  operates,  he  must  perceive,  even 
in  the  most  common  operations,  a  great  variety 
of  small  facta,  which  must  necessarily  be 
known,  but  which  are  not  mentioned  either  in 
books  or  in  memoirs,  because  they  are  too 
numerous,  and  would  appear  too  minute. 
Lastly,  there  are  many  qualities  in  the  several 
agents,  of  which  no  just  notion  can  be  given 
by  writing,  and  which  are  perfectly  well 
known  as  soon  as  they  have  been  once  made 
to  strike  our  senses. 

Many  people  think,  that  a  laboratory  level 
with  the  ground  is  most  convenient,  for  the 
sake  of  water,  pounding,  washing,  &c  It 
certainly  has  these  advantages ;  but  it  is  also 
subject  to  very  great  inconvenience  from 
moisture. 

Constant  moisture,  though  not  very  con- 
siderable and  sensible  in  many  respects,  is  a 
very  great  inconvenience  in  a  chemical  labo- 
ratory. In  such  a  place,  most  saline  matters 
become  moist  in  time,  and  the  inscriptions 
fall  off,  or  are  effaced ;  the  bellows  rot ;  the 
metals  rust ;  tlie  furnaces  moulder,  and  every 
thing  almost  spoils.  A  laboratory,  therefore, 
is  more  advantageously  placed  above  dian  be- 
low the  ground,  that  it  may  be  as  dry  as  possi- 
ble. The  air  must  have  ftee  access  to  it ; 
and  it  must  even  be  so  constructed,  that,  by 
means  of  two  or  more  opposite  openings,  a 
current  of  air  may  be  admittjed,  to  carry  off 
any  noxious  vapours  or  dust- 
In  the  laboratory  a  chimney  ought  to  be 
constructed,  so  high  that  a  penon  may  easily 
stand  under  it,  and  as  extensive  as  is  possible ; 
that  is,  from  one  wall  to  another.  The  fun- 
nel of  this  chimney  ought  to  be  as  high  as  is 
posKiblc*  and  sufficiently  contracted  to  make 


a  good  draught     As  charcoal  only  is  1m8b< 
under  diis  chimney,  no  soot  is  oollccteri  b 

it ;  and  therefore  it  need  not  be  so  wide  ai 
to  allow  a  chimney-sweeper  to  pass  op  into  it. 

Under  this  chinmey  may  be  caoatrvxtsi 
some  brick  furnaces,  particulailj  a  mdtb; 
furnace,  a  furnace  for  distilling  with  as 
alembic,  and  one  or  two  ovens  like  those  ia 
kitchens.  The  rest  of  the  space  ought  t9 
be  filled  up  with  stands  of  difierent  heights, 
from  a  foot  to  a  foot  and  a  half,  <m  whiA 
portable  furnaces  of  all  kinds  are  to  be  placed. 
These  furnaces  are  the  most  convenient,  iiocn 
the  facility  of  disposing  them  at  pkimre; 
and  ther  are  the  only  Ibmaoes  which  are  ne- 
cessary m  a  small  laboratory.  A  doable  pair 
of  bellows  of  moderate  sixe  must  also  be 
placed  as  oommodiously  under  the  diinmey. 
or  as  near,  as  the  place  will  allov.  These 
bellows  are  sometimes  mounted  in  a  portable 
frame;  which  is  sufficiently  convenient,  wfaa 
the  bellows  are  not  more  than  eigfatsa  or 
twenty  inches  loqg.  These  belloirs  oo^  is 
have  a  pipe  directed  toward  the  hearth  wbete 
the  foxge  is  to  be  placed. 

The  necessar]^  nimaoes  are,  the  simple  hr- 
nace,  for^istiUmg  with  a  copper  alembic;  a 
lamp  furnace;  two  reverbcratorj  furnaces  of 
different  sises,  fiir  distHling  with  retoits ;  sb 
air  or  melting  fuisace,  an  assay  furnace,  and 
a  forge  furnace. 

Under  the  chimney*  at  a  oonvenient  height, 
must  be  a  row  of  hooks  driven  into  the  haA 
ahd  side  walls ;  upon  which  are  to  be  hang 
small  shovels;  iron  pans;  tongs;  straight, 
crooked,  and  circular  pincers;  pokecs;  iron 
rods,  and  other  utensils  for  disposing  the  liid 
and  managing  the  crucibles. 

To  the  walls  of  the  laboratory  ought  to  be 
fastened  shelves  of  difierent  bieaaths  and 
heiffhts ;  or  these  shelves  may  be  suspended 
by  hooks.  The  shelves  are  to  eontam  g^aas 
vessels,  and  the  products  of  operations,  and 
ought  to  be  in  as  great  a  number  as  ]spQS8ifal& 
In  a  laboratory  where  many  ezpoiments  are 
made,  there  cannot  be  too  many  shelves. 

The  most  convenient  place  lor  a  stone  or 
leaden  dstem,  to  contain  water,  is  a  comer  of 
the  laboratory,  and  under  it  a  nnk  ov^t  to 
be  placed  widi  a  pipe,  by  which  the  water 
poured  into  it  may  dischaige  itsdf.  As  ^ 
vessds  are  always  deaned  under  this  ciateiQ, 
cloths  and  bottle  brushes  ought  to  be  hang 
upon  hooks  fastened  in  the  walls  near  iL 

In  the  middle  of  the  laboratory  a  laxge 
table  is  to  be  placed,  on  which  mixtures  are 
to  be  made,  preparatioos  for  operations,  s«^ 
lutions,  predpitatioos,  small  filtratioiis;  in  a 
word,  whatever  does  not  require  fire,  except- 
ing that  of  a  lamp. 
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III  eonvaiifliit  puts  of  the  laboratory  are  to 
be  placed  blocks  of  wood  upon  mats ;  one  of 
which  is  to  support  a  middle-sized  iron  mor- 
tar ;'  another  to  support  a  middle-sized  marble, 
or  rather  hard  stone  mortar ;  a  third  to  support 
an  anyiL  Near  the  mortars  are  to  be  huns 
aearces  of  difierent  sizes  and  fineness;  and 
near  the  anvil  a  hammer,  files,  rasps,  small 
pincers,  sdssazs,  shears,  and  other  small  uten- 
Bils,  necessary  to  give  metals  a  form  proper 
for  the  several  operations. 

Two  moveable  trestles  ought  to  be  in  a  la- 
boratory, which  may  serve  to  support  a  large 
filter  mounted  upon  a  frame,  when  it  is  re- 
quired. '  This  apparatus  is  removed  occasion- 
ally to  the  most  convenient  place. 

Chanoal  is  an  important  article  in  a  labo- 
latory,  and  it  therefore  must  be  placed  within 
reseh ;  but  as  the  Uack  dust  which  flies  about 
it  whenever  it  is  sthned  is  apt  to  soil  every 
thing  in  the  laboratory,  it  had  better  be  in 
some  place  near  the  laboratory,  together  with 
some  fuise,  which  is  very  convenient  for 
kindling  fins  quickly.  Tids  place  serves,  at 
the  aame  time,  for  containing  bulky  things 
which  an  not  <rfken  wanted ;  such  as  ftunaces, 
bricks,  tiles,  day,  fiie-day,  quicklime,  sand, 
sod  many  other  things  necessary  for  chemical 
operations. 

Lastly,  a  middle-sised  table,  with  solid  feet, 
ought  to  be  enumerated  among  the  large 
moveables  of  a  laboratory,  th«  use  of  which  is 
to  support  a  porphyry*  or  levigating  stone,  or 
lather  a  very  hard  and  dense  grit-stone,  toge- 
ther with  a  muller  made  of  the  same  kind  of 
stone. 

The  other  small  moveables  or  utensils  of  a 
laboratory  are,  small  hand  mortars  of  iron, 
glass,  agate,  and  Wedgewood^s  ware,  and 
their  pestles;  earthen,  stone,  metal,  and 
glass  vesselB  of  different  kinds^  funnels,  and 
measures. 

Some  white  writing  paper,  and  some  nn- 
sixed  paper  for  filters ;  a  large  number  of  clean 
straws,  eight  or  ten  inches  long,  for  stining 
mixtures  in  glasses,  and  for  supporting  paper 
filters  placed  in  glass  funnels. 

Olsss  tubes  Ibr  stirring  and  mixing  corro- 
sive liquors;  spatulas  of  wood,  ivory,  metal, 
and  glass. 

Thin  pasteboards,  and  boms,  very  conve- 
ment  for  collecting  matters  bruised  with  water 
iipon  the  levig^uing  stone,  or  in  mortars; 
oivks  of  all  sizes;  bUiddcn  and  linen  strips 
for  luting  vessels. 

A  sood  portable  pair  of  bellows ;  a  good 
steel  for  striking  fire ;  a  glue-pot,  with  ito  little 
brush ;  lastly,  a  great  many  boxes,  of  various 
^a>  for  containing  most  of  the  above-men- 
tioned things,  and  which  are  to  be  placed  upon 
the  shelves. 

I^esides  these  things,  some  subsUnces  are 
so  neoeasary  in  most  chemical  operationa,  that 
uiey  toMf  be  eomidered  as  instruments  requi- 
site for  the  piactioe  of  this  science.    These 


substances  are  called  reagents,  which  see 
under  O&Es  (Analysis  of),  and  Waters 
(Minebal). 
All  metals,  which  ought  to  be  very  pure. 
A  person  provided  with  such  instruments 
and  substances  may  at  once  perform  many 
chemical  experiments. 

The  genoal  observations  of  Macquer  upon 
the  conducting  of  chemical  processes  are  truly 
valuable  and  judicious.  Method,  order,  and 
cleanliness,  are  essentially  necessary  in  a  che- 
mical laboratory.  Every  vessel  and  utensil 
ought  to  be  well  cleansed  as  often  as  it  is  used, 
and  put  again  into  its  place ;  labels  ought  to 
be  put  upon  all  the  substances.  These  cares, 
which  seem  to  be  trifling,  are  however  very 
fotiguing  and  tedious ;  but  they  are  also  very 
important,  though  frequently  Httle  observed. 
When  a  person  is  keenly  engaged,  experiments 
succeed  each  other  quiddy ;  some  seem  nearly 
to  decide  the  matter,  and  others  suggest  new 
ideas ;  he  cannot  but  proceed  to  them  imme- 
diately, and  he  is  led  from  one  to  another : 
he  thinks  he  shall  easily  know  again  the  pro- 
ducts of  the  first  experiments,  and  therefore  he 
does  not  take  time  to  put  them  in  order ;  he 
prosecutes  with  eagerness  the  experiments 
which  he  has  last  thought  of;  and  in  the  mean 
time,  the  vessels  employed,  the  glasses  and 
bottles  filled,  so  accumulate,  that  he  cannot 
any  longer  distinguish  them ;  or,  at  least,  he 
is  uncertain  concerning  many  of  his  former 
products.  This  evil  is  increased,  if  a  new 
series  of  operations  succeed,  and  occupy  oil 
the  laboratory ;  or,  if  he  be  obliged  to  quit  it 
for  some  time,  every  thing  then  goes  into  con- 
fusion. Thence  it  firequently  happens,  that 
he  loses  the  fruits  of  much  labour,  and  that 
he  must  throw  away  almost  all  the  products  of 
his  experiments. 

When  new  researches  and  inquiries  are 
made,  the  mixtures,  results,  and  products  of 
all  the  operations  ought  to  be  kept  a  long  time, 
distinctly  labelled  and  register^ ;  for  these 
things,  when  kept  some  time,  freaueiitly  pre 
sent  phenomena  that  were  not  at  all  suHpectcd. 
Many  fine  discoveries  in  chemistry  have  been 
made  in  this  manner ;  and  many  have  certain- 
ly been  lost  by  throwing  away  too  hastily,  or 
neglecting  the  products. 

Since  chemistry  oflbrs  many  views  for  the 
improvement  of  many  important  arts;  as  it 
presents  prospects  of  many  useful  and  profit, 
able  discoveries ;  those  who  apply  their  labours 
in  this  way  ought  to  be  exceedingly  circum- 
spect, not  to  fte  led  into  an  useless  expense  of 
money  and  time.  In  a  certain  set  of  experi- 
ments, some  one  is  generally  of  an  imposing 
appearance,  although  in  reality  it  is  nothing 
more.  Chemistry  is  fuU  of  these  half  suc- 
pesses,  which  serve  only  to  deceive  the  unwary, 
to  multiply  the  number  of  trials,  and  to  lead 
to  great  expense  before  the  iruitlessncss  of  the 
search  is  discovered.  By  these  reflections  we  do 
not  intend  to  divert  ftom'  all  suc|i  researches, 
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seems  to  be  All  advantageto  contnct  the  dia- 
meter  of  a  chimney,  bo  as  to  make  it  smaller 
than  that  of  the  iure-place,  when  no  other  air 
is  to  go  up  the  chimney  than  what  has  passed 
through  Uie  fire ;  and  there  is  no  prospect  of 
advantage  to  be  derited  from  widening  it. 

Plate  IV.  fig.  3.  exhibits  the  wind  or  air 
furnace  for  melting,  a  is  the  ash-hde,/  an 
opening  for  the  air.  c  is  the  fire-place,  con- 
taining a  covered  crucible,  standing  on  a  sup- 
port  of  baked  earth,  which  rests  on  the  grate; 
d  is  the  passage  into  «,  the  chimney.  At  A 
a  shallow  cmcibie  or  cupel  may  be  placed  in 
the  cunrent  of  the  9aaa»^  and  at  2  is  an 
earthen  or  stone  cover,  to  be  occasionally 
taken  off  for  the  puipose  of  supplying  the  fi» 
withfucL 

Fig.  2.  is  a  reverberatory  furnace,  s  a,  the 
ash-pit  and  fire-place,  i  6,  body  of  the  fur- 
nscc.  e  c,  dome,  or  reverberating  roof  of  the 
foxnsee.  d  J,  chimney.  «e,  door  of  the  ash- 
pit. //,  door  of  the  fire-plaoe.  g  g^  handles 
of  the  body.  A,  aperture  to  admit  the  head  of 
the  retort.  I  i,  handles  of  the  dome.  Ar,  re. 
cciver.  I  2,  stand  of  the  receiver,  m  m,  retort, 
represented  in  the  body  by  dotted  lines. 

Another  reverberatory  furnace,  a  little  dif- 
fering Sn  figure,  may  be  seen  in  Plate  I.  fig. 
3.  s. 

M.  Chenevix  has  constructed  a  wind  fur- 
nace, wfaidi  is  in  some  respects  to  be  preferred 
to  the  usual  form.    The  sides,  instead  of  being 
perpendicular,  are  inverted,  so  that  the  hollow 
space    is  pyramidicaL     At  the  bottom    the 
opening  is  13  indies  square,  and  at  the  top 
but  eight.     The  perpendicular  height  is  I7 
inches.     This  form  appears  to  unite  the  fol- 
lowing advantages: — 1st,  A  great  surface  is 
exposed  to  the  air,   which,  having  an  easy 
eDtrance,  rushes  through  the  Aiel  with  great 
rapidity ;  2d,  Hie  inclmed  sides  act  in  some 
measure  as  reverberating  sur&ces;  and  3d, 
The  fuel  falls  of  itself,  and  is  always  in  close 
contact  with  the  crucible  placed  near  the  grate. 
The  late  Dr.  Kennedy  of  Edinburgh,  whose 
opinion  on  this  subject  claims  the  greatest 
weight,  found  thst  the  strongest  heat  in  our 
common  wisd  ftimaces  was  within  twoor  three 
indies  of  die  grate.    This,  dierefore,  is  the 
most  sdvantsgeous  podtion  for  the  crucible, 
■nd  still  more  so  when  we  can  keep  it  sur- 
rounded with  fiiel.     It  is  inconvenient  and 
daBgevons  for  die  cnidble,  to  stir  the  fire  often 
to  make  theftiel  fall,  and  the  pyramidical  form 
lendcit  this  unnecessary.    It  is  also  mcie  easy 
to  avoid  a  sudden  bend  in  the  chinmey,  l^ 
die  upper  part  of  the  furnace  advandng  as  in 
diis  coostrucdoD.    In  Plate  IV.  fig.  1^  a  is  a 
grate ;  c  and  c  are  two  bricks,  which  can  be 
let  in  at  pleasure  to  diminish  the  capadty  ;  6 
i*  another  giate,  which  can  be  placed  upon  the 
bricks  e  ana  c  for  smaUer  purposes ;  d  and  i 
ue  bricks  which  can  be  placed  upon  the  grate 
&  to  dimiQiah  the  upper  capacity,  so  that,  in 
^  there  are  four  oSsent  dses  in  the 


fomace.  The  bricks  should  all  be  ground 
down  to  the  slope  of  the  furnace,  and  fit  in  with 
tolerable  accuracy.  They  are  totally  inde- 
pendent of  the  pyramidical  form  of  the  {iir. 
nace. 

Mr.  Aikln's  portable  blast  furnace  is  com« 
posed  of  three  parts,  all  made  out  of  the  com- 
mon thin  black  lead  melting-pots,  sold  in 
London  for  the  use  of  the  goldsmith.  The 
lower  piece  c,  fig.  6.  is  the  bottom  of  one  of 
these  pots,  cut  off  so  low  as  only  to  leave  a 
cavity  of  about  an  inch  deep,  and  ground 
smooth  above  and  below.  The  outside  dia- 
meter, over  the  top,  is  five  inches  and  a  half. 
The  middle  piece  or  fire-place  a,  is  a  larger 
portion  of  a  similar  pot,  with  a  carity  about 
six  inches  deep,  and  measuring  seven  inches 
and  a  half  over  the  top,  outside  diameter,  and 
perforated  with  six  blast  holes  at  the  bottom. 
These  two  pots  are  all  that  are  essentially  neces- 
sary to  the  furnace  for  most  operations ;  but 
when  it  is  wished  to  heap  up  fud  above  the 
top  of  a  crucible  contained,  and  espedally  to 
protect  the  eyes  from  the  intolerable  glare  of 
the  fire  when  in  full  height,  an  upper  pot  &  is 
added,  of  the  same  dimensions  as  the  middle 
one,  and  with  a  large  opening  in  the  side,  cut 
to  aillow  the  exit  of  the  smoke  and  flame.  It 
has  also  an  iron  stem,  with  a  wooden  handle 
^aii  old  chisd  answers  the  purpose  very  wdl) 
tor  removing  it  occasionally.  The  bellows, 
which  are  double  {d\  are  firmly  fixed,  by  a 
little  contrivance  wldch  will  take  off  and  on, 
to  a  heavy  stool,  as  represented  in  the  plate ; 
and  their  handle  should  be  lengthened  so  as  to 
make  them  work  easier  to  the  hand.  To  in- 
crease  their  force,  on  particular  occasions,  a 
plate  of  lead  may  be  firmly  tied  on  the  wood 
of  the  upper  flap.  The  nozzle  is  received  into 
a  hole  in  the  pot  r,  which  conducts  the  blast 
into  its  cavity.  Hence  the  air  passes  into  the 
fire-place  a,  through  six  holts  of  the  size  of 
a  large  gimlet,  drilled  at  equal  distances  through 
the  bottom  of  the  pot,  and  all  converging  in 
an  inward  direcdon,  so  that  if  prolonged,  they 
would  meet  about  the  centre  of  the  upper 
part  of  the  fire.  No  luting  fs  necessary  in 
using  this  furnace,  so  that  it  may  be  set  up 
and  taken  down  inunediatdy.  Coak,  or  com- 
mon cinders,  taken  from  the  fire  when  the  coal 
ceases  to  blaze,  sifled  from  the  dust,  and 
broken  into  very  smallpieces,  forms  the  best 
Aid  for  higher  heats.  Ine  fire  may  be  kindled 
at  first  by  a  few  lighted  cinders,  and  a  small 
quandty  of  wood  diarcoal.  The  heat  which 
diis  litde  furnace  will  afiford  is  so  intense, 
that  its  power  was  at  first  discovered  acd- 
dentally  by  the  fusion  of  a  thick  piece  of  cast 
iron.  The  utmost  heat  procured  by  it  was 
167^  of  Wcdgewood's  pyrometer,  when  a  Hes- 
sian crudble  was  actually  sinking  down  in  a 
state  of  porcelaneous  fuaon.  A  steady  heat 
of  l5do  or  100«  may  be  depended  on,  if  the 
fire  be  properly  managed,  and  the  bellows 
worked  widi  vigour. 
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The  process  of  cupellatioD  may  be  exhibited 
in  a  lecture,  or  performed  at  other  times,  by 
means  of  this  furnace.  The  method  consists 
in  causing  a  portion  of  the  blast  to  be  diverted 
from  the  fuel,  and  to  pass  through  a  crucible 
in  which  the  cupel  is  placed.  This  arrange- 
ment supplies  air ;  and  the  whole  may  be  seen 
by  a  sloping  tube  run  through  the  cover  of 
the  crucible. 

Charcoal  is  the  material  most  commonly 
used  in  furnaces.  It  produces  an  intense  heat 
without  smoke,  but  it  is  consumed  very  fast. 
Coak  or  charred  pit-coal  produces  a  very  strong 
and  lasting  heat  Neither  of  these  produces 
a  strong  heat  at  a  distance  from  the  fire.  M'here 
the  action  of  flame  is  required,  wood  or  coal  must 
be  burned.  Several  inconveniencies  attend  the 
use  of  coal,  as  its  fuliginous  fiimes,  and  its 
aptitude  to  stop  the  passage  of  air  by  becoming 
fused.  It  is  used,  howevtr,  in  the  reverbera- 
tory  furnaces  of  glass-houses,  and  is  the  best 
material  where  vessels  are  to  be  supplied  with 
a  great  quantity  of  heat  at  no  great  intensity, 
such  as  in  distilleries,  &c. 

Frequently,  however,  the  flame  of  an  Ar- 
gand  lamp  mayj)e  employed  very  conveniently 
for  chemical  purposes.  PI.  III.  fig.  2.  is  a 
representation  of  a  lamp  furnace,  as  it  is  per. 
haps  not  very  properly  called,  as  improvea  by 
Mr.  A  ccum.  1 1  consists  of  a  brass  rod  screwed 
to  a  foot  of  the  same  metal,  loaded  with  lead. 
On  this  rod,  which  may  be  unscrewed  in  the 
middle  for  rendering  it  more  portable,  slide 
three  brass  sockets  with  straight  arms,  termi- 
nating in  brass  rings  of  diflerent  diameters. 
The  largest  mcasurt'S  four  inches  and  a  half. 
These  rings  serve  for  supporting  glass  alembics, 
retorts,  Florence  flasks,  evaporating  basins,  gas 
bottles,  &c. ;  for  performing  distillations,  di- 
gestions, solutions,  evaporations,  saline  funions, 
concentrations,  analyses  with  tlie  pneumatic 
apparatus,  &c  If  the  vessels  require  not  to  be 
exposed  to  the  naked  fire,  a  copper  sand  bath 
may  be  interpased,  which  is  to  be  previouHly 
placed  in  the  ring.  By  means  of  a  thumb- 
screw acting  on  tlie  rod  of  the  lamp,  each  of 
the  brass  rings  may  be  set  at  different  heights, 
or  turned  aside,  according  to  the  pleasure  of 
the  operator.  Below  these  rings  is  a  fountain- 
lamp  on  Argand's  plan,  having  a  metallic 
valve  within,  to  prevent  the  oil  from  running 
out  while  the  reservoir  is  put  into  its  place. 
This  lamp  also  slides  on  the  main  brass  rod 
by  means  of  a  socket  and  thumb-screw.  It  is 
therefore  easy  to  bring  it  nearer,  or  to  move  it 
further,  at  pleasure,  from  the  vessel,  which 
may  remain  fixed ;  a  circumstance  which,  inde- 
pendent of  the  elevation  and  depression  of  the 
wicks  of  the  lamp,  affords  the  advantage  of 
heating  the  vessels  by  degrees  after  they  are 
duly  placed,  as  well  as  of  augmenting  or  di- 
minishing the  heat  instantly ;  or  for  maintain- 
ing it  for  several  hours  at  a  certain  degree, 
without  in  the  least  disturbing  the  apparatus 
suspended  over  it.     It  may  therefore  be  used 


for  producing  the  very  gentk  htemt  ] 
for  the  rectificatioB  of  ethers,  or  the 
heat  requisite  for  distilling  mercury.  Xhe 
chief  improvement  of  thia  lamp  ooosiats  in  its 
power  of  affording  an  intense  heat  by  the  ad- 
dition  of  a  second  cylinder,  added  to  that  ai 
the  common  lamp  of  Argand.  This  additaosai 
cylinder  encloses  a  wick  of  one  inch  and  a  half 
io  diameter,  and  it  is  by  this  ingenious  cob- 
trivance,  which  was  first  auggeated  by  Mr. 
Webster,  that  a  double  flame  is  cansed,  aad 
more  than  three  times  the  beat  of  ao  Argud's 
lamp  of  the  largest  size  is  produced. 

Every  efiect  of  the  most  violent  heat  oi  fm^ 
naces  may  be  produced  by  the  flame  of  a 
candle  or  lamp,  urged  upon  a  small  partide 
of  any  substance,  by  the  blowpipe.  This  in- 
strument is  sold  by  the  ironmongers,  and  con- 
sists merely  of  a  brass  pipe  about  one  eigbtk 
of  an  inch  diameter  at  one  end,  and  the  ocho' 
tapering  to  a  much  less  size,  witha  Teryaniall 
perforation  for  the  wind  to  escape.  The 
smaller  end  is  bent  on  one  side.  For  philoso- 
phical or  other  nice  purposes  the  blowpipe  is 
provided  with  a  bowl  or  enlargement,  a  (PL 
IV.  fig.  5.),  in  which  the  vapours  of  the  breath 
are  condensed  and  detained,  and  also  with  three 
or  four  small  nozzles,  6,  with  diflTetent  aper- 
tures,  to  be  slipped  on  the  smaller  extrenitty. 
These  are  of  use  when  larger  or  snoallcrflames 
are  to  be  occasionally  used,  because  a  larger 
flame  requires  a  large  aperture,  in  order  that 
the  air  may  effectuaUy  urge  it  upon  the  matter 
under  examination. 

There  is  an  artifice  in  the  blowing  through 
this  pipe,  which  is  noore  difficult  to  describe 
than  to  acquire.      The  efiect  intended  to  be 
produced  is  a  continual  stream  of  air  for  many 
minutes,  if  necessary,  without  ceasing.     This 
is  done  by  applying  the  tongue  to  the  roof  of 
the  mouth,  so  as  to  interrupt  the  conununica- 
tion  between  the  mouth    and  the  passage  of 
the  nostrils ;  by  which  means  the  operator  is 
at  liberty  to  brea^e  through  the  noatrila,  at 
the  same  time  that  by  the  muscles  of  the  lips 
he  forces  a  continual  stream  of  air  from  the 
anterior  part  of  the  mouth  through  the  blow- 
pipe.    W^hen  the  mouth  begins  to  be  empty, 
it  is  replenished  by  the  lungs  in  an  instant, 
while  the  tongue  is  withdrawn  from  the  roof  of 
the  mouth,  and  replaced  again  in  the  same 
manner  as  in  pronouncing  the  monosyllable 
tut.    In  this  way  the  stream  may  be  oootiDued 
for  a  long  time  without  any  fatigue,  if  the 
flame  be  not  urged  too  impetuously,  and  efen 
in  this  case  no  other  fatigue  is  felt  than  that  of 
Uie  muscles  of  the  lips. 

A  wax  candle,  o{  a  moderate  size,  bot 
thicker  wick  than  they  are  usually  madewith, 
is  the  most  convenient  for  occasional  experi- 
ments ;  but  a  tallow  candle  will  do  very  well. 
The  candle  should  be  snuffed  rather  short,  and 
the  wick  turned  on  one  side  toward  the  object, 
so  that  a  part  of  it  should  lie  horiaontally. 
The  stream  of  air  must  be  blown  along  this 
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E  honmitill  put,  as  nmt  as  may  be  witboat 
striking  the  wide.  If  the  flame  be  ragged  and 
inegular,  it  is  a  proof  that  the  hole  is  not 
round  and  smooth ;  and  if  the  flame  have  a 
cavitv  through  it,  the  aperture  of  the  pipe  is 
too  large.  When  the  hole  is  of  a  proper 
figure,  and  duly  proportioned,  the  flame  con- 
sists of  a  neat  luminous  blue  cone,  surrounded 
by  another  flame  of  a  more  faint  and  indistinct 
appearance.  The  strongest  heat  is  at  the 
point  of  the  inner  flame. 

The  body  intended  to  be  acted  on  by  the 
blowpipe^  ou^t  not  to  exceed  the  size  of  a 
peppercorn.  It  may  be  laid  upon  a  piece  of 
dose-grained,  well-buined  charcoal ;  unless  it 
be  of  such  a  nature  as  to  sink  into  thepores  of 
this  sul)8tanoe,  or  to  have  its  propertKs  affected 
by  its  inflammable  quality.  Such  bodies  may 
be  placed  in  a  small  spoon  made  of  pure  gold, 
or  silver,  or  platina. 

Many  advantages  may  be  derived  from  the 
use  of  this  simple  and  valuable  instrument. 
Its  smallness,  which  renders  it  suitable  to  the 
poclcet,  is  no  inconsiderable  recommendation; 
The  most  expensive  materials,  and  the  mi- 
nutest spedmens  of  bodies,  may  be  used  in 
these  experiments;  and  the  whole  process, 
instead  of  being  carried  on  in  an  opaque  vessel, 
is  under  the  eye  of  the  observer  from  beginning 
to  end.  It  is  true  that  very  little  can  be  de- 
termined in  this  way  concerning  the  quantities 
of  product ;  but,  in  most  cases,  a  knowledge 
of  the  contems  of  any  substance  is  a  great 
acquisition,  which  is  thus  obtained  in  a  very 
short  time,  and  will,  at  all  events,  serve  to 
show  the  best  and  least  expensive  way  of  con- 
ducting processes  with  the  same  matters  in  the 
larger  way. 

The  blowpipe  has  deservedly  of  late  years 
been  considered  as  an  essential  instrument  in 
a  chemical  laboratory ;  and  several  attempts 
have  been  made  to  facilitate  its  use  by  the 
addition  of  bellows,  or  some  other  equivalent 
instruments.  These  are  doubtless  very  con- 
venient, though  they  render  it  less  portable 
formineralogical  researches.  It  will  not,  here, 
be  necessary  to  enter  into  any  description  of 
a  pair  of  double  bellows  flxed  under  a  table, 
and  communicating  with  a  blowpipe  which 
passes  through  the  table.  Smaller  bdlows,  of 
a  portable  size  for  the  pocket,  have  been  made 
for  the  same  purpose.  The  ingenious  chemist 
will  find  no  great  difficulty  in  adapting  a  blad- 
der  to  the  blowpipe,  whidi,  under  the  pressure 
of  a  board,  may  produce  a  constant  stream  of 
air,  and  may  be  replenished,  as  it  becomes 
empty,  by  blowing  into  it  with  beUows,  or 
the  mouth,  atano£er  aperture  furnished  with 
a  valve  opening  inwards. 

The  diief  advantage  these  contrivances  have 
over  the  oonomon  blowpipe  is,  that  they  may 
be  filled  with  oxygen  gas,  which  increases  the 
activity  of  combustion  to  an  astonishing  de- 
gree.   The  vapour  from  alcohol  has  likewise 


been  employed,  and  an  ingenious  ccmtrivanee 
for  this  purpose  by  Mr.  Hooke  is  repre- 
sented, PL  IV.  fig.  4.  a  is  a  hollow  sphere  for 
containing  alcohol,  resting  upon  a  shoulder  in 
the  ring  o.  If  the  bottom  be  made  fiat  instead 
of  spherical,  the  action  of  the  flame  wiU  thqp 
be  greater.  Ms  a  beut  tube  with  a  jet  at  the 
end,  to  convey  the  alcohol  in  the  state  <^ 
vapour  into  the  flame  at  q ;  this  tube  is  con- 
tinued in  the  inside  up  to  c,  which  admits  of  a 
being  filled  nearly,  without  any  alcohol  run- 
ning over,  i  is  a  safety  valve,  the  pressure  of 
which  is  determined  at  pleasure,  by  screwing 
higher  or  lower  on  the  pillar  e  the  two  milled 
nuts /and  g^  carrying  tne  steel  arm  A,  which 
rests  on  the  valve,  t  is  an  opening  for  patting 
in  the  alcohol,  k  is  the  lamp,  which  adjusts 
to  different  distances  from  <i,  by  sliding  up  or 
down  the  two  nillars  U.  The  distance  of  the 
flame  q  from  tne  jet  is  regulated  by  the  pipe 
which  holds  the  wick  being  a  little  removed 
from  the  centre  of  the  brass  piece  m,  and  of 
course  revolvmg  in  a  cirde.  n  the  mahogany 
stand. 

For  the  various  habitudes  of  bodies  when 
examined  by  the  blowpipe,  see  Blowpipe. 

Little  need  b|  said  concerning  the  manner 
of  making  experiments  with  fluid  bodies  in 
the  common  temperature  of  the  atmosphere. 
Basins,  cups,  phials,  matrasses,  and  other 
similar  vessels,  form  the  whole  apparatus 
required  for  the  purpose  of  containing  the 
matters  intended  to  be  put  together  ;  and  no 
other  precaution  or  instruction  is  required, 
than  to  use  a  vessel  of  such  materials  as  shall 
not  be  corroded  or  acted  upon  by  its  contents, 
and  of  sttflident  capadty  to  admit  of  any  sud- 
den expansion  or  frotliing  of  the  fluid,  if 
expected.  This  vessel  must  be  placed  in  a 
current  of  air,  if  noxious  fumes  arise,  in  order 
that  these  may  be  blown  from  the  operator. 

The  method  of  making  experiments  with 
permanently  elastic  fluids,  or  gases,  though 
simple,  is  not  so  obvious.  We  uve  immersed 
in  an  atmosphere  not  greatly  difieiing  in  den. 
sity  from  these  fluids,  which  for  thu  reason 
are  not  sufficiently  ponderous  to  be  detained  in 
open  vessels  by  their  weight.  Their  remark- 
able levity,  however,  afiibrds  a  method  of  con- 
fining them  by  means  of  other  denser  fluids. 
Dr.  Priestley,  whose  labours  so  far  exceeded 
those  of  his  predecessors  and  contemporaries^ 
both  in  extent  and  importance,  tliat  he  may 
with  justice  be  styled  the  father  of  this  im- 
portant branch  of  natural  philosophy,  used  the 
following  apparatus. 

PL  III.  fig.  I.  a  represents  a  wooden  ves- 
sel or  tub;  A:/: A:,  is  a  shelf  fixed  in  the  tub. 
'H'ben  this  apparatus  is  used,  the  tub  is  to  be 
filled  with  water  to  such  a  hdght,  as  to  rise 
about  one  inch  above  the  upper  sur&ce  of  the 
shelf.  5,  g,  /,  are  glass  jars  inverted  with 
their  mouths  downwiurd,  which  rest  upon  the 
sbdf.  If  these,  or  any  other  vessels,  open  only 
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iBfcrted  after  i&tj  wn  fiDod,  ihey  wffl  remain 
lull,  DotwithBtBo&iK  tbcir  being  nued  out  of 
tbe  vaftSf  provioca  thdr  moanis  be  kept  nn- 
mened;  form  duicaae  the  water  is  lusiatncd 
bytbe  pieaBDieof  the  atmeapbere,ui  the  same 
naoDcr  as  the  mereuiy  in  the  barometer.  It 
iMaj,  witfaoot  difficulty,  be  imagined^  that  if 
cooomon  air,  or  any  other  &«&  iwcmMing 
aommon  air  in  lightness  and  ebstidtj,  be  sa£ 
ftted  to  enter  these  vessels,  it  wiU  rise  to  die 
•pper  part,  and  the  suftoe  of  the  water  will 
aabaade.  If  a  bottle,  a  cap,  or  any  otfwr 
TCSsd,  in  that  state  wfairti  is  nsually  called 
co^,  thongh  leaDy  full  of  air,  be  plonged 
into  the  wator  with  its  month  downwakb, 
aeaice  any  water  will  enter,  because  its  en* 
trance  is  opposed  by  die  dastidty  of  tlie  in* 
dnded  air;  bat  if  the  vessel  be  tamed  np,  it 
imaaediatelT  tills,  and  the  air  liRS  in  one  or 
more  babbies  to  the  suifoo&  Suppose  this 
operstioa  to  be  pqforined  ander  one  of  tlie 
jars  which  an  filled  with  water,  the  air  will 
ascend  ss  before;  but  instead  of  escaping,  it 
win  be  detained  in  die  upper  part  of  the  jar. 
In  this  manner,  diccetore,  we  see,  that  air 
may  be  emptied  out  of  one  vessel  into  another 
Vy  an  inverted  pouxing,  in  wliich  the  air  is 
msde  to  sscend  ftom  &e  lower  vessel  i  to  dw 
npper  g^  in  which  tlie  cxperimentB  are  per. 
ibmied,  b^  the  actioii  of  die  weigfaUer  fluid, 
ezacdy  sunilar  to  the  common  pouring  of 
denser  fluids  detained  in  the  bottoms  of  open 
vessds,  by  the  simple  action  of  gravity.  When 
the  receivmg  vessel  has  a  nanow  neck,  the  air 
may  be  poured  tlurough  a  glacB  funnel  A. 

t  (Ibid.)  is  a  glass  body  or  botde,  dwbot* 
tom  «»f  whidi  is  Mown  venr  thin,  that  it  may 
support  the  heat  of  a  candle  suddenly  applied, 
without  cracking.  In  its  neck  is  fittea,  by 
grinding,  a  tube  ^  curved  ncady  in  the  form 
of  die  letters.  This  kind  of  vessel  is  very 
useful  in  various  diemical  opersttons,  tat 
wiiich  it  will  be  convenient  to  have  than  of 
several  sizes.  In  the  figure,  the  body  e  is 
represented  as  containing  a  fluid,  in  the  act 
of  combining  with  a  subttsnoe  that  gives  oat 
air,  which  passes  through  the  tube  into  the 
jar  &,  under  the  mourn  of  whidi  the  odier 
extremity  of  the  tube  is  placed.  At «  is  a 
imall  retort  of  ^bus  or  earthen  ware,  the 
neck  of  which  bong  plunged  in  the  water, 
beneath  the  jar  f,  is  supposed  to  emit  the 
dasdc  fluid,  extricated  mm  die  contents  of 
the  retort,  which  is  received  in  the  jar. 

When  any  thing,  ss  a  gallipot,  is  to  be 
supported  at  a  consideralde  height  within  a 
jar,  it  is  convenient  to  have  such  wire-stands 
as  are  represented  fig.  3.  These  answer  beU 
ttt  than  any  odier,  because  they  take  up  but 
little  room,  and  are  easily  bent  to  any  figoie 
or  height. 

In  order  to  expd  air  fWm  solid  substsnces 
by  mesBis  of  jiest,   a  guo-banel,  whh  the 


toach^hole  snowed  up  and  rivtetflKd^  nsny  be 
ved  instead  of  an  iron  retorL  The^  aatbjea 
may  be  placed  in  the  chamber  of  the  barrei, 
and  the  rest  of  the  bore  may  be  filled  writhdiy 
asnd,  that  lias  been  well  burned,  to  expd 
whatever  air  it  miriit  have  contained.  The 
stem  of  a  tobacco-pipe,  or  a  small  glass  tube, 
being  hited  in  tlie  orifice  of  the  barrel,  ^ 
other  extremity  must  be  put  into  the  fixe,  that 
die  heat  may  expel  the  air  from  iis  ooaiteDi& 
This  air  will  of  course  paas  tfaroagh  the  tobs. 
snd  may  be  received  under  an  inverted  vcswl, 
in  die  usual  manner. 

But  the  most  aocuiwte  method  of  iMOtuiing 
air  from  several  substanoei,  by  meams  of  facst, 
ia  to  pat  dwn,  if  they  will  bear  it,  into  phisb 
tuU  a  quicksilver,  with  die  BMMitha  mverted 
in  the  same,  and  dien  throw  the  focus  of  s 
burning  lens  or  mirror  upon  them.  For  dn 
purpose,  their  bottoms  should  be  ZDond  and 
vov  thin,  that  they  nny  not  be  linbie  to  fir 
with  the  sudden  application  of  beat.  Tl^ 
body  r,  PL  III.  fig.  1.  answers  tins  porpoR 
very  wdl. 

Many  kinds  of  air  combine  with  water, 
and  therefore  require  to  be  iroaied  in  m 
apparstus  in  which  qujcksilver  la  made  usecf. 
This  fluid  being  vei^  ponderous  and  of  eon- 
siderable  price,  it  is  an  object  of  oonveniencf., 
as  wen  as  economy,  diat  the  trough  and  vends 
dboukl  be  smaller  dum  when  water  is  used. 
SeePLVV.fig.l.// 

When  trisl  is  to  be  made  of  any  kind  of 
air,  whether  it  be  fit  for  maintaining  oom- 
bttsden,  the  air  may  be  put  into  along  natmv 
fdass  vessel,  the  mouth  of  whidi,  being  eare> 
mUy  covered,  may  be  turned  upward.  A  bit 
of  wax  candle  being  then  fiwteoed  to  the  end 
of  a  wire,  whidi  is  bent  so  that  the  flame  of 
the  csndk  may  be  uppemost,  is  to  be  let 
down  into  the  vessel,  which  must  be  kept 
covered  till  die  instant  of  phuging  the  lighted 
candle  into  die  air. 

Where  the  diange  of  dimenaonB,  which 
follows  from  the  mixture  of  seven!  lands  of 
air,  IS  to  be  ascertained,  a  gnduated  narrow 
cylindrical  vend  may  be  imide  use  o&  The 
gtadadons  may  be  made  by  pooring  in  suc- 
cessive equd  measures  of  water  into  this  vessd, 
snd  marking  its  surface  at  eadi  addition.  The 
measure  may  be  aftsrwatd  used  §ai  thedif- 
fttent  kinds  of  sir,  and  the  change  of  dhnen- 
snns  win  be  shown  by  the  rise  or  fall  of  the 
mercury  or  water  in  the  graduated  vessd.  Hie 
purity  of  common  air  Mng  detetminataie  by 
the  diminudon  produced  bf  die  addiiian  of 
nitric  oxide  gas,  these  tubes  have  been  called 
eudiometer  tubes. 

Some  subetancn,  more  especially  powders, 
cannot  convenieody  be  put  into  a  phial,  or 
passed  through  a  fluid.  When  air  is  to  be 
extricated  fttnn,  w  added  to  these,  then  is  no 
better  method,  than  to  place  them  On  a  stand 
under  die  recdver  of  the  aar^vnp,  and  ex- 
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haiut  the  odnuiKm  air,  instead  of  exduding 
it  by  water  or  mdcury.  This  fffocetB  le- 
quues  a  good  air-pump,  and  careful  manage- 
meat,  ^otherwise  the  oommon  air  will  not  be 
well  eKdaded. 

It  is  frequently  an  interesting  object,  to 


terbilb  are  imtimo  the  lower  vessel;  thetnkUUe 
tessd  is  nlled  with  pure  Water,  and  put  into 
its  place;  and  the  upper  vessel  is  stopped, 
and  liltewise  put  in  its  place.  The  consequence 
is,  that  the  carbonic  add  gas,  passing  through 
tire  valve  at  A,  ascends  into  the  upper  part  of 


pass  the  electric  spark  through  different  kinds    the  ttiiddle  vessel,  6,  where,  by  its  elastidty, 
of  air,  either  alone  or  mixni  together.     In    it  reacts  on  the  Water,  and  forces  part  up  t»e 


thia  case  a  metallic  wire  may  l)e  fastened  in 
the  upper  end  of  a  tube,  and  the  Sparks  or 
shock  may  be  passed  through  this  wire  to  the 
mercuiy  or  water  used  to  confine  the  air.     If 
there  be  reason  to  apprehend,  that  an  expansion 
in  die  air  may  remove  the  mefCury  or  Watar 
beyond  tlK  striking  distance,  another  wire  may 
be  thrust  up  to  recdve  the  elcctridty ;  or  two 
wires  may  be  cemented  into  opposite  holes  in 
the    sides  of  an  hermetically  sealed   tube. 
Holes  may  be  made  in  glass,  for  this  and 
other  diemical  uses,  by  a  drill  of  copper  or 
s^  iron,  with  emery  and  water ;  and  ivhere 
this  instrument  is  wanting,  a  smsJl  round  file 
with  water  will  cut  a  notch  in  small  vessels, 
audi  as  glials  or  tubea,  though  with  some 
danger  of  breaking  them.     In  some  dectrical 
experiments  of  ihe  kind  here  mentioned,  there 
is  reason  to  expect  a  falladous  result  from  the 
wires  being  burned  by  the  explosion  or  spark. 
For  this  reason^  the  dectridty  may  be  made 
to  pass  tlnrough  the  legs  of  a  syphon,  contain- 
ing tlie  air  wUch  is  under  eonddetation  hi  the 
upper  part  of  its  curvature.  One  of  the  vessela^ 
in  which  the  legs  of  the  syphon  rest,  mast 
therefore  be  insu&ted ;  and  if  any  wateiy  fluid 
be  used  to  confine  the  air,  it  is  generaUy  sup- 
posed that  too  combustion  takes  place. 

It  is  somedmcs  desirable  to  Impregnate 
w*ter  for  medicinal  pui))Oses  with  some  gas, 
as  the  carbonic  add,  and  (or  this  the  appa- 
mtus  of  Dr.  Nooth  is  very  efifsctual  and  con- 
venient. It  consists  of  three  glass  vessels, 
PL  ill*  fig.  4.  The  lowtr  vessel  c  contains 
the  effervescent  materials;  it  has  a  small  ori- 
fice at  d,  stopped  with  A  ground  stopper,  at 


tube  into  the  vessel  a ;  part  of  tne  common 
air,  in  this  last,  being  compressed,  and  tlie 
rest  escaping  by  Ae  stopper,  which  is  made 
o(  a  Conical  figure,  that  it  may  be  easily  raised. 
As  more  carbonic  acid  is  extricated,  more 
Water  rises,  till  at  length  the  water  in  the 
middle  vessel  faUs  below  the  lower  orifice  iSf 
the  tube.  The  gas  then  passes  through  the 
tube  into  the  upper  Vessd,  and  expds  more 
of  the  conunon  air  by  raising  the  stopper.  In 
this  situation  the  water  in  both  vessels  being 
in  contact  with  a  body  of  carbonic  add  gas, 
it  becomes  strtnigly  impregnated  with  this  gas, 
after  a  certabi  time.  This  efllect  may  be 
hastened  by  taking  off  the  middle  and  upper 
vessels  tc^rether,  and  agitating  them. 

The  vdve  is  the  nwst  def^ve  part  of  this 
apparatus;  for  the  capillary  tube  does  not 
admit  the  air  through,  unless  there  is  a  con- 
siderable qfibntity  condensed  in  the  loWer 
vessel ;  and  the  condensation  has  in  some  in- 
stances burst  the  vessd. 

Modem  discoveries  respecting  bodies  in 
the  acMform  state  have  produced  several  ca- 
pital improvements  in  me  vessels  used  for 
distilladon.  It  was  common  with  the  earliest 
diemisfes,  to  make  a  small  hole  In  the  upper 
part  of  their  retorts,  that  the  elastic  vapours 
might  escape,  which  would  otherwise  have 
bunt  the  vessels.  By  this  means  they  lost 
a  very  conddexable  part  of  thehr  products. 
Sometimes,  too,  it  is  rrauisite  to  obtain  sepa- 
ratdy  the  condensable  Iniid  that  comes  over, 
and  die  gases  that  are,  atad  are  not  soluble  in 
water.  For  tins  purpose  a  series  of  recdvers, 
more  or  less  in  number  as  the  case  may  re- 


whidi  an  additiotial  supply  <^  dther  Add,  or    quire,  is  generally  employed,  as  in  Pi.  V  V 


water,  or  cfaalk,  may  be  ocCasionaUy  introt. 
duced.  The  middle  vessd  h  is  open,  both 
above  and  below.  Its  infi^or  neck  is  fitted, 
by  grinding,  into  the  neck  A  of  the  lower 
vessd.  In  the  former  b  a  glass  valve,  formed 
by  two  pieces  of  tube,  and  a  plano-convex 
lois,  wldch  is  moveable,  between  them,  as  re- 
preseMed  in  Bg.  5.  This  valve  opens  upwards, 
and  suifers  the  air  to  pass ;  but  the  water 
ooDBOt  return  through  the  tubes,  pardy  be- 
cnise  the  or^ce  Is  capillary,  and  partly  be- 
CMise  the  flat  dde  of  the  lens  covers  the  hole. 
The  middle  vessd  is  fomished  with  a  code  e, 
to  dtmw  off  ilk  contents.  The  upper  vessel  a 
ii  fitted,  by  grinding,  into  the  upper  nedc  of 
the  middle  vcsseL  Its  inferior  part  consists 
df  a  tube  that  passes  almost  as  low  as  the 
oenfre  of  die  middle  vessel  Its  upper  otiflce 
is  dosed  bv  a  ground  stopper  /.  When  this 
aypataws  »  to  be  used^  die 


fig.  1.  which  represents  what  is  called  Woolfe's 
appitratus,  though  in  foct  Its  original  inventor 
was  Glauber,  with  some  subsequent  improve- 
ments. The  vapour  that  issues  from  the  re- 
tort bdng  condensed  in  the  recdver  a,  the  gaa 
passes  on  throueh  a  bent  tube  into  the  bottle 
c,  which  is  half  filled  with  water.  The  gas 
not  absorbed  by  this  water  passes  through  a 
dmilar  bent  tube  to  d,  and  so  on  to  more,  if 
it  be  thought  necessary ;  while  the  gas  that  is 
not  absorbable  by  water,  or  condensable,  at 
its  exit  from  the  last  bottle  is  conveyed  by 
a  recurved  tube  into  a  jar  g,  standing  in  a 
mercurial  trough  ff. 

It  often  happens  in  cheinical  processes, 
from  the  irregularity  of  the  heat,  or  other 
drcumstances,  that  the  condensation  'Is  more 
rapid  in  proportion  to  the  supply  of  vapour 
at  some  period  of  the  same  opetadon  than  in 
odiers ;  which  would  endanger  the  fluid^s  bdng 
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fiDieed  bMkwaid,  by  tfac  |>muig  of  the  at- 
moB|>heie,  into  the  receiver,  or  even  into  the 
iccort.  •  To  prevent  this,  Mr.  Woolfe*s  bottles 
had  a  centnl  neck,  beside  the  two  here  de- 
lineated, for  the  insertion  of  a  tube  of  safety, 
the  lower  extremity  of  which  opened  undor- 
neath  the  water,  and  the  upper  communicated 
with  the  atmosphere,  so  as  to  supply  air  in 
case  of  sudden  ab^rpdon.  See  Plate  V\^.  fig. 
3.  h.  Instead  of  this,  however,  a  curved 
Welter*s  tube  is  now  generally  used,  as  more 
ooDvenienL  Into  this  tube  water  is  poured, 
till  the  ball  &,  or  «,  fig.  1.  is  half  fiiU :  when 
absorption  takes  plaoe,  the  waier  rises  in  the 
ball  till  none  remains  in  the  tube,  and  then 
the  air  rushes  in :  on  the  other  hand,  no  gas* 
can  escape,  as  it  has  to  overcome  the  pressure 
of  a  high  column  of  water  in  the  perpendicular 
tube. 

Another  contrivance  to  prevent  retrograde 
pressure  is  that  of  Mr.  Pepys.  This  consists 
in  placing  over  die  first  receiver  a  glass  vessel, 
the  neck  o(  which  is  ground  into  it,  and  fur- 
nished  with  a  glass  valve,  similar  to  that  in 
Nooth*s  apparatus,  so  that  whenever  sudden 
condensation  takes  place  in  the  receiver,  its 
e^ct  is  merely  to  occasion  a  vacuum  there. 

An  ingenious  modification  of  Woolfe's  iqi- 
paiatus  is  that  of  Mr.  Knight,  PL  III.  fig.  6. 
aaa  represent  three  vessels,  each  ground  into 
the  mouth  of  thatbdow  it.  bbb^  glass  tubes, 
the  middles  of  which  are  ground  into  the  neck 
of  their  respective  vessels,  the  upper  extremity 
standing  above  the  surface  of  the  liquor  in  the 
vessel,  and  the  lower  extremity  reaching  nearly 
to  the  bottom  of  the  vessel  beneath,  e,  a 
Welter's  tube  to  prevent  absorption.  /,  an 
adapter  ground  to  fit  the  receiver;  to  which 
any  retort  may  be  joined  and  luted  before  it 
is  put  into  its  place,  c,  a  tube  for  oonvejring 
the  gas  into  a  pneumatic  trough.  The  foot 
of  the  lowest  vessel,  <2,  slides  in  between  two 
grooves  in  a  square  wooden  foot,  to  secure  the 
apparatus  from  oversetting.  A  stopple  fitted 
to  the  upper  vessel,  instead  of  the  adapter^ 
converts  it  into  a  Kooth*8  apparatus,  the  ma- 
terials  being  put  into  the  vessel  a  ;  and  in  this 
case  it  has  the  advantage  of  not  having  a  valve 
liable  to  be  out  of  order. 

A  very  simple  and  commodious  form  of  a 
Woolfe's  apparatus  is  given  by  the  late  Dr. 
W.  Hamilton,  at  the  end  of  his  translation  of 
Berthollet  on  dyeing ;  see  PL  VV.  fig.  3.  a  is 
the  retort,  the  neck  of  which  is  ground  into 
and  passed  through  the  thick  collar. &,  repre. 
sented  separately  at  &,  with  its  cround  stopple 
a,  which  may  be  put  in  when  me  neck  m  the 
retort  is  withdrawn.  The  collar  h  is  ground 
Into  the  wide  neck  of  the  receiver  c,  the  narrow 
neck  of  which  is  ground  into  the  wide  neck 
of  d.  d, «,  /,  and  g^  are  connected  in  a  similar 
manner ;  and  into  the  small  necks  of  d, «,  and 
ft  are  ground  the  tubes  I,  ky  and  2,  so  curved, 
that  their  lower  extremities  nearly  reach  the 
bottom  of  the  receiver  into  which  they  open. 


Fram  the  laat  noetver  proceeds  the  leconel 
tube  m,  opening  under  an  inverted  cop  s,  a 
hole  in  the  bottom  of  which  oonveyt  the  pA 
issuing  from  it  into  one  of  the  bottles  pbocd 
in  the  moveable  frame  /,  which  hss  a  hesTT 
leaden  foot  to  keep  it  stody  in  the  ceotreof 
a  fiat  pan  of  water,  in  whidi  the  moutbs  d 
the  bottles  are  immcned.  In  the  recrira  i 
is  a  tube  of  safety  A.  The  receivers  sre  plsced 
on  a  stand  a  little  inclined,  and  kept  ttcsiy 
by  slips  of  wood  boOowed  out  to  fit  tba 
curvatures,  as  represented  at  f  «.  Thb  a^ 
ratus  requires  no  lute ;  has  no  bent  tubes  tfas: 
are  difficult  to  adjust,  and  liable  to  breal^; 
and  the  retort  may  be  removed  at  soy  stage 
of  the  proceaa,  either  to  find  the  weight  it  hat 
lost,  or  for  any  other  purpose,  the  leoeim 
being  meanwhile  closed  with  the  stopplt 
Similar  advantages  attend  3f  r.  Knight's. 

When  it  is  reauired  to  psss  an  sfiriibna 
fluid  through  a  red-hot  substance,  such  an  ap. 
paratos  as  that  of  Banruel,  PI.  I.  fig  2.  nay 
be  employed.  In  this,  three  gun-banek,i, 
c,  dy  are  phhced  horizontally  in  a  rewbaattj 
surface  a,  about  two  inches  distance  fiwn  eadj 
other.  From  theextremity  of  the  centrsl  band 
c,  a  bent  tube  k  conveys  the  gas  to  the  jar «, 
in  the  pneumatic  trough  L  The  «1»^ 
tremity  of  c  is  connected  with  d  by  thecnn«J 
tube  i;  d  with  ft  by  the  curved  tube  A;  ajd 
the  other  end  of  i  widi  the  botde/by  tbembe 
e,  HTien  this  apparatus  is  employed  for  ob- 
taining carbonic  oxide,  the  psrt  of  esdi  wn^ 
exposed  to  die  fire  being  fiUcd  with  d«K* 
pressed  lightly  in,  but  not  rammed  hard ;  a*. 
bonate  of  lime  diluted  widi  a  very  Jiftte  water 
being  poured  into  the  botde/,  and  Ae  junc- 
tures being  all  wdl  luted,  the  fi«  >«  »  * 
kindled.    As  soon  as  the  bantls  «« rcd-iwt 


into  the  fonncl 
tzsveis- 


sulphuric  acid  is  to  be 
g,  and  the  carbonic  acin  ^J^r^T^^  ^ 
ing  three  portions  of  red-hot  """""jv   . 
completely  saturate  itself  with  it  beRW 
reaches  the  reoeiver  m.  ,.*_.„»  naxtt 

Pkte  V V.  fig.  2.  represents  «bc*fftf^P^ 
of  the  apparatus  required  fiw  "**"5"rJ  ^ 
quantity  of  ehutic  fluid  givoi  oat  <1^^ 
acdon  of  an  acid  on  calcsreoos  ^ou*  ^ 
botde  for  containing  the  soil  i«  "f^^-d 
a  I  h.  the  bottle  cnnT»nmir  dlC  SOd,  t"^"^ . 


a ;  bi  the  bottle  containing  the 


innccted 


with 


with  a  stop-cock;  c,  die  tube  coi 
afiacdd  bUder  J;/,  agT«auated°ie^j^ 
e,  die  bottle  for  containing  die  bladder-  !|  ^ 
diis  instrument  is  used,  a  g^^^J"??  io- 
soil  is  introduced  into  a;  b  m  WJ«»  .-dty  rf 
riaUc  add,  diluted  widi  an  equ«l  q«J^^  ^ 
water ;  ud  the  "top-cock,  Jdi^  5*  ,yd, 
connected  wiUi  the  upper  onncejt »,  ^^ 
is  ground  to  receive  it.  The  *"7thcbla«i*» 
duced  into  die  lower  orifice  of  tf,  ^^M^yt  in 
connected  with  it  placed  in »»  S[f\LdHat««J 
«,  which  is  fiUed  with  water.  J^Jf^ben 
measure  is  phKXsd  under  die  W"^.  ®'^jj  ^ti 
the  stop-cock  of  b  is  turned,  ^^^^id 
into  fl,  and  acts  upon  the  soil;  Uic  ««» 
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generated  panes  through  c  into  the  IfUdder, 
and  displAoes  a  quantity  of  imter  in  f ,  equal 
to  it  in  bulk ;  and  this  water  flows  through 
.  the  tube  into  the  graduated  measure,  the 
water  in  which  gives,  by  its  yolume,  the  indi- 
cation of  the  proportion  of  carbonic  add  disen- 
gaged from  the  soil ;  for  every  ounce  measure 
of  which,  two  grains  of  carbonate  of  lime  may 
be  estimated. — Nicholwn,  See  Carbonate, 
£iTDiOMETER,  Vapovb,  and  Appendix. 

LABRADOR  STONE.    SeeFELSPAB. 

LAC  is  a  substance  well  known  in  Europe, 
under  the  different  appellations  of  stick-Iac, 
ahell-lac,  and  seed-lac.  The  first  is  the  lac  in 
its  natural  state,  encrusting  small  branches  or 
twigs.  Seed>lac  is  the  stick  lac  separated  from 
the  twigs,  appearing  in  a  granulated  form,  and 
probably  deprived  of  part  of  its  colouring 
matter  by  boiling.  Shell-lac  is  the  substance 
which  has  undergone  a  simple  purification,  as 
mentioned  below.  Beside  these  w^  sometimes 
meet  with  a  fourth,  called  lump-lac,  which  is 
the  seed-lac  melted  and  formed  into  cakes. 

Lac  is  the  product  of  the  coccus  lacca,  which 
deposits  its  eggs  on  the  branches  of  a  tree 
called  Bihar,  in  Assam,  a  country  bordering 
on  Thibet,  and  elsewhere  in  India.  It  appears 
designed  to  answer  the  purpose  of  defending 
the  eggs  from  injury,  and  afilbrding  food  for 
the  maggot  in  a  more  advanced  state.  It  is 
formed  into  cells,  finished  with  as  much  art 
and  regularity  as  a  honeycomb,  but  differently 
arranged  ;  and  the  inhabitants  collect  it  twice 
a-year,  in  the  months  of  February  and  August 
For  the  purification,  it  is  broken  into  small 
pieces,  and  put  into  a  canvass  bag  of  about 
four  feet  long,  and  not  above  six  inches  in 
circumference.  Two  of  these  bags  are  in 
constant  use,  and  each  of  them  held  by  two 
men.  I'he  bag  is  placed  over  a  fire,  and  fre- 
quently  turned,  till  the  lac  is  liquid  enough  to 
pass  through  its  pores ;  when  it  is  taken  off 
the  fire  and  twisted  in  different  directions  by 
the  men  who  hold  it,  at  the  same  time  dragging 
it  along  the  convex  part  of  a  plantain  tree 
prepared  for  this  purpose;  and  while  this  is 
doing,  the  other  bag  is  heating,  to  be  treated 
in  the  same  way.  The  mucilaginous  and 
smooth  surface  cif  the  plantain  tree  prevents 
its  adhering ;  and  the  degree  of  pressure  regu- 
lates the  thickness  of  tlie  coating  of  lac,  at  the 
some  time  that  the  fineness  of  the  bag  deter- 
mines its  deamess  and  transparency. 

Analyzed  by  Mr.  Hatchett,  stit^-lac  gave 
in  100  parts,  resin  68,  colouring  extract  10, 
wax  6,  gluten  5.5,  extraneous  substances  6J) ; 
seed-lac,  resin  88.5,  colouring  extract  2.5,  wax 
4  6,  gluten  2 ;  shell-lac,  resin  90.9;  colouring 
extract  0.5,  wax  4,  gluten  2*8.  The  gluten 
greatly  vesembles  that  of  wheat,  if  it  bie  not 
precisely  the  same ;  and  the  wax  is  analogous 
to  that  of  the  myrica  cerifera. 

In  India,  lac  is  fashioned  into  rings,  beads, 
and  other  trinkets;  sealing-wax,  varnishes, 
and  lakes  for  painters,  are  made  firom  it ;  it  is 


much  used  as  a  red  dve,  and  wool  tmg^  with 
it  is  employed  as  a  fiicus  by  the  kdies ;  and 
the  resinous  part,  melted  and  mixed  with  about 
thrice  its  weight  of  finely  powdered  sand,  forms 
polishing  stones.  The  lapidaries  mix  powder 
of  corundum  with  it  in  a  similar  manner. 

The  colouring  matter  is  soluble  in  water; 
but  1  part  of  borax  to  5  of  lac  renders  the 
whole  soluble  by  digestion  in  water,  nearly  at 
a  boiling  heat.  This  solution  is  equal  for 
many  purposes  to  spirit  varnish,  and  is  an 
excellent  vehicle  for  water  colours,  as,  when 
once  dried,  water  has  no  effect  on  it.  Lixivium 
of  potash,  soda,  and  carbonate  of  soda,  likewise 
dissolve  it.  So  does  nitric  acid,  if  digested 
upon  it  in  sufiicient  quantity  48  hours. 

The  colouring  matter  of  the  lac  loses  con- 
siderably of  its  beauty  by  keeping  any  length 
of  time ;  but  when  extracted  fresh,  and  pre- 
cipiuted  as  a  lake,  it  is  less  liable  to  injury. 
Mr.  Stephens,  a  surgeon  in  Bengal,  sent  home 
a  great  deal  prepared  in  this  way,  which 
afforded  a  good  scarlet  to  doth  previously 
yellowed  with  quercitron ;  but  it  would  pro- 
bably have  been  better,  if,  instead  of  precipi- 
tating with  alum,  he  had  employed  a  solution 
of  tin,  or  merely  evaporated  the  decoction  to 
dryness. 

Lac  is  the  basis  of  the  best  sealing-wax. 

Shell- lac  resin  yielded  to  me  in  ultimate 
analysis,  carbon  64.67,  hydrogen  8. 22,  oxveen 
22.11;  in  100  parts. 

LACTATES.  Definite  compounds  of 
lactic  acid  with  the  salifiable  bases. 

LACQUER.  Solution  of  shell-lac  in 
alcohol. 

LAKE.  This  term  is  used  to  denote  a 
spedes  of  colours  formed  by  predpitaung 
colouring  matter  with  some  earth  or  oxide. 
The  prindpal  lakes  are.  Carmine,  Floience- 
lake,  and  lake  from  Madder. 

For  the  preparation  of  Carmine^  four  ounces 
of  finely  pulverized  cochineal  are  to  be  pouied 
into  four  or  six  quarts  of  rain  or  distilled 
water,  that  has  been  previously  boiled  in  a 
pewter  ketde,  and  boiled  with  it  for  the  space 
of  six  mmutes  longer ;  (some  advise  to  add, 
during  the  boiling,  two  drachms  of  pulverized 
crystals  of  tartar).  Eight  scruples  of  Roman 
alum  in  powder  are  then  to  be  added,  and  the 
whole  kept  upon  the  fire  one  minute  loneer. 
As  soon  as  the^gross  powder  has  subsided  to 
the  bottom,  and  the  decoction  is  become  dear, 
the  latter  is  to  be  carefully  decanted  into  large 
c]^lindrical  glasses,  covered  over,  and  kept  un- 
disturbed,  tiU  a  fine  powder  is  observed  to 
have  settled  at  the  bottom.  The  superincum- 
bent liquor  is  then  to  be  poured  off  from  this 
powder,  and  the  powder  gradually  dried.  From 
the  decanted  liquor,  which  is  still  much 
coloured,  the  rest  of  tiie  colouring  matter  may 
be  separated  by  means  of  the  solution  of  tin, 
when  it  yields  a  carmine  little  inferior  to  tibe 
other. 

For  the  preparation  of  Florentine  lake,  the 
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ndimaat  of  ooohinaal,  that  lenain^  in  the 
kettle,  may  be  boiled  with  the  requisite  quan- 
tity of  water,  and  the  led  liquor  likewise,  that 
remained  after  the  preparation  of  the  carmine, 
mixed  with  it,  and  the  whole  precipitated 
with  the  solutkm  of  tin.  The  red  precipitate 
mint  be  frequently  edulcorated  with  water. 
Bxclusi¥e]y  of  this,  two  ounces  of  fresh 
cochineal,  and  one  of  crystals  of  tartar,  are  to 
be  boiled  with  a  sufficient  quantity  of  water, 
poured  off  clear,  and  precipitated  with  the 
solution  of  tin,  and  the  precipitate  washed. 
At  the  same  time,  two  pounds  of  alum  are 
also  to  be  dissolved  in  water,  precipitated  with 
a  lixivium  of  potash,  and  the  white  earth 
repeatedly  washed  with  boiling  water.  Finally, 
both  precipitates  are  to  be  mixed  together  in 
their  liquid  state,  put  upon  a  filter,  and  dried. 
For  the  preparation  of  a  cheaper  sort,  instead 
of  cochineal,  one  pound  of  Brazil  wood  may  be 
employed  in  the  preceding  manner. 

For  the  following  process  for  making  a  laVt 
from  madder^  the  Society  of  Arts  voted  Sir 
H.  C.  Englefield  their  gold  medal.  Enclose 
two  ounces  troy  of  the  finest  Dutch  crop  mad- 
der in  a  bag  of  fine  and  strong  calico,  large 
enough  to  bold  three  or  four  times  as  mudi. 
Put  it  into  a  large  marble  or  porcelain  mortar, 
and  pour  on  it  a  pint  of  clear  soft  water,  cold. 
Press  the  bag  in  every  direction,  and  pound 
and  rub  it  about  with  a  pestle,  as  much  as  can 
be  done  without  tearing  it,  and  when  the  water 
is  loaded  with  colour,  pour  it  off.  Rei^eat  this 
process  till  the  water  comes  off  but  slightly 
tinged,  for  which  about  five  pints  will  bie 
Nufficient.  Heat  all  the  liquor  in  an  earthen 
or  silver  vessel,  till  it  is  near  boiling,  and  then 
pour  it  into  a  large  basin,  into  which  a  troy 
ounce  of  alum  dissolved  in  a  pint  of  boiling 
M)ft  water  has  been  previously  put.  Stir  the 
haxture  together,  and  while  stirring,  pour  in 
tjvii.Jy  about  an  ounce  and  half  of  a  saturated 
solr.tton  of  8ubcarl)onate  of  potash.  Let  it 
stand  till  cold  to  settle;  pour  oflp  the  clear 
)rellc\v  liquor ;  add  to  the  precipitate  a  quart  of 
boiliry  soft  water,  stirring  it  well ;  and  when 
cold,  separate  by  filtration  the  lake,  which 
should  weigh  half  an  ounce.  If  less  alum  be 
employed,  the  colour  will  be  somewhat  deeper ; 
with  less  than  three-fourths  of  an  ounce,  the 
whole  of  the  colouring  matter  will  not  unite 
with  the  alumina.  Fresh  madder  root  is  equal, 
if  not  superior,  to  the  dry. 

Almost  all  vegetable  colouring  matters  may 
be  precipitated  into  lakes,  more  or  less  beau- 
tiful, by  means  of  alum  or  oxide  of  tin. 

LAMP.    See  Light. 

LAMP  OF  SAFETV,  for  coal  mines,  the 

invaluable  and  splendid  invention  of  Sir  H. 

Davy.    For  an  account  of  the  principles  on 

.  which  it  acts,  see  Combustion.     We  shall 

here  describe  its  construction. 

In  the  parts  of  coal-mines  where  danger  was 
apprehended  from  fire-damp,  miners  had  been 
accu&tomcd  to  guide  themselves,  or  to  work,  by 


the  Ugfat  aflbrded  by  the  tpwrks  of  atsd,  PtTTMk 
off  from  a  whed  of  flint.  But  even  this  appt- 
latus,  though  modi  less  dangerous  than  s 
candle.,  sometimes  produced  explosions  of  Ok 
fire-damp. 

A  perftct  security  fttMn  aeddent  is,  hov- 
ever,  oflTered  to  the  miner  in  the  use  of  a  a^ 
lamp,  which  transmits  its  light,  snd  is  iied 
with  air,  through  a  cylinder  of  iron  or  copper 
wire-gauze ;  and  this  fine  invention  has  ^ 
advantage  of  requiring  no  machinery,  do  pin- 
loaophical  knowledge  to  direct  its  use,  aod  ii 
made  at  a  very  cheap  rate. 

'the  apertures  in  the  gauie  should  not  be 
more  than  ^  of  an  inch  square;  As  the  bt 
damp  is  not  inflamed  by  ignited  wire,  tk* 
thickness  of  the  wire  is  not  of  hnportaace,  but 
wire  from  t^  to -^  of  an  indi  in  disnseter  ii 
the  most  convenient 

The  cage  or  cylinder  should  be  mad*  t>T 
double  joinings,  the  gauae  being  foU^d  om 
in  such  a  manner  as  to  leave  no  tpertorts. 
When  it  is  cylindrical,  it  should  not  be  iwrt 
than  two  inches  in  diameter;  for  id  i«gff 
cyUndera,  the  combustion  of  the  fire^Lw^p 
renders  the  top  inconveniendy  hot;  sm  • 
double  top  is  always  a  proper  precauaoi, 
fixed  4  or  I  of  an  inch  above  the  first  top. 

The  gauze  cylinder  should  be  fciteori  » 
the  lamp  by  a  screw  of  four  or  five  tuiuf,  •» 
fitted  to  the  screw  by  a  tight  ring.  AUjomwgs 
in  the  lamp  should  be  made  with  haid  loMw  ? 
and  the  security  depends  upon  the  cir»m- 
stance,  that  no  aperture  exisU  in  the  sppaiw» 
larger  than  in  the  wire  gstize. 

The  parts  of  the  lamp  are,        ,     .   ^i 

1.  The  brass  cistern  whidi  cflOtaiDJ  Ae«Jj 
pierced  near  the  centre  with  a  verdcw  n»n^ 
tube,  nearly  fiUed  with  a  wire  which  » 'T 7j,e 
above,  on  the  level  of  the  burner,  wtn  ^^ 
wick,  by  acdng  on  the  lower  end  or  ine 
with  the  fingers.  It  is  c»lkd  *«  ^^'y 
trimmer.  ^.^ 

2.  The  rim,  in  which  the  ^^^^ 
is  fixed,  and  which  is  fastened  to  tue  os*- 

by  a  moveable  screw.  .,    gjifj 

3.  An  aperture  for  wpplyijfj'^^. 
with  a  screw  or  a  coric,  wd**"*!f^byi 
nicates  with  tlie  bottom  of  the  o*^^ 
tube ;  and  a  central  aperture  for  the  J  ^^ 

4.  The  vdre-gauze  cylinder,  wwcn      ^ 
not  have  less  than  625  apertures  to  me  •»! 
inch.  Vflve  th? 

5.  The  second  top  f  of  sn  ^"^^.y,, 
first,  surmounted  by  a  brass  o\^n  ^ 
to  which  the  ring  of  suspension  ".j^"V  ipine 

6.  Four  or  six  tliiek  vertical  wires,  ^  ^^ 
the  cistern  below  with  the  top  P»«v 
serving  as  protecting  V^^.'^Z.^X  ^^^ 

When  the  wire-gauze  ^^'^Z^^»Sj 
and  introduced  mto  an  ^^^f^^t^  of  ^ 
mixed  with  fire-damp,  the  "'^^^  fixe  of 
fire-damp  is  to  increase  the  ^^fyr,  ^  f(0i» 
the  flame.  When  the  iofl*"^  .uf^r  ^ 
as  much  ta  ^  oithe  volume  of  tne  »"' 
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cylinder  bccomeB  filkd  vidi  a  faeUe  Une  iUme, 

but  the  flame  of  the  wick  appean  bunuDg 

brightly  within  the  blue  flame,  and  the  light 

of  the  wick  augmcnii  tiU  the  fire-damp  in. 

creases  to  ^  or  ^,  when  it  ia  lost  in  the  flame  of 

the  fire-damp,  which  in  thia  case  fills  the 

cylinder  with  a  pretty  strong  light.    As  loog 

as  any  expioHve  mixture  of  gas  exists  in  con. 

tact  with  the  lamp,  so  bng  it  will  give  light, 

and  when  it  is  extinguished,  which  happens 

when  the  foul  air  constitutes  as  much  as  ^  of 

the  volume  of  the  atmosphere,  the  air  is  no 

longer    proper  for   respiration;    for  though 

animal  U£s  will  continue  where  flame  is  ax- 

tinguiahed,  yet  it  is  always  with  suffering.  By 

fixing  a  coil  of  platinum  wire  aboye  the  wick, 

igniticMi  will  continue  in  the  metal  when  the 

lamp  itaelf  is  extinguished,  and  firom  the 

ignited  wire  the  wick  may  be  again  rekindled, 

on  going  into  a  less  inflammable  atmoaphere. 

^^  We  have  ficquendy  used  the  lamps  where 

the  explosive  mixture  was  so  high  as  to  heat 

the  wire^gauxe  rod-hot ;  but  on  examining  a 

lamp  which  baa  been  in  constant  use  for  three 

months,  and  occasionally  subjected  to  this 

degree  of  heat,  I  cannot  perceive  that  the 

gauze  cylinder  of  iron  wire  is  at  all  impaired. 

I  have  not,  however,  thought  it  prudent,  in 

our  preaent  state  of  experience,  to  persist  in 

U8ii%  the  lamps  under  such  circumstances, 

because  I  hare  observed,  that  in  such  situations 

the  particles  of  coal  dust  floauns  in  the  air, 

fire  at  the  gas  burning  within  uie  cylinder, 

and  fly  oflT  in  small  luminous  sparks.     This 

appearance,  I  must  oonfeis,  alarmed  me  in  the 

firat  instance,  but  experience  soon  proved  that 

it  was  not  dangerous. 

•'Besides  the  faciliues  afforded  by  this 
invention,  to  the  working  of  coal-mines 
abounding  in  fire-damp,  it  has  enabled  the 
directors  and  superintendents  to  ascertain,  widi 
the  utmost  precision  and  expedition,  bodi  the 
presence,  the  quantity,  and  correct  situation  of 
the  gas.  Instead  of  creeping  inch  by  inch 
with  a  candle,  as  is  usual,  along  tlie  galleries 
of  a  mine  suspeaed  to  contain  fire-damp,  in 
order  to  ascertain  its  presence,  we  walk  firmly 
on  with  the  safo-lamps,  and,  with  the  utmost 
confidence,  prove  the  actual  state  of  the  mine. 
By  observing  attentively  the  several  appearances 
upon  the  fiame  of  the  lamp,  in  an  examination 
of  this  kind,  the  cause  of  accidents  which  hap* 
pened  to  the  most  experience  and  cautious 
miners  is  completdy  developed ;  and  this  has 
hitherto  been  in  a  great  measure  matter  of  mere 
conjectu^ 

^^  It  is  not  necessary  that  I  should  enlarge 
upon  the  national  advantages  which  must 
necessarily  result  from  an  invention  calculated 
to  prolong  our  supply  of  mineral  coal,  because 
I  think  them  obvious  to  every  refleedng  mind ; 
but  I  cannot  conclude  without  expressing  my 
^hest  sentiments  of  admiration  fat  those 
talents  which  have  developed  the  properties. 


and  CQittrolkd  ths  powar^  of  «m  of  the  OMMt 
dangerous  dements  which  human  enterpria^ 
has  hitherto  had  to  eDoounter.'*-^8ee  Letter 
to  Sir  H.  Davy,  m  Journal  of  Science,  vol.  1. 
p*  302,  by  John  Buddie,  Esq.  generally  and 
juady  esteemed  one  of  the  most  sdentific  coal- 
miners  in  the  kingdom. 

LAMPBLACK.  The  finest  lampblack  is 
produced  by  coUectiug  the  smoke  from  a  lamp 
with  a  long  wick,  whuh  supplies  more  oil  than 
can  be  perfectly  consumed,  or  by  sufieiing 
the  flame  to  play  against  a  metslline  cover, 
which  impedes  the  combustion,  not  only  by 
conducting  off  part  of  the  heat,  but  by  ob^ 
structing  the  current  of  aic.  Lampblack, 
however,  is  prepared  in  a  much  cheaper  way, 
for  the  demands  of  trade.  The  dregs  which 
remain  ate  the  eUquatkm  of  pitch,  or  else 
small  pieces  of  fir-wood,  are  burned  in  furnaces 
of  a  peculiar  construcdon,  the  smoke  of  which 
is  noade  to  pass  duough  a  loog  hoiixontal  flue, 
terminating  in  a  dose-boasded  chamber.  The 
Toof  of  thb  chamber  is  made  of  ooaite  dodi, 
through  which  the  current  of  abreicqies,  while 
the  soot  remains. 

LANA  PHILOSOPHICA.  The  snowy 
flakes  of  white  oxide,  which  rise  and  float  in 
the  air  from  the  combustion  of  zinc. 

LAPIS  INFERNALIS.    Potash. 

LAPIS  LAZULI.    Asnre-stone. 

LAPIS  NEPHRITICUS.    See  Nepb- 

RITE. 

LAPIS  OLLARIS.    Potstone. 

LATIALITE.    Haiiyne. 

LATROBITE.  A  new  mineral  of  a  pale 
pink  colour.  It  occurs  massive  and  crystal. 
Uzed.  It  scratches  glass,  and  is  scratched  by 
felspar.  Sp.  grav.  2.8.  It  was  found  in 
Amitok  island,  near  the  coast  of  Labrador^ 
by  the  Rev.  Mr.  Latrobc. 

LAVA.    SeeVoLCAKic  Products. 

LAZULI  (LAPIS).    Azure-stone. 

LEAD  is  a  white  metal  of  a  considerably 
blue  tinge,  very  soft  and  flexible,  not  very 
tenacious,  and  consequenUy  incapable  of  being 
drawn  into  fine  wire,  though  it  is  easily  ex- 
tended into  thin  plates  under  the  hammer. 
Its  sp.  gr.  is  1 1.35.  It  mdts  at  612^  In  a 
strong  heat  it  boils,  and  emits  fumes,  during 
which  time,  if  exposed  to  the  air,  its  oxidation 
proceeds  with  considerable  rapidity,  head  is 
brittle  at  the  dmc  of  congelation.  In  this  state 
it  may  be  brokrn  to  pieces  with  a  hammer, 
and  the  crystallisation  of  its  mtemal  parts 
will  exhibit  an  arrangement  in  paraUd 
lines. 

Lead  is  not  much  altered  by  exposure  to  air 
or  water,  though  the  brighmess  of  its  surface, 
when  cut  or  scraped,  very  soon  goes  off.  It  is 
probable  that  a  thin  stratum  of  oxide  is  formed 
on  the  surface,  which  defends  the  rest  of  the 
metal  from  corroaion. 

There  are  certainly  two,  perhaps  three 
oxides  of  lead :-.- 
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1.  The  powder  precipiuted  by  potash  horn 
the  solution  of  the  nitrate  of  lead,  being  dried, 
forms  the  yellow  protoxide.  ^Vlien  somewhat 
vitrified,  it  constitutes  litharge,  and,  combined 
with  carbonic  add,  white-lead  or  ceruse.  It  has 
been  obtained  by  M.  Houton-Labillardiere, 
in  dodecahedral  white  crystals,  about  the  size 
of  a  pin-head,  by  slow  deposition,  from  a 
solution  of  litharge  in  soda,  tieat  volatilizes 
it  It  is  of  very  much  importance  to  know  ac- 
curately the  composition  of  this  oxide  of  lead, 
especially  in  consequence  of  its  great  influence 
in  the  analysis  of  organic  bodies.  The  mean 
of  Berzelius's  last  experiments,  as  detailed  in 
the  6th  voL  of  Ihe  Afhandlingar  i  Fysik^  and 
translated  into  the  Ann.  of  Phil,  for  February 
1 820i  gives  us  7'73  for  the  quantity  of  oxygen, 
combined  widi  100  of  lead  in  107-73  of  the 
protoxide,  whence  the  prime  equivalent  of 
lead  comes  out  12.9366.  The  very  near 
approach  of  this  to  13,  will  justify  us  in 
adopting  this  round  number ;  and  in  esti- 
mating  the  equivalent  of  the  protoxide  at  14. 
The  pigment  massicot  is  merely  this  oxide. 

2.  When  massicot  has  been  exposed  for 
about  48  hours  to  the  flame  of  a  rcverberatory 
furnace,  it  becomes  red-lead,  or  minium.  This 
substance  has  a  sp.  gr.  of  8.94.  At  a  red  heat 
it  gives  out  oxygen,  and  p^ses  into  vitrified 
protoxide.  It  condsts  of  100  lead  -{-  11.08 
oxygen ;  and  it  may  be  represented  as  a  com- 
pound of  2  primes  of  lead  +  3  oxygen ;  or  of 
I  prime  protoxide  -\-  1  prime  peroxide. 

3.  If  upon  100  parts  of  red-lead  we  digest 
nitric  acid  of  the  sp.  gr.  1.26,  92  «3  parts  will 
be  dissolved,  but  7  5  of  a  dark  brown  powder 
will  remain  insoluble.  This  is  the  peroxide  of 
lead,  and  consists  of  100  lead  -{-  13.4  oxygen ; 
or  13  4-  2  =  15. 

By  passing  a  stream  of  chlorine  through 
red-lead  diffused  in  water,  we  obtain  a  solution, 
which  yields  by  potash  an  abundant  predpi- 
ta<e  of  the  brown  oxide  of  lead.  From  100  of 
minituTi,  68  of  the  peroxide  may  be  obtained. 
It  is  tasteless,  and  with  muriatic  acid  evolves 
chlorine.  When  heated,  oxygen  is  disengaged, 
and  protoxide  remains.  The  red-lead  of  com- 
merce is  often  very  impure,  containing  vellow 
oxide,  sulphate  <k  lead,  submuiiate  of  lead, 
and  silica. 

Chloride  of  lead  is  formed  either  by  placing 
lead  in  chlorine,  or  by  exposing  the  muriate 
to  a  moderate  heat.  It  is  a  semitransparent 
greyish- white  mass,  somewhat  like  horn, 
whence  the  old  name  of  plnmlmm  conieum. 
It  is  fixed  at  a  red  heat  in  dose  vessels,  but  it' 
evaporates  at  that  temperature  in'the  open  air. 
By  Dr.  Davy's  analysis,  it  consists  of  chlorine 
25.78  f  lead  74.22 ;  or  4.6  +  13. 

The  iodide  is  easily  formed,  by  heating  the 
two  constituents.  It  has  a  fine  yellow  colour. 
It  precipitates  when  we  pour  hydriodate  of 
potash  into  a  solution  of  nitrate  of  lead. 

The  salts  of  lead  have  the  protoxide  fbr 


their  base,  and  are  disringiiwfaiitle  by  the  fid- 
lowing  general  characters : — 

1.  The  salts  which  dissolve  in  water 
usually  give  coloorless  solutiaoB,  which  have 
an  astringent  sweetish  taste. 

2.  Pliwed  on  diarooal  they  all  yidd,  by  the 
blowpipe,  a  button  of  lead. 

3.  Ferroprussiate  of  potash  oecaaions  in  their 
solutions  a  white  predpitate. 

4.  Hydrosulphuret  of  potash,  a  black  p«- 
cipitate. 

5.  Sulphuretted  hydrogen,  a  black  preci- 
pitate. 

6.  Gallic  acid,  and  infusion  of  galls,  a  white 
precipitate. 

7*  A  plate  of  zinc,  a  white  predpitate,  or 
metallic  lead. 

Most  of  the  adds  attack  lead.  The  sul- 
phuric  does  not  act  upon  iU  unless  it  be 
concentrated  and  boiling.  Sulphuroua  add 
gas  escapes  during  this  process,  and  the  add  is 
decomposed.  When  the  distiliation  is  caoied 
on  to  dryness,  a  saline  white  mass  remaisst  a 
small  portion  of  which  is  soluble  in  water,  and 
is  the  sulphate  of  lead;  it  affords  cryBtals.  The 
residue  of  the  white  mass  is  an  insolublesulphate 
of  lead.  It  consists  of  5  acid  +  14  protoxide- 
Nitric  add  acts  strongly  on  lead. 

The  nitrate  solution,  by  evaporation,  yields 
tetrahedral  crystals,  whidi  are  white,  opaque, 
possess  considerable  lustre,  and  have  a  sp.  gr. 
of  4.  They  dissolve  in  7*^  P^^^ts  of  boiling 
water.  They  consist  of  6.76  add  -f-  !•*  pn>t- 
oxide ;  or  nearly  1  -f  2. 

A  subnitrate  may  be  formed  in  pearl- 
coloured  scales,  by  boiling  in  water  equal 
weights  of  the  nitrate  and  protoxide. 

A  subnitrate  of  lead  may  be  formed,  by 
boiling  a  solution  of  10  parts  of  the  nitrate  on 
7.8  of  metallic  lead.  If  more  of  the  metal  be 
used,  a  quadro-subnitrate  results.  By  saturat- 
ing one-h^f  of  the  oxide  of  the  subnitrate,  with 
the  equivalent  prop3rtion  of  sulphuric  add,  a 
neutral  nitrate  is  formed. 

Muriatic  add  acts  directly  on  lead  by  heat, 
oxidizing  it,  and  dissolving  part  of  its  oxide. 

The  acetic  acid  dissolves  lead  and  its 
oxides ;  though  probably  the  access  of  air  may 
be  necessary  to  the  solution  of  the  metal  itsdf 
in  this  acid.  Wliitc-lead^  or  cerute^  is  made 
by  rolling  leaden  plates  spirally  up,  so  as  to 
leave  the  space  of  about  an  inch  beta'een  each 
coil,  and  placing  them  vertically  in  earthen  pots, 
at  the  bottom  of  which  is  some  good  vinegar. 
The  pots  are  to  be  covered,  and  exposed  for 
a  length  of  time  to  a  gentle  heat  in  a  sand-bath, 
or  by  bedding  them  in  dung.  The  vapour  of 
the  vinegar,  assisted  by  the  tendency  of  the 
lead  to  combine  with  die  oxygen  whidi  i» 
present,  corrodes  the  lead*  and  converts  the 
external  portion  into  a  white  substance  which 
comes  off  in  flakes,  when  the  lead  is  uncoiled. 
The  plates  are  thus  treated  repeatedly^  until 
they  are  coiroded  through.      Ceruse  is  the 


LEA 


561 


LEA 


inljr  white  used  in  oQ  pafntingt.  Commonly 
it  is  adulterated  with  a  mixture  of  chalk  in  the 
tbopB.  It  may  be  disadved  without  difficultr 
in  the  aeetic  acid,  and  affivds  a  crystallizable 
salt,  dtaed  sugar  qfleady  from  its  sweet  taste. 
This,  like  all  the  preparations  of  lead,  is  a 
deadly  poison.  The  common  sugar  of  lead  is 
an  aoetate;  and  Ooalard*s  extract,  made  by 
boiling  lithazge  in  Tinq^ar,  a  subaoetate.  The 
power  of  tins  salt,  as  coaculator  of  mucus, 
is  superior  to  the  other.  If  a  bit  of  zinc  be 
snspoided  by  brass  or  iron  wire,  or  a  thread, 
in  a  mixture  of  water  and  the  aoetate  of  lead, 
the  lead  will  be  xeviTcd,  and  form  an  arbor 
SatunL 

The  aoetate^  or  sugar  of  lead,  is  usually 
aystalH^  m  needles,  which  have  a  silky 
appearance.  They  are  flat  four-sided  prisms 
with  dihedral  summits.  Its  sp.  gr.  is  2.34& 
It  is  soluble  in  three  and  a  hiSf  times  its 
wdgfat  of  cold  water,  and  in  somewhat  less 
of  boiling  water.  Its  constituents  are  26.96 
add  -I-  W.7I  base  +  14.32  water.— ^«r«c- 
/Im. 

The  subaoetate  crystallizes  in  plates,  and 
is  composed  of  20  acid  +  80  base;  or  1 
prime  -f  2.  The  solphoret,  sulphate,  car. 
bonate,  phosphate,  aneniate,  and  chromate  of 
lead,  are  found  native,  and  will  be  described 
among  its  Ores. 

When  lead  is  aQoyed  with  an  equal  weight 
of  thi,  or  perhaps  even  less,  it  ceases  to  be 
acted  on  by  vinegar.  Acetate  and  subaoetate 
of  lead  in  solution  have  been  used  as  external 
applications  to  inflamed  surfiuxs,  and  scrofu- 
lous sores,  and  as  eye-washes.  In  some  ex. 
treme  cases  of  hamorrha£nr  ftom  the  lungs  and 
bowels,  and  uteras,  the  mrmer  salt  has  been 
prescribed,  but  rarely  and  in  minute  doses,  as 
a  corragant  or  astringent  The  colic  of  the 
painters,  and  that  formerly  prevalent  in  certain 
eoimties  of  Enghmd,  from  the  lead  used  in 
the  cyder  presses,  show  the  very  deleterious 
operadon  of  the  oxide,  or  salts  of  this  metal, 
when  haMtoally  introduced  into  the  system  in 
the  mmutest  quantities  at  a  time.  Contraction 
of  the  thnmbs,  pandysis  of  the  hand,  or  even 
of  tiie  extremitieB,  have  not  unirequently 
supervened.  A  course  of  sulphuretted  hy- 
drogen waters,  laxatives,  of  which  sulphur, 
castor-oil*  sulphate  of  magnesia,  or  calomel, 
should  be  prefeticd,  a  mercurial  course,  the 
hot  sea-bath,  and  electricity,  are  the  appro- 
priata  remedies. 

]>ealers  in  wines  have  oocarionally  sweet- 
ened  them,  when  acescent,  with  litharge  or  its 
salts.  This  ddeterious  adulteration  may  be 
detected  by  sulphuretted  hydrogen  water, 
wfaidi  will  throw  down  the  lead  in  the  state  of 
a  dark  brawn  su^huret.  Or,  subcarbonate  of 
ammonia,  whidi  is  a  very  delicate  test,  may 
be  employed  to  precipitate  the  lead  in  the 
state  of  a  white  carbonate;  which,  on  being 
washed  and  dwested  with  sulphuretted  hydro- 
gwi  water,  will  mstantly  become  black.    If 


the  white  precipitate  be  gently  heated,  it  will 
become  yellow,  and,  on  charcoal  before  the 
blowpipe,  it  will  yield  a  globule  of  lead. 
Chromate  of  potash  will  tlvow  down  from 
saturnine  solutions  a  beautiful  orange-yc^w 
powder.  Burgundy  wine,  and  all  sudi  as 
contain  tartar,  will  not  hold  lead  in  solu- 
tion, in  consequeooe  of  the  insolubility  of  the 
tartrate. 

The  proper  counter-poison  for  a  dangerous 
dose  of  sugar  of  lead,  is  solution  of  Cpsom  or 
Glauber  ult,  liberally  swallowed;  either  of 
which  medicines  instantly  converts  the  poi- 
sonous acetate  of  lead  into'  the  inert  ana  in- 
noxious sulphate.  Thesulphuret  of  potash, 
so  much  extolled  by  Navier,  instead  of  being 
an  antidote,  acts  itself  as  a  poison  on  the 
stomach. 

Sugar  has  been  found  to  neutralize  the 
poisonous  action  of  acetate  of  lead ;  and  there- 
fore may  be  regarded  as  an  exoellent  antidote 
to  it  Sugar  readily  dissolves  the  protoxide  of 
lead ;  and  it  deprives  the  brown  oxide  of  its  ex- 
cess of  oxygen,  and  then  dissolves  it     VogeL 

Oils  dinolve  the  oxide  of  lead,  and  become 
tiiick  and  consistent ;  in  wtiidn  state  they  are 
used  as  the  basis  of  plasters,  cements  for 
water-works,  paints,  &c. 

Sulphur  rradily*  dissolves  lead  in  the  dry 
way,  and  produces  a  brittle  compound,  of  a 
deep  grey  colour  and  brilliant  appearance, 
which  is  much  less  fusible  than  lead  itself;  a 
property  which  is  common  to  all  the  com- 
binations of  sulphur  with  the  more  fusible 
metals. 

The  phosphoric  add,  exposed  to  heat  to- 
gether with  charcoal  and  lead,  becomes  con- 
verted into  phosphorus,  which  combines  with 
the  metal.  This  combination  does  not  greatly 
diflbr  from  ordinary  lead:  it  is  mafieable, 
and  easily  cut  with  a  knife ;  but  it  loses  its 
brilliancy  more  speedily  than  pure  lead ;  and 
when  fiised  upon  charonl  with  the  blowpipe, 
the  phosphorus  bums,  and  leaves  the  lead 
behind. 

Litharge  fused  witii  common  salt  deoom- 
poses  it;  the  lead  unites  with  the  muriatic 
add,  and  forms  a  yellow  compound,  used  as  a 
pigment.  The  same  decomposition  takes  place 
in  the  humid  way,  if  common  salt  be  mace- 
rated witii  litharge ;  and  the  solution  will  con- 
tain caustic  alkaU. 

Lead  unites  with  most  of  the  metals. 
Gold  and  silver  are  dissolved  by  it  in  a  slight 
red  heat.  Both  these  metals  are  said  to  be 
rendered  brittle  by  a  small  admixture  of 
lead,  though  lead  itself  is  rendered  more 
ductile  by  a  small  quantity  of  them.  Pla- 
tina  forms  a  brittle  compound  with  lead; 
mercury  amalgamates  with  it ;  but  the  lead 
is  separated  from  the  mercury  by  agitation, 
in  the  form  of  an  impalpable  black  powder, 
oxygen  being  at  the  same  time  absorbed. 
Copper  and  lead  do  not  unite  but  with  a 
strong  heat    If  lead  be  heated  so  as  to  boll 
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and  tmoke,  it  soon  diasolTes  pSeoei  of  oomr 
thrown  into  it;  the  mixture,  when  cola,  is 
brittle.  The  union  of  these  two  metaU  ia  le- 
maikably  slight;  for,  upon  exposing  the  mass 
to  a  heat  no  greater  than  that  in  which  lead 
melts,  the  lead  almost  entirely  runs  off  by  it- 
self* This  process  is  called  eli(|uation.  The 
coarser  sorts  of  lend,  which  owe  their  brittle- 
ness  and  granulated  texture  to  an  admixture 
pf  copper,  throw  it  up  to  the  suifaoe  on  being 
meltef  by  a  small  heat.  Iron  does  not  unite 
with  lea^  as  long  as  both  substances  retain 
their  metallic  form.  Tin  imites  very  easily 
with  this  metal,  and  forms  a  compound,  which 
is  much  more  fusible  than  lead  by  itself,  and 
is,  for  this  reason,  used  as  a  solder  for  lead. 
Two  parts  of  lead  and  one  of  tin  form  an 
alloy  more  fusible  than  either  metal  alone : 
this  is  the  solder  of  the  plumbers.  Bismuth 
combines  readily  with  lead,  and  affords  a  metal 
of  a  fine  dose  grain,  but  very  brittle.  A  mix- 
ture of  flight  parts  bismuth,  five  lead,  and 
three  tin,  will  melt  in  a  heat  which  is  not  suf- 
fident  to  cause  water  to  boU.  Antimony 
iorms  a  brittle  alloy  with  lead.  Nicke^ 
cobalt,  manganese,  and  zinc,  do  not  unite 
with  lead  by  fusion. 

AU  the  oxides  of  lead  are  easily  revived 
with  heat  and  carbon. 

LEATHER.  The  skms  of  animals  nie- 
pared  by  maceration  in  lime  water,  and  aner- 
wards  combined  with  astringent  substances* 
See  Tanstixo. 

LEAVES  OF  PLANTS.    Sec  Chlo. 

ROPHYLE. 

LEELITE.  a  red  siliceous  stone  found 
at  Grypbytta  in  Westmanniso  It  has  the  same 
lustre  and  translucency  as  horn.  Fracture 
splintery.  Sp.  grav.  2-71.  Its  constituents 
are  silica  75 ;  slumina  22 ;  manganese  2*6 ; 
water  0-5.     Dr.  Clarke, 

LEES  (SOAP).  See  Potash;  also  Soap. 

LEMONS.    See  Acid  (Citric). 

LEMNIAN  EARTH,  or  Sphraoidk. 
Colour  yellowish-gray,  and  frequently  mar- 
bled with  rusty  spots.  DuU.  Fracture  fine 
earthy.  Meagre  to  the  feeL  Adheres  slightly 
to  the  tongue.  When  plunged  in  water,  it 
falls  to  pieces  with  disengagement  of  air-bub- 
bles. Its  constituents  are,  66  silica,  14-5 
jdumina,  0-25  magnesia,  0-25  Ihne,  3-5  soda, 
6  oxide  of  iron,  85  WAter, -^Klajfroth.  It  has 
hitherto  been  found  only  in  the  island  of  Sta- 
limene  (ancient  Lenmos).  It  is  reckoned  a 
medicine  in  Turkey;  and  is  dug  up  onlyonoa 
a.year,  with  religious  solemnities,  cut  into 
spindle-shaped  pieces,  and  stanriped  with  a 
^eal.  It  was  esteemed  an  antidote  to  poison 
and  the  plague  in  Homer's  time;  .a  virtue  to 
^hich  it  has  not  the  slightest  daim. 

LENZINITE.  1.  Opaline.  A  mineral 
of  a  milk-white  colour,  in  small  pieces,  smooth 
and  slightly  greasy  to  the  toudi,  and  surface 
not  abiuing.  Fracture  conchoidal;  transpa- 
rent on  thv  edges.    Moderately  h(iid ;  sectik* 
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crsckp  asunder  wim  a  noise  in  water.  It 
consists  of  silica  37*6;  alumina  37*6;  water 
26.  Johns.  2.  ArgiUaceoui.  Colour  sbmw- 
white,  sometimes  dosed  yeUow  wiiL  inn* 
Fracture  earthy.  Sli^tly  coherent ;  adhiereB 
strongly  to  the  tongue.  Sp*  grav.  !•&  Like 
the  preceding,  when  ezposad  to  .a  red  heat,  it 
becomes  hard  enough  to  scratch  gbaa.  It  is 
composed  of  silica  39 ;  alumina  35-5 ;  water  25  % 
lime  005.   Joknt.  Found  at  Kail, in EiHeU. 

LEPIDOLITE.  Ck>lour  peadi-blosMn 
red,  sometimes  grey.  Massive,  and  in  small 
concretions*  Lustre  glistenina,  pearly.  Clea. 
▼age  single.  Fracture  coarse  sjuintery.  Feahlf 
translucent.  Soft  Bather  sectxie.  Bather 
easily  frangible.  Sp.  gr.  2-6  to  2-&  It  in. 
tumesces  before  the  Uowpipe,  and  mdts  easily 
into  a  milk-white  translucent  ^obole.  Its 
constituents  are,  54  silica,  20  alomina*  \% 
|)ota8h,  4  fluate  of  lime,  3  maaganpse,  and  I 
iron.—  Vauquelin,  It  ooeurs  in  limestonr  m 
Dalmally,  and  on  the  north  side  of  Lodiftie  ; 
on  the  east  side  of  Lochleren,  nearly  opposite 
the  inn  at  Balachullsh.  It  is  £oiiiid  in  itaany 
places  on  the  continent.  Co  accouot  of  its 
beautiful  colour,  it  has  been  cut  into  SBoff* 
boxes,  but  it  is  rather  soft  and  grenjr  to  the 
aspect. — Jameton. 

LEUCITE.  DodeeahedralaeoUteof  Jane- 
SOD.  Oolour  whiter  whence  its  naouB.  Gsoe- 
rally  in  roundish  imbedded  grains,  or  cryatsl- 
lized  in  acute  double  eight^ided  pyTBinid& 
Internal  lUstre  shining.  Cleavage  imperfect- 
Fracture  imperfect  coachoidal.  Ti«»liiaot. 
Reiracts  single.  Harder  than  apatite,  bat 
softer  than  felspar.  Brittle.  6p.  gc  %h. 
Mlth  borax  it  fuses  into  a  brownish  tmospa- 
rent  glass.  Its  constituents  are,  56  silica^  20 
alumina,  20  potesh,  2  lime,  and  2  loss^— 
Vauquelin.  It  is  almost  peculiar  to  Italy, 
occurring  in  tiap-rocks  and  lavas*  sit  AOmhio^ 
Frascati,  and  near  Naples. 

LEUTTRITE.  A  mii^  brac^t  fioa 
Leuttra,  near  Jena,  in  Saxony.  It  appeaa  to 
be  a  recomposed  rock,  analogous  to  soma  of 
the  sandy  vazisties  of  tiie  Domite.  Cokmr 
greyish-white,  tinged  hero  ^nd  tboe  of  an 
ochirey  brown. 

LEVEYNE.  A  new  minaa,  vhich  oo. 
oirs  in  the  cavities  of  «n  cniygdalaid  lock, 
from  Balsnypen  In  Faroe.  Ukavaffe  indi- 
stinct. Fracture  imperfectly  ooQchotdaLLiittia 
vitreous.  Cplonr'  and  streak  whiter  Semi- 
transparent.  Brittle.  In  nainute  ctystals, 
Edin,  Journal  of  Science  for  4pri2,  182& 

LEVIGATION.  The  medianiGia  proeot 
of  grinding  the  parts  of  bodies  to  a  fine  paste, 
by  rubbing  the  flat  hct  of  a  atone  called  tlia 
muller,  upon  a  table  or  slab  called  the  atonaw 
Some  fluid  is  always  add^  in  this  process. 
The  advantage  of  levigation  with  a  stone  and 
muller,  beyond  that  of  triturating  in  a  laorcsiv 
is,  that  the  materiali  can  more  easily  be  sen^wd 
together,  and  subjected  to  the  actiin  «f  ths 
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UL4S  limeatoDe  k  aif^llo-lbtiifiiUMU,  «ii» 
dosing  amiDOiiHes,  and  great  variety  of  iea. 
•hella.  Itf  geological  flitoadoo  ia  under  tha 
oolite,  as  near  Bath.  It  is  used  in  the  litho* 
graphic  art. 

IiIBAVIDS,  nooking  liquor  of;  deuto- 
chloride  of  tin. 

I»I0tiNlT£8.  TheandentnameofPa. 
xian  marble. 

LIEVRITB,  OR  YENITE.  ColovhlM^. 
Massive ;  in  distinct  concretions ;  and  crystal- 
Ibed;  in  oblique  or  ahnost  rectangular  four- 
aided  prisma,  varying  ftom  acicular  to  the 
thieknesa  of  an  inch.  Lateral  planes  loogi- 
tudinaUy  streaked.  Lustre  glistening,  semi- 
tnetalBe.  Fracture  uneven.  Opaque.  Scratches 
gUss,  and  gives  a  few  sparks  with  sted,  but 
18  scratched  by  adularia.  Streak  unchanged. 
Easily  frangible.  ^.  gr.  3-9.  Magnetic  on 
being  heated;  its  colour  at  the  same  thne 
changing  to  reddish-brown.  It  melts  into  an 
opaque  black  bead,  having  a  metallic  aspect, 
and  magnetic.  Its  constituents  are,  90  silica, 
124»  lime,  bj-b  oxide  of  iron  and  oxide  of 
manganese,  the  last  of  wliidi  ftfiming  only  2 
or  3  parts.  It  occurs  in  primitive  luaestooe 
in  the  island  of  Elba. 

LIEVRITE.  Colour  bhckish-green.  Mas- 
BTvel;  in  distinct  concretions ;  and  crystallized 
in  oblique  four.sided  prisms.  Lustre  of  the 
ihuTture  glistening,  and  semi-metallic.  Frac- 
ture uneven.  OJMique.  Sp.  gr.  4-0.  Its 
constituents  are,  silica  30,  alumina  1,  lime 
14-8,  oxide  of  iron  40,  oxide  of  manganese  3. 
—  Vauquelht,  It  occurs  in  primitive  limestone 
along  with  epidote,  quartz,  &c«  in  the  island 
of  B&a. — Jameson* 

LIOhHT.    The  agent  of  vision. 

Some  philosophers  regard  light  as  consist- 
ing of  partides  of  inconceivable  minuteneea, 
emitted  in  -sucoeBsion  by  luminous  bodies, 
whtdi  move  in  straight  linea*  at  the  rate  of 
200,000  miles  per  second. 

Others  conceive  that  it  oenaists  in  certain 
undulations,  coomiunicated  by  luminous  bo- 
dies to  an  ethereal  fluid  whidi  fills  all  space. 
This  fluid  is  composed  of  the  most  subtile 
matter,  is  hi^y  elastic,  and  the  undulations 
an  propagated  through  It  with  great  velocity, 
in  spherical  superficies  proceeding  from  a 
centre.  This  view  derives  great  plausibility 
fiom  ita  happy  application  by  Huygens,  to 
explsin  a  very  difficult daaa of  optLcalpheno- 
mena,  the  double  refraction  of  calcareous  spar 
and  other  bodies. 

The  common  refraction  is  explained  by 
Huygens  on  the  supposition,  that  the  undu- 
lations in  the  luminous  fluid  are  mypagated 
in  the  form  of  ipAerical  waves.  Tt»doubk 
isAactioA  is  exphdned  on  the  supposition. 


that  the  midalations  of  light,  in  passing 
through  the  calcareous  spar,  assume  a  sphe^ 
roidaifaxmi  and  this  hypodiesis,  though  it 
does  not  ^iply  with  the  same  sunpUdty  as 
the  former,  yet  admits  of  such  precision,  that 
a  proportion  of  the  axes  of  the  spheroids  may 
be  assigned,  iducfa  will  account  for  the  precise 
quantity  of  the  extraordinarT  refraction,  and 
kr:  all  the  phenomena  depenoent  on  it,  which 
Huygens  had  studied  with  great  care,  and  had 
reduced  to  the  snyillest  number  of  general 
facts. 

*^  That  these  spheroidal  undulations  ac- 
tually exist,"  says  the  odebrated  Play&ir, 
'^  he  would  after  all  be  a  bold  theorist  who 
should  affirm ;  but  that  the  supposition  of 
their  existence  is  an  accurate  expression  of 
the  phenomena  of  double  refraction,  cannot 
be  doubted.  When  one  enunciates  the  hypo- 
thesis of  the  spheroidal  undulations,  he  in 
fru:t  expresses  in  a  single  sentence  all  the  phe* 
nomena  of  double  refraction.  The  hypothesis 
is  therefore  the  means  of  representing  these 
phenomena,  and  the  laws  which  they  obey^  to 
the  imagination  or  (he  understanding;  and 
there  is  perhaps  no  theory  in  optics,  and  but 
very  few  in  natural  philosophy,  of  which  more 
QUI  be  said.  Theory  therefore,  in  this  in- 
stance, is  merely  to  be  regarded  as  the  ex- 
pression of  a  general  law,  and  in  that  light  I 
think  it  is  considered  by  La  Place." 

Dr.  Young  has  selected  from  Sir  Isaac 
Newton^s  various  writings,  many  passages 
favourable  to  the  admission  of  the  undulatory 
theory  of  light,  or  of  a  luminiferous  ether  per- 
vading the  universe,  rare  and  elastic  in  a  high 
degree.  ^^  Is  not  the  heat  (of  the  warm  room) 
conveyed  through  the  vacuum  by  the  vibra- 
tions oi  a  much  subtiler  medium  than  air  ? 
And  is  not  this  medium  the  same  with^hafc 
medium  by  which  light  is  reflected  and  re- 
fracted,  and  by  whose  vibrations  light  com. 
mimicates  heat  to  bodies,  and  is  put  into  flts 
of  easy  reflexion  and  easy  transmission  ?  And 
do  not  the  vibrations  of  this  medium  in  hot 
bodies  contribute  to  the  intenseness  and  dura- 
tion of  Uidr  he^?  And  do  not  hot  bodies 
communicate  their  heat  to  contiguous  cold 
ones,  l^  the  vibrations  of  this  medium,  pro- 
pagated from  them  into  the  cold  ones  ?  And 
IS  not  this  medium  exceedingly  more  rare  and 
subtile  than  the  air,  and  exceedingly  more 
elastic  and  active?  And  doth  it  not  readily 
pervade  all  bodies?  And  is  it  not  by  its 
elastic  force  expanded  through  all  the  hea- 
vens?**--'* If  any  one  would  ask  how  a  me- 
dium can  be  so  rare,  let  him  teU  me  how  an 
dectric  body  can  by  friction  emit  anaxhala- 
tion  so  rare  nd  subtile,  and  yet  so  potent  P 
And  how  l^e  effluvia  of  a  magnet  can  pass 
through  8^  plate  of  ghus  without  resistance, 
and  yet  torn  a  magnetic  ^eedle  beyond  the 
glass  ?*'.(]Mcs,  Qii.  1&  22.  «'  Were  I  to 
assume  an  hypotlMsis,  it  should  be  this,  if 
propounded  moie  generally,  so  as  not  to  dc- 
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tgnoine  what  lidit  ii>  frrthor  thaa  that  it  is 
something  or  oUier  cspable  of  exddng  TibRU 
tioas  in  the  ether;  for  thus  it  will  beoome  so 
ffenersl,  and  oompTchensive  of  other  hypo- 
UieMS,  ss  to  leave  little  room  for  new  ones  to 
be  hiTeoted.**— firdk,  iiL  249. 

Dr.  Yonng  diows,  that  many  phenomena 
inexplicable  on  the  notion  of  ramating  oor. 
puides,  are  easily  reeondled  to  the  thMry  of 
unduhttion.  ''  On  the  whole,'*  sm  this  pro- 
found philosopher,  ^  it  appeals  that  the  few 
optical  phenomena,  which  admit  of  explana- 
tion  by  the  oorpuscnlar  system,  are  equally 
consistent  with  mis  theory ;  that  many  others 
whidi  have  been  long  known,  but  nerer  un<- 
dostood,  beoome  by  these  means  perfectly  in- 
telligible; abd  that  several  new  fiicts  are  found 
to  be  thus,  only,  reducible  to  a  perfect  ana* 
logy  with  other  ftets,  and  to  the  simple  prin- 
ciples of  the  undulatoiy  system."— i^ot.  PML 
virt.  iL  p.  031. 

That  the  new  disoovezies  on  polarised  light 
may  be  more  easfly  refened  to  the  corpuscular 
than  undnlatory  hypothesis,  has  been  too 
hastily  asserted. 

The  physical  afiections  of  lig^t  are  ibreigQ 
to  this  work.  Its  chemical  relatkniB  are  alone 
to  be  considered.  These  may  be  oooyenieatfy 
referred  to  four  heads  :— 

1.  Of  the  mean  reftactiTe  and  dispenive 
powers  of  different  bodies. 

2.  Of  the  actkm  of  the  difierent  prismatic 
cokniTs  on  chemical  matter. 

3.  Of  the  pohuiaatiiin  of  hAL 

4.  Of  the  absorption  and  &engagement  of 
ligfat,  or  phosDhoresoenoei 

I.  Newton  mat  discovered  that  certain  bodies 
exercise  on  light  a  peculiar  attractive  foroew 
When  a  ray  passes  obliquely  from  air  into 
any  transparent  liquid  or  solid  surface,  it  un- 
dergoes  at  ^trance  an  angular  flexure,  which 
IS  called  refraetiotu  The  variation  of  this  de. 
paiture  from  the  rectilineal  path  for  any  par- 
ticular substance,  depends  on  the  obliquity  of 
the  ray  to  the  refracting  surface ;  so  ttiat  the 
sine  of  the  angle  of  refraction  is  to  that  of  the 
angle  of  incidence,  in  a  constant  ratio.  Now 
Newton  found,  that  unctuous  or  inflammable 
bodies  occaoioned  a  greater  deviation  in  the 
luminous  rays  than  their  attractive  mass  or 
density  gave  reason  to  expect.  Hence  he  ooo« 
jectured,  that  both  diamond  and  water  con. 
tained  combustible  matter,>-4i  sagadous  anti* 
cipatioQ  of  future  chemieal  discovery. 

Dr.  Wollaston  invented  a  very  ingenious 
apparatus,  in  whidi,  by  means  of  a  rectangular 
prum  of  flint  glass,  the  index  of  reflection  of 
each  substance  is  read  off  at  once  by  a  vernier, 
the  three  sides  of  a  moveable  triangle  perform, 
ing  the  operations  of  reduction,  in  a  very 
AMnpendious  manner.— PA«/.  Traiu,  1802,  or 
NichoUon**  Journal^  8vo.  voL  iv.  p.  80. 

But  transparent  media  occasion  not  merdy 
A  certain  flexure  of  the  white  sunbeam,  called 
ihe  mean  rtfiuclkm^  they  lijuwise  decompose 


If  into  its  omistHafnt  eolovii.  This  cflbet  Is 
called  dUpersion.  Now  the  mean  tefiractive 
and  disposive  nowen  of  bodies  are  not  pso- 
portiooal  to  eadi  other.  In  some  refhicting 
media,  the  mean  angle  of  redaction  is  lacgc^ 
whilst  the  sngle  of  dispersian  is  smaller ;  sod 
in  other  refirsctmg  meoia,  the  mean  anfi^  of 
Reaction  is  smsBer,  whilst  the  angle  A  dis. 
penion  is  larger.  In  short,  the  knowledge  of 
the  mean  refinctive  power  of  agiven  sohatanee 
win  not  enable  us  to  determine  its  dispersive 
power,  and  vice  verta. 

From  the  refirsctive  power  of  bodies  we  may 
in  many  cases  infer  their  chemical  oonstitatioo. 
For  discovering  the  pun^  of  essoitisl  oOs,  aa 
eacsmination  with  lit,  WoDaston^sinstrament 
noay  be  of  consideraUe  utili^,  on  account  of 
the  smalhiess  of  the  quanti^  requisite  fir 
triaL  **  In  oil  of  doves,  for  instance,  I  have 
met  with  a  wide  difference.  The  refractive 
power  of  genuine  oil  of  doves  is  aa  big^  as 
1*635 ;  but  I  luive  also  pnrdiased  oil  by  thb 
name  which  did  not  exceed  1-498,  and  which 
had  probably  been  adulterated  by  some  less 
refractive  oiL'*  This  fins  idea,  suggested  by 
Dr.  WoUastoo,  has  been  luqppily  prosecuted 
by  M.  Biot,  with  regard  to  gsseous  ooD^Mwnds. 
I  shall  first  give  gemsial  tables  of  the  refractive 
and  dispersive  powers  of  difierent  bodies,  and 
then  make  some  lemaiks  on  their  chemical 
^plicatianst— 


Index  of  Riftactkn. 

A  vacuum. 

100000 

Atmospheric  «r,  (mean). 

1.00033 

Ice, 

W. 

1^1000 

Ice,                               Brewster^ 

1-90700 

Water,                  > 

1336 

Vitreous  humour,  i  Cryolite,  B. 

1.S44 

Ether, 

VFoL 

1-358 

Albumen, 

W. 

I.3W 

Alcohol, 

w. 

1-370 

Saturated  solut.  of  salt,    Gavallo, 

1-375 

Solution  of  sal  ammoniac, 

1-382 

Nitricadd,  8p.gr.  1-48, 

w. 

1-410 

Fluor  spar. 

w. 

1-433 

Sulphuric  spar. 

w. 

1435 

Spermaceti,  mdted. 

w. 

1-446 

Crystalline  lens  of  an  ox. 

w. 

1-447 

w. 

1-457 

Tallow  mdted. 

w. 

1460 

Borax, 

c 

1-467 

Oflofhivcoder, 

w. 

1467 

c 

(1469) 

Oil  of  peppermint, 

w. 

1-468 

OilofoUves, 

w. 

1-469 

Oil  of  almonds. 

w. 

1-470 

Oil  of  turpentine,  rectified. 

w. 

1-470 

Do.                  common, 

w. 

1476 

Essence  of  lemon, 

w. 

1-476 

Butter,  cold. 

w. 

1.480 

Linseed  oil. 

w. 

1-485 

Camphor, 

w. 

1487 

Iceland  spar,  weakest  refr. 

W- 

1-488 

Do.            strongs  do^ 

w. 

(1-657) 
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Tallow.eold, 
Sulphate  of  potash. 
Oil  of  nutmeg, 
French  plate-glass, 
English  plate-glass, 
OO  of  amber, 
Balsam  of  capiTi, 
Chim-arabic, 
Dutch  platiCglsss, 
Caoutchouc, 
Nitie, 
Sdenite, 

Crown-glass,  oommoD, 
Canada  balsam, 
CeDtzeoftheoystalline  offish, 
anddiyoystalline  of  an  ox. 
Pitch, 

KaddUft  crown-glass, 
Anime, 
Copd, 
OilofcloTes, 
White  wax,  cold,    * 


Index  of  Reftactlon. 
W.      1-49 


W.  1-496 

W.  1-497 

W.  1-600 

W.  1604 


W. 
W. 
W. 
W. 


1-505 
1507 
1-514 
1-617 


W.  1-524 

C.  1-624 

W.  1626 

W.  1-526 

W.  1528 

[W.  1-630 

W.  1633 


W. 

W. 


1-536 
1636 


W.      1636 


W. 


w. 

W- 

w. 
w. 
w. 
w. 
w. 
a 
w. 
w. 
w. 
w. 


Mastic, 

Aiseniate  of  potash. 

Sugar,  after  nislon. 

Spermaceti,  cold, 

Hed  sealing-wax, 

Oilofsassafias, 

Bees-wax, 

Boxwood, 

Colophony, 

QUI  {date-glass, 

Rotk  crjmtal,  (double). 

Amber, 

Opium, 
Ifica, 

fliosplioras, 
Hora, 

Flint-glass, 

Bensofai,  W. 

Omdacam,  W. 

Balsam  of  Tdu,  W- 

SsOpbateof  barytes,  (doable  B.)W. 
leeUod  iqpar,  (strangest),  W. 

Chim  dn^jon,  W. 

Carburet  of  sulphur,  Br. 

White  sapphire,  W. 

Muriate  of  antimony,  Tariable,  W. 
Arsenic,  (a  good  test),  W. 

Spfodle  ruby,  W. 

Jargon,  W. 

Glass  of  antimony,  W. 

Native  sulphur,  W- 

Do.  Brewster, 

Plumbago,  W. 

Phosphorus,  Brewster^ 

Diamond,       Newton,  by  Dr.  W; 

Do.  Rochon, 

Rai%;ar,  Brewster, 

Chromate  of  kad,  (least  reft.)*  ^o* 

Do.  (gveitest  refr.),    do. 


1-636 
1.642 

1-643 
1.646 
1-647 
1647 
(1-666) 


1.583 
1-586 

1-596 
1600 
1-646 
1667 

1-680 
1-768 

1-811 
1-812 
1960 
1980 
2-040 
2116 

2-224 

2-440 
2-766 
2-510 
2-479 
2-926 


TABLE  Ih—Reft^acHng  Powert  qf  Oatif 
Jbr  the  temperature  ofZTf'  F.  andfreeture 
30,  hy  MM*  B\oi  and  Arago, 


Atmospheric  air 
Oxygen 
Azote     • 


Ammonia 
Carbonic  add 
Snbcarburetted  hydrogen 
Muriatic  add  gas 


1-00000 
0-86161 
1.03408 
6.61436 
246861 
100476 
2-09270 
M9626 


The  fdllowmg  table  of  the  refracUve  powers 
of  gases  at  the  same  tempexature  and  pressure, 
that  of  air  being  taken  at  unity,  is  given  by 
M.  Dulong: 


Atmospheric  air 
Oxygen 
Hydrogen 
Aaote    • 
Chlorine 
Oxide  of  aiote 
Nitrous  gas 
Muriatic  add 
Oxide  of  carbon 
Carbonic  add    - 


defiant  gas 
Gas  of  marshes 
Muriatic  ether  * 
Hydroqranic  add 
Ammonia 
Oxi-chloro-carbonic 
Sulphuretted  hydrogen 
Sulphurous  add 
Sulohuric  ether 
Cartraret  of  sulphur 


*•*'»'        Sub-phosphurct. hydrogen  2682 


etive  power. 

Density. 

1. 

1. 

0-924 

11026 

0470 

0-0686 

1-020 

0-9760 

2-623 

247 

1710 

1-527 

1-030 

1039 

1627 

1-254 

1-167 

0-972 

1.626 

1-524 

2-832 

1-818 

2-302 

0-980 

1-604 

0-559 

3-720 

2-234 

1-631 

0944 

1-309 

0591 

3-936 

3-442 

2187 

1-178 

2-260 

2-247 

6197 

2-680 

6110 

2-644 

2-682 

1-256 

Am.  de  Chim,  et  de  Phy$.  xxxi.  16a 

TABLE  III DUperrive  Powert. 

Cryolite,  Brewster,        0022 

Fluor  spar,  do.  0-022 

Water,  do.  0-036 

Diamond,  do.  04)38 

FUnt-gkss.  (highest),  do.  0-052 

CsiburetofsuljAur,  do.  0-115 

Phosphorus,  do.  0128 

Sulphur,  do.  0130 

OU  of  cassia,  do.  0139 

Realgar,  do.  0-265 

ChTomateQflead,(leastrefr.)do.  0-262 

Do.  (greatest  refr.)  do.  0-400 

Carburet  of  sulphur  exceeds  all  fluid  bodies 
in  refinctive  power,  surpassing  even  flint-glass, 
topax,  and  tourmaline ;  and  in  dispcSrsiye  power 
it  exceeds  every  fluid  substance,  except  oil  of 
cassia,  holding  an  intermediate  place  between 
phosphorus  and  balsam  of  Toln. 

Dr.  Brewster  has  further  shown,  that  all 
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doaUy  icAidiBg  oTstaUhsve  two  dSipaiife 
poven. 

Fnm  Tabk  IL  it  appeaB  that  the  lefimc- 
tive  power  of  hirdrogeo  gas  greatly  surpasaes 
not  only  that  or  the  other  gaaea,  bat  of  all 
known  bodiea.  This  principle  exists  in  great 
abundance  in  resina,.  oila,  and  gaoas,  when 
it  is  united  to  carbon  and  oxygen;  and  we 
nnui  probably  ascnbe  toit  the  eminent  refrac- 
tive power  of  these  oombustibles,  so  justly  ob- 
aened  by  Newton.  This  effect  of  hydrogen 
is  findy  displayed  in  ammonia,  whose  refrac- 
tive power  IS  more  than  double  that  of  air; 
sod  much  supedor  to  that  of  water. 

But  siaoe  eveiy  substance  ought  to  intro. 
duos  into  its  combinatiotts  its  peculiar  cha- 
racter,  and  preserve  in  them  to  a  certain  de- 
gree the  force  with  which  it  acts  on  light,  let 
us  endeavour  to  calculate,  in  this  point  of  view, 
the  refractive  influence  of  the  oonstituents  of 
a  compound.  From  our  knowledge  of  the  ex- 
treme tenuity  of  light,  it  is  probable,  that  the 
influence  of  a  moderate  chemical  condensation 
ought  to  sffect  its  opcntions  vexy  slightly; 
for  whether  it  be  an  ether  or  a  corpuscular 
emanation,  the  excessive  minuteness  of  its  par- 
ticles, compsred  to  the  distances  between  the 
molecules  of  bodies,  ought  to  render  the  change 
of  distance  among  the  latter  nmmportant 
Consequently,  the  refracting  powers  or  bodies 
ought  to  differ  very  little  from  those  of  their 
elements,  unless  a  very  great  degree  of  con- 
densation has  taken  place. 

Hence,  if  we  multiply  the  proportions  of 
azote  and  oxygen  respectively,  by  dieir  refrac- 
tive powers,  we  shall  obtain  products,  whose 
sums  will  coincide  with  the  refractive  power 
of  the  atmosphere.  Thus,  100  parts  by  weight 
of  die  atmosphere,  consist  of  azote  7777  + 
oxygen  22-22.  If  we  multiply  each  of  these 
numbers  by  the  number  representing  the  re- 
fractive  power  of  the  body,  and  making  a  small 
correction  for  the  carbonic  acid  present,  we 
shall  have  for  the  sum  of  the  producte  10000. 

Ammonia,  however,  furnishes  a  more  in- 
teresting example  of  the  application  of  these 
principles. 

The  refractive  power  of  hydro- 
gen is,  6*61436 
ofasote,  103408 
of  ammonia,    2' 16651 

Let  X  be  the  weight  of  the  oonstitnent, 
whose  refractive  power  is  a 

y  =:  100  —  j:  =  that  whose  power  is  h 

and  call  the  refractive  power  of  the 

compound  c 

Then  x  =  ^  "^   .      In    the   present    case, 

216851  — 1-03408  . -^  . 
^  =6^1436- 1-03408  ="-^'^ 
100  ~  X  =  0-797  =  the  azote  in  100  parts  of 
ammonia ;  which  may  be  regarded  as  an  ap- 
proximation.  The  true  proportums  given  by 
the  equivalent  ratios  are^  0>823  azote  -f  0*177 


hydrogen.  If  fiie  refractive  power  of  ammooii 
were  2-021S,  then  the  chemical  and  oplial 
analysis  would  coincide. 

If  we  calculate,  on  the  above  data,  wfatt 
ought  to  be  the  refractive  power  of  water,  m 
a  compound  of  8  parts  of  oxygen  -|-  1  \ijit> 
gen,  we  shall  obtain  the  number  L.d006S, 
which  being  multiplied  b^  0.45902^  the  abas- 
lute  refractive  power  of  air,  when  we  take  tkc 
density  of  water  fbr  unity,  we  shall  have  s 
product  =  0.67984.  Now,  according  to  Ner- 
ton*s  estimate,  which  M.  Biot  has  found  to  be 
exact,  die  refractive  power  of  water  is  07845. 
Hence  we  see,  that  the  compound  ba0  aoqniied 
an  increased  refractive  force  by  eondeoaadaB, 
above  the  mean  of  its  cona^tuentSy  in  tbe  atiB 
of  100  to  86|. 

Rays  (tf  Ught,  in  travernng  the  grealar 
number  of  crystallized  bodies,  aie  eoBUDODly 
split  into  two  pencils;  one  of  wUcb,  caBed 
the  ordinary  ray,  follows  the  oomnMn  laws  of 
refraction,  agreeably  to  the  preoedm^  taUe^ 
whilst  the  omer,  called  the  extraordinxy  lay, 
obejrs  veiy  different  laws.  This  phenomenoa 
is  luoduced  in  all  transparent  crystals^  wfaoae 
primitive  form  is  neither  a  cube  nor  a  icgulK 
octohedron.  The  division  of  the  beam  is 
greater  or  less,  according  to  the  nature  of  the 
crystal,  and  the  direction  in  wUch  it  ia  cot. 
But  of  all  known  substances,  tiiat  winch  pao- 
duces  this  phenomenon  in  the  most  ennfftic 
manner  is  the  ihomboidal  carbonate  of  fime^ 
commonly  called  island  spar. 

II.  Of  the  action  of  die  different  cokmrtd 
X3i.jt,  Ifthe  white  sunbeam,  admitted  throng 
a  small  hole  of  a  window-shutter  into  a  da;^ 
ened  room,  be  made  to  pass  through  a  trian- 
gular prism  of  glass,  it  will  be  divided  into  a 
number  of  spl^did  colours,  which  may  be 
thrown  upon  a  sheet  of  paper.  Newton  aaoer- 
tained,  that  if  diis  coloured  image,  or  spectrvm 
as  it  is  oJled,  be  divided  into  360  parts, 
the  red  will  occupy  45,  the  orange  27«  the 
yellow  48,  (he  green  60,  the  blue  60,  the 
indigo  40,  and  the  violet  80.  The  red  laya 
being  least  bent  by  the  prism  from  the  direetkMi 
of  the  white  beam,  are  aaid  to  belestreliacted» 
or  the  least  refrangible ;  while  the  fiolet  rays 
being  always  at  the  other  extreaadty  of  the 
spectram,  are  called  the  most  reftegiUe.  Ac* 
cording  to  Db  Wollaston,  when  the  beam  of 
light  is  only  1.20th  of  an  indi  broad,  and 
received  by  the  eye  at  the  distanos  of  10  feel 
through  a  dear  prism  of  flint  glass,  only  fbar 
colours  appear,  red,  yellowish-gTeen,  blue,  and 
violet. 

If  the  difFcarendy  coloured  luya  of  li^t  thus 
separated  by  the  prism  be  concentred  on  one 
spot  by  a  lois,  they  will  reproduce  colanrieas 
light  Newton  asciftea  the  difikent  colonn 
of  bodies,  to  their  power  of  absorbing  all  the 
primitive  coloois  exccmt  the  peculiar  one  which 
they  reflect,  and  of  whidi  cokiur  diey  thenlve 
appear  to  our  eye. 

According  to  Sir  WiUiam«  Herschcl,  the 
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'  oolflviTCd  nyt  poiMw  wtsj  ^HnfartBt 
poiren  of  iUrnnimiloii.  The  lightest  green, 
at  deepest  yellaw,  whidi  are  near  the  centre, 
thxow  more  li^t  on  a  printed  pace  than  any 
of  the  rm  towards  either  side  of  the  spectrum. 
Shr  H.  Davy  remarks,  that  aa  there  ore  more 
j^eenimysin  a  giTco  part  oftfae  spectrum  than 
blue  rays,  die  diff^Kneeof  flhmiSnating  power 
may  depend  on  this  cheomstance.  The  rays 
ae^aiatod  by  one  prism  are  not  capable  of 
bcinff  further  divided  by  being  passed  through 
aaomer ;  and  in  their  rdations  to  double  re^ 
fraction  and  reflection  ther  appear  to  agree 
with  dfirect  l%ht.  An  object  illuminated  by 
any  of  the  rays  in  the  spectrum  is  seen  double 
through  island  crystal,  hi  the  same  manner  as 
If  it  had  been  visible  by  white  light 

Under  Caloaic,  we  have  stated  the  power 
of  heating  which  the  diiikent  coloured  rays  of 
the  spectrum  apparently  possess.  Sir  R  En* 
ffeAadf  and  11  Benrd,  confirmed  the  results 
of  Sir  W.  Hersdid,  with  regard  to  the  pro. 
gressive  increase  of  csloriflc  influence  iVom  the 
violet,  to  the  red  extremitr  of  the  spectrum ; 
and  they  also  fbund  with  him,  that  a  calorific 
iaflneoce  extended  bcjond  the  limit  of  the  red 
light,  into  the  uniflnminatfd  space.  M. 
Rnard,  however,  observed,  that  the  maximum 
of  effiset  was  in  the  l%ht,  and  not  beyond  it 
This  ingenious  philosopher  made  a  pencil  of 
the  sunlwam  pass  across  a  prism  of  island  spar. 
The  division  of  the  rays  formed  two  tptctra^ 
which  presented  the  some  properties  with  the 
afaigle  spectrum.  Both  posseMed  the  calorific 
▼Iruie  in  the  same  manner  and  degree.  M. 
Beraid  polarized  a  beam  of  light  by  reflection 
ftiMn  a  mirror;  and  he  found  that  in  all  the 

dtlons  in  which  light  ceased  to  be  reflected, 
;  also  ceased  to  i^ear.  The  thermometer 
in  the  fbens  of  the  apparatus  was  no  longer 
alBected.  Thus  we  see,  that  the  obscure  heat- 
ouiking  principle  accompanies  the  luminous 
paitides,  and  obeys  the  same  laws  of  action. 

If  die  white  Itma  cornea^  die  muriate  of 
diver  moistened,  be  exposed  to  the  diflVrent 
rays  in  die  prismatic  spectrum,  it  will  be 
ISsond,  that  no  effect  is  produced  upon  it  in 
the  least  refrangible  rays,  whidi  occasion  heat 
without  light ;  that  only  a  slight  disodloradon 
irill  be  occasioned  by  the  red  rays  ;  that  the 
blacfcening  power  win  be  greater  in  the  violet 
than  in  any  other  ray ;  and  that  beyond  the 
violet,  in  a  spaee  perfecUy  obscure  toour  eyes, 
the  daricfning  cfiect  will  be  manifest  on  the 
muriate. 

This  observation,  due  to  M.  Ritter  and  Dr. 
WoDaston,  proves,  that  there  are  rays  more 
idrangihle  than  die  rays  producmg  light  and 
heat  As  it  appe8^^  from  the  observations  of 
M.  BerthoQet,  diat  muriatic  add  gas  is  formed 
when  hflvn^ilver  is  blackened  by  li^t,  the 
above  rays  may  be  called  hydrogenating.  Sir 
H.  Dsvv  found,  that  a  mixture  of  chlorine 
and  hymogen  acted  more  rapidly  upon  each 
•dier,  combiniDg  without  expkwion,  when  ex- 


posed  to  the  red  ravs,  than  when  phKxd  in  the 
violet  rays ;  but  that  solution  of  chlorine  in 
water  became  solution  of  muriatic  add  most 
npidly,  when  placed  in  the  most  refrangible 
rays  in  the  spectrum.  He  also  observed,  that 
the  puce-coloured  oxide  of  lead,  when  moist- 
ened, gradually  gained  a  tint  of  red  in  the  least 
refrangible  rays,  and  at  ]a|t  became  black,  but 
was  not  afiected  in  the  mest'ftltangible  rays. 
The  same  change  was  produced  byexposmg 
it  to  a  current  ot  hydngen  gas.  The  oxide 
of  mercury  firom  calomel  and  water  of  potash, 
when  exposed  to  the  spectrum,  was  not  changed 
in  the  most  refran^le  ra3rs,  but  became  red 
in  the  least  refrangible,  wUcfa  must  have  been 
owing  to  die  absorption  of  oxygen.  The 
violet  rays  produced,  upon  moistened  red 
oxide  of  mercury,  the  same  effect  as  hydrogen 

Dr.  Wollaston  fbund,  diat  guaiac,  exposed 
to  die  violet  nys,  passed  rapidly  from  yeUow 
to  green ;  and  MM.  Qnj  Lussac  and  Thenard 
applied  to  the  same  influence  a  gaseous  mix- 
ture of  hydrogen  and  chlorine,  when  explosion 
immediately  took  place.  By  placing  small 
bits  of  card,  coated  with  moist  nom-sUver,  or 
litde  phials  of  those  mixed  gases,  in  the  dif- 
ferent parts  of  the  spectrum,  M.  Berard  veri- 
fied  the  former  oboervations  of  the  chemical 
power  acquiring  a  maximum  in  the  violet  ray, 
and  existing  even  beyond  it ;  but  be  aibo  found, 
that  by  leaving  the  testii  a  sufBdcnt  time  iu 
the  indigo  and  blue  rays,  a  perceptible  eflbct 
was  produced  upon  them.  He  concentrated 
by  a  lens  all  that  portion  of  the  spectrum  which 
extends  from  the  green  to  the  extreme  boun- 
dary of  the  violet ;  and  by  another  lens  he  col- 
lected the  other  half  of  the  spectrum,  com- 
prdiending  the  red.  The  latter  formed  the 
fbcus  of  a  white  light,  so  brilliant,  that  the 
eye  could  not  endure  it ;  yet  in  two  hours  it 
produced  no  sensible  change  on  muriate  of 
silver.  On  the  contrary,  the  focus  of  the  other 
half  of  the  spectrum,  whose  light  and  heat 
were  for  less  intense,  blackened  the  muriate 
in  ten  minutes.  The  investigations  of  De- 
loroche  enable  us,  in  some  measure,  to  reduce 
these  dissimilar  effb^ts  of  light  to  a  conunon 
prindple.    See  Caloric. 

In  Mr.  firande*8  late  Bakerian  lecture  on 
the  composidon  and  analysis  of  coal  and  oil 
cases,  this  ingenious  chemist  shows,  that  the 
ught  produced  by  these,  or  by  olefiant  gas, 
even  when  concentrated  so  as  to  produce  a 
sensible  degree  of  heat,  occasioned  no  change 
on  the  colour  of  muriate  of  silver,  nor  on  a 
mixture  of  dilorine  and  hydrogen ;  while  the 
light  emitted  by  electrized  charcoal  speedily 
a&cu  the  muriate,  causes  these  gases  to  unite 
rapidly,  and  sometimes  with  explosion.  The 
concentrated  light  of  the  moon,  like  that  of 
the  gases,  produced  no  change.  He  condudes 
with  stating,  that  he  found  the  photometer  of 
Mr.  Leslie  ineffectual.  He  employed  one 
filled  widi  the  vapour  of  ether  (renewable  from 
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a  ooluran  off  that  flnld),  wbidi  he  ftwnd  to  be 

more  delicftte. 

The  geneml  fwtf,  Myt  Sir  H.  Davy,  of  the 
refraction  and  efiecta  <i  the  lolaK  beam,  ofifer 
an  analoflj  to  the  agencies  of  dectridty.  In 
the  vdltaic  drcoit,  the  maximum  of  heataeema 
to  be  at  the  positive  pole,  where  the  power  of 
combining  with  oxygen  is  giyen  to  bodies,  and 
the  agency  of  rendering  bodies  inflammable  is 
exerted  at  the  opposite  surface;  and  similar 
diemical  effects  are  produced  by  negative  elec- 
tricity, and  by  the  most  refrangible  nya  of  the 
solar  beam.  In  general,  in  nature,  the  effecta 
of  the  solar  rays  are  very  compounded. 
Healthy  yegetatbn  depends  upon  the  {ve- 
scnce  of  the  solar  beams,  or  of  light ;  and 
whilst  the  heat  gives  fluidity  and  mobility  to 
the  vegetsble  ji2ces»  chemical  effects  likewise 
are  occasioned,  oxygen  is  separated  from  them, 
and  inflammable  compounds  formed.  Plants 
deprived  of  light  become  white,  and  contain 
an  excess  of  saccharine  and  aqueous  partidcs  $ 
and  flowen  owe  the  variety  of  their  hues  to 
the  influence  of  the  solar  beams.  Even  ani- 
mals  reouire  the  presence  of  the  rays  of  the 
sun,  and  their  colours  seem  materially  to  de- 
pend upon  the  chemical  influence  ii  these 
lays ;  a  comparison  between  the  jwlar  and  tro- 
pical animao,  and  between  the  parts  of  their 
bodies  exposed  and  those  not  exposed  to  light, 
shows  the  correctness  of  this  opinion. 

The  frkct  that  a  needle  might  be  maonetiied 
by  exposing  it  to  the  violet  ray  of  the  solar 
spectrum,  originally  announced  by  Professor 
Morichini  of  Rome,  verified  by  Professor  Con- 
figliachi  at  Pavia,  and  M.  fierard  at  Mont- 
pelllor,  has  been  lately  demonstrated  in  a  very 
able  manner  by  BIra.  Mary  SommerviUe. 

An  equiangulsr  prism  of  flint  ^ass  being 
placed  in  an  aperture  in  a  window-shutter,  a 
sewing  needle  about  an  inch  long,  which  had 
been  previously  ascertsined  to  be  devoid  of 
magnetism  by  its  attracting  indifferently  ehl^jor 
pole  of  a  magnetized  nerale,  (also  a  sewing 
needle,  thrust  through  a  cork  in  whidi  a  glass 
cap  was  inserted,  and  suspended  on  the  point  of 
another  needle)  was  exposed  to  the  violet  ray 
of  the  spectrum,  thrown  on  a  pannel,  at  the 
distance  of  about  five  feet  One  half  of  the 
needle  was  covered  with  paper,  as  the  author 
did  not  deem  it  likely  that  polari^  would 
ensue  from  the  action  c^  the  light,  if  tne  whoLe 
of  the  needle  were  uniformly  exposed  to  its 
influence.  In  about  two  hours  ibe  needle  be- 
came magnetized,  the  exposed  end  bdng  found 
to  be  the  north  pole.  The  expetiment having 
been  many  times  repeated  with  the  violet  ray, 
and  always  with  success,  the  blue  and  green 
rays  of  the  spectrum  were  next  ascertained  to 
produce  a  similar  effect,  but  in  a  less  dq^ree, 
and  the  indigo  m  nearly  in  as  great  a  degree 
as  the  violet  The  yellow,  orange,  and  rod 
rajrs  had  no  effect  wmitever  on  the  needle  ex- 
posed to  them,  even  when  tlie  experiments 
were  continued  for  three  successive  oays ;  nor 


was  any  majMiiwi  dswhped  by  i 
rays,  wnidi  showed  that  heat  hard  no  afaaae  i» 
causing  the  results.  It  was  fimnd  to  be  mw 
neccsaaiy  to  darken  the  room.  Noedka  ex* 
posed  half  covered,  with  blue  and  gncn  glasw, 
or  with  blue  and  oreen  ribsBda,  the  •chcr  half 
beii^  covered  with  paper,  hecaiw  maipMliBed 
by  being  hong  np  in  tfie  sun  for  a  day.  Tiis 
exposed  end  became  the  north  pole.  Arigbi 
annshinels  requisite.    PML  TrmiM.  1828. 

III.  foUxrvMiiim  ofLigkl. 

This  new  branch  of  optioBi  sdenee  i 
from  the  faigennity  off  Mahis.  It 
since  cultivated  diiefly  by  MM.  An^n, 
Fiesnel,  and  Biot  in  Fiance,  and  by  Dr. 
Brewster  in  this  khigdooi.  I  am  happy  to 
obaerve,  that  Mr.  Hersehel  haa  lately  cntercd 
the  lists  under  very  fiivourabls  auapifleau 

If  a  solar  ray  fUl  on  the  antodor  aaifrMe  of 
an  unsUvered  mittor  pbte,  making  an  aaa^ 
with  it  of  36*  26^,  the  ray  wiU  be  lefleotad  in 
a  right  line,  so  that  the  an{^  of  reflecHott  Witt 
be  equal  to  the  an^  off  inddsnesb  In  any 
point  <^  its  reflected  path,  receive  it  on  I 
plane  of  similar  ^aas,  it  will  Buffer  in  i 
a  second  partial  reflectiaii.  Butthisi 
will  vanish,  or  become  null,  if  the  second  pUte 
of  glass  form  an  angle  of  35"*  36'  with  die 
first  reflected  ray,  and  at  the  aame  time  be 
turned,  so  that  the  second  reflection  is  made  in 
a  plane  perpendicular  to  that  in  which  diefint 
reflectkm  takes  place.  For  the  sake  off  illiia. 
tration,  siqppoae  that  the  plane  of  incidence 
of  the  ray  en  the  first  glass  coincides  with  the 
plsne  of  the  meridian,  and  that  the  reflected 
ray  is  vertical  t  Then,  if  we  make  the  seosnd 
inclined  plate  revolve,  it  wiU  tom  around  dw 
reflected  ray,  fonning  always  with  it  the  aaae 
angle ;  and  the  plane  in  which  the  aeooiid  le- 
flection  takes  plaoe  will  neceaaarily  be  directed 
towards  the  different  points  of  the  boeixon,  in 
different  azimuths.  This  being  airanged^  die 
following  phenomena  will  be  observed. 

When  the  second  pbne  off  reflection  is 
directed  in  the  meridian,  and  consequently 
coincides  with  the  first,  the  intensity  off  the 
light  reflected  by  the  second  gbna  ia  at  its 


In  proportion  as  the  second  plane,  in  ita 
revolution,  deviates  from  its  paraWeliam  with  - 
the  first,  the  intensity  of  the  lefladed  light 
will  diminish. 

Finallv,  when  the  second  nUne  of  reflectian 
is  placed  In  the  prime  vertical,  that  is,  eaat 
and  west,  and  consequently  perpendicHkv  to 
the  first,  ^  intensity  of  the  reflection  offlight 
is  absolutely  null  on  the  two  suifocea  of  the 
second  gjlass,  and  the  ray  is  entirely  tnna- 
mitted. 

Preserving  the  second  plaU  at  the  same  in- 
cL'nation  to  ttie  horizon,  if  we  continue  to  make 
it  revolve  beyond  the  quadrant  now  described, 
the  phenomena  wiU  be  reproduced  hi  the  in. 
vesse  order ;  that  is,  the  inteasity  of  the  Ijgiit 
will  increase,  precisely  as  it  dimhiished,  and  it 
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iti^ptl^Uuptli 

oMtMidweM.  Heooe, when  the  tecandpfame 
of  icflectkm  ictnnisiinoeiiiore  to  tbemoidiaii, 
a  Moood  nuixhinim  of  intmlty  equal  to  the 


From  theie  experincDti  U  sppean,  that  the 
Kj  leflaeled  by  the  fint  glaM  k  not  leBeeted 
by  the  lesoBd,  under  tfaiiinddcDes,  when  it  is 
preMotedto  it  br  ila  eeit  end  west  sides;  but 
that  ic  is  lefleeted,  at  least  in  part,  when  it  is 
presented  to  the  s^acs  by  any  two  others  of  its 
opposileaides.  Miw  ifweranrdtheray  ssao 
Inftiitely  npid  sneecssion  of  a  series  of  lamU 
no«s  particles,  the  hem  of  the  my  sra  merely 
the  sueeessife  £m»s  of  these  partides.  We 
most  henee  oondude,  that  these  particles  pes- 
scaa  fiices  endowed  with  diflbrent  phyncal 
properties,  and  that  in  the  pKaent  cirami. 
atanee,  the  first  nflection  has  tamed  towaids 
the  same  sides  of  spaee  similar  ftces»  oribces 
equally  endowed  at  least  with  the  property 
under  eensidtTstion  It  is  this  anangement 
of  its  uokenles  which  Mains  named  the  jNrfo* 
riMoHom  of  Ught^  aismdkting  thsefiect  of  the 
first  obss  to  that  of  a  ma^ede  bar,  wbleh 
wvoldtorn  »  series  of  magnetic  needles,  an  m 
die  same  dizeetion. 

Hidierto  we  have  supposed  that  the  lay, 
iHiedier  inddent  or  rcflectied,  foimed  with  the 
two  minor  plates  an  angle  of  36o2d^;  for  it  is 
only  under  this  angle  that  the  phenomenon  is 
complete.  Without  dianging  the  incfinaiioa 
of  the  r»T  to  the  first  plate,  if  we  vary  nerer 
so  little  the  insillnation  of  the  seoond,  the  in- 
toisity  of  the  reflected  light  is  no  longer  null 
in  any  aamuth,  but  it  becomes  the  feeblest 
possible  in  the  prime  Tertlcal  in  whidi  it  was 
nmnerly  nuO. 

Similar  phenomena  may  be  pvodnoed,  by 
sttbstitnting  for  the  miiror  glasses  polished 
plates,  formed  for  the  greater  part  of  transpa- 
rent bodiee»  The  two  planes  of  reflection  must 
always  remain  rectmgnhtf,  but  tfaqr  nnist  be 
presented  to  the  luminous  ray  at  different  an- 
glea,  aeooiding  to  their  nature.  Generally  all 
polished  surflMSS  have  the  property  of  thus 
pelarising,  more  or  less  completely,  the  light 
which  they  reflect  under  certain  incidences ; 
but  there  is  for  each  of  them  a  pMrticular  in- 
cidcnee,  in  which  the  polarization  it  impresses 
is  most  complete;  and  for  a  great  many  it 
amounts  to  tne  whole  of  the  reflected  lisht 

When  a  fay  of  lig^t  has  recdved  pdlariza- 
tion  in  a  cotain  direction,  by  the  processes 
now  described,  it  carries  with  it  this  property 
into  space,  preserving  it  without  perceptible 
alteration,  when  we  make  it  traverse  peipen. 
dicnlaily  a  considerable  mam  of  air,  water,  or 
any  substance  possessed  of  single  reflraction. 
But  the  substances  whidi  exerdse  double  re- 
ftaodon,  in  general  alter  the  polarization  of  the 
ray,  and  apparently  in  a  sudden  manner,  and 
communicate  to  it  a  new  polarization  of  the 
same  nature^  but  In  another  direction.  It  is 
only  in  cer^  directions  of  the  principal  sec- 


tion, that  the  ray  can  escape  this  disturbing 
fixcfr 

In  the  PhiL  Taaa.  for  1813,  we  have  the 
flrst  of  a  series  of  very  inteiestingpapers  on 
polarised  light  by  Dr.  Brewster.  Thisrdates 
duefiy  to  some  curious  properties  of  agate. 
The  nbte  of  agate  which  he  employed  was 
bounded  by  parallel  faces,  was  about  the  fif« 
teenth  of  an  inch  thick,  and  was  cut  into  a 
plane,  perpendicuUiT  to  the  lamins  of  whidi  it 
WW  composed.  When  the  fanage  of  a  taper 
reflected  ftom  water  at  an  an^e  of  62o  46^,  so 
as  to  acquire  the  property  discovered  by  Midus, 
was  viewed  through  the  pbte  of  agate,  so  as 
to  have  its  lamina  parallel  to  thepUme  of  re- 
flection, the  flame  appeared  perfectly  distinct ; 
but  iR^ien  die  agate  was  turned  round,  so  that 
its  lamina  became  perpendicular  to  the  plane 
of  reflection,  the  light  which  fonned  the  image 
of  die  taper  sufiered  total  reflection,  and  not 
one  n^  of  it  penetrated  die  Mate.  If  a  ray 
of  lig^t  incident  upon  one  pbte  of  agate  is 
recdved,  alter  transmisdon,  upon  another 
plate  of  the  same  substance,  having  its  lamina 
parallel  to  diose  of  the  former,  the  light  will 
find  an  easy  passage  through  tne  second  plate ; 
but  if  the  second  plate  has  its  lamina  perpen- 
dicular to  those  of  the  first,  die  light  will  be 
wholly  reflected,  and  the  luminous  object  will 
ceaae  to  be  viable. 

In  a  second  important  communication,  in 
1814,  on  the  afiections  of  light  transmitted 
throuffh  crystalliied  bodies,  after  suggesting 
that  tne  culdvation  of  this  department  of  phy- 
sics may  enable  us  to  explain  the  forms  and 
structure  of  crystdliied  bodies,  a  prediction 
which  he  hhnself  has  since  happily  fulfilled, 
the  Doctor  states,  that  if  die  light  pobviied 
by  agate  is  incident  at  a  pardcular  angle  upon 
any  traiuparent  body,  so  that  the  plane  ofre- 
flection  is  perpendicular  to  the  lamina  of  the 
agate,  it  will  experience  a  total  refraction  ;  if 
it  is  transmitted  through  another  plate  of 
agate,  having  ito  lamina  at  right  angles  to 
those  of  the  plate  by  which  the  light  is  no. 
larized,  it  will  sufier  totsl  refieetUm  ;  and  tf  it 
is  examined  by  a  prism  of  Iceland  crystal, 
turned  round  in  the  hand  of  the  observer,  it 
win  vanish  and  reappear  in  every  quadrant  of 
its  drcuUr  modon.  The  pencil  of  rays  to 
which  diis  remarkable  property  is  communi* 
cated,  is  surrounded  by  a  luge  mass  of  nebu- 
lous light,  which  extends  about  7<*  3(K  in 
length,  and  1«  7'  in  breaddi,  on  each  ude  of 
the  bright  inoage.  This  nebulous  light  never 
vanished  with  the  bright  image  which  it  en- 
closed,  but  was  obviously  affected  widi  ita  dif. 
ferent  dianges,  increasing  in  maonitude  as  the 
bright  image  dhninished,  and  mminishin^  as 
the  bright  image  regained  ita  lustre.  Li^t 
polarised  by  the  agate,  or  by  anv  other  means, 
is  depobtfized,  or  pardy  restored  to  its  origbial 
state,  by  bdng  transmitted  in  a  particuUff  di. 
recdon  through  a  plate  of  mica,  or  any  other 
crystallized  body. 


toe  difierent  foims  of  tenvstrud  utttet.  But 
we  learn  firom  scziptare,  that  light  pre<«xisted 
before  this  lumiiuurjr,  and  that  its  subsequent 
condeDsstioo  in  his  orb  wbs  a  particular  act  of 
almighty  power.  The  phosphorescence  of  mi* 
nends,  buried  sfaioe  the  origin  of  things  in  the 
bowels  of  the  earth,  coinddes  strictly  with  die 
Mosaie  account  of  the  creation.  We  shall 
therefore  regard  lighti  the  first-born  element  of 
chaos,  as  an  independent  e8sence»  univerudly 
distributed  through  the  mineral,  Tegetable,  and 
aninud  worid,  capable  of  bdng  ditenesged 
firom  its  latent  state  by  varioas  natnru  and 
artificial  openttions.    These  are, 

1.  Friction. 

Ta  this  head  bdAog  electrical  lig^t,  and 
that  evolved  from  the  attrition  of  pieces  of 
quarts,  even  under  water. 

2.  Condensation  and  expansion.  If  atmo- 
spheric air  or  oxygen  be  suddenly  compressed 
in  a  glass  syringe,  or  if  a  glass  bidl,  filled  with 
the  latter,  be  suddenly  broke  in  vaeuo^  a  flash 
of  light  is  instantl]^  perceived. 

8.  Heat  If  air  which  has  been  healed  up 
to  900»  of  Fahrenheit,  and  which  is  in  itself 


coal  and  phosphorus  is  shown,  m  the  article 
CoMBUBTiov,  to  be  merely  the  ignitkn  of 
the  soUd  pMtides  of  these  bodisa.  At  a  oer- 
tam  detadoQ  of  tempecatuxe,  about  800* 
Fahr.  aQ  solid  bodies  begin  to  give  oat  fij^c. 
The  same  eflfect  is  produced  in  vacno  by  ttaos- 
Diitting  voltaic  electricity  throng  a  metallic 
wirSi  To  this  section  we  must  also  ntet  the 
phosphorescenoe  of  minenis.  This  cnrions 
phenomenon  seems  to  have  been  fist  described 
by  BenvenutD  CdUnS,  in  his  Treatise  on  Jewel. 
lay,  published  near  the  beginning  of  the  16(h 
century.  In  the  year  166,  Bfr.  Boyle  eb- 
served,  that  diamond,  when  iBghtly  heated, 
mbbed,  or  compressed  ^  emitted  a  light  almiwt 
equal  to  tfurt  of  the  glow-worm.  The  most 
oomplete  aeooimt  whrai  we  have  of  miBoai 
phosphoreioence,  is  that  recendy  gncn  by  Dr. 
Brewster  in  the  first  volume  of  the  Edinbiargli 
FhiL  JoumaL  His  method  of  exaniinaiioo 
was  ingenious  and  aocunfte.  Ht  never  reduced 
the  body  to  powder,  but  placed  a  fragment  of 
it  upon  a  thick  mass  of  hot  iron,  or,  inddicste 
experiments,  introduced  it  into  die  bottom  ef 
a  pistol  band,  heated  a  Htde  1 


ThefiSowing  Table  pnaeutt  M$  RetuUs : 


Names  of  the  Minerals. 


Colour  of  the  Minerals. 


Cokmr  and  ia&ensitr  of  i 
Light. 


Fluor  spar. 


Compact  fluor, 
Sandy  fluor. 
Calcareous  spar, 

Limestone  from  north  of  Ireland, 

Phosphate  of  lime, 

Arragonite, 

Carbonate  of  barytes, 

Harmdtome, 

Dipyre, 

Grammadte  from  Glendlt, 

■ Cornwall, 

Topaz,  Aberdeenshire, 

,  Brazilian, 

,  New  Holland, 

Rubellite, 
Sulphate  of  lime, 
.  barytes. 


strootitcSy 


Sulphate  of  lead, 
Anhydrite, 
Sodalite, 
Bitter  spar. 
Red  silver  ore, 
Barystrontianite, 


Pink, 

Purple, 

Bluish.white, 

Yellowish, 

White, 

Yellow, 

Transparent, 

Pink, 

Dirty  white. 
Whitish, 
Colourless, 
White, 


Blue, 

Ydlow, 

White, 

Reddish, 

YeEowiiii, 

Yellow, 

Slate  colour. 

Bluish, 

Transparent, 

Reddish, 

Dark  green. 

Yellowish, 

Red, 

White 


Green, 

Bluish, 

Blue, 

Fine  green. 

White  sparks, 

Yellow, 

Yellowish, 

Yellowish-red, 

Yellow, 

Reddish-yellow, 

Pale  white, 

Reddish-yeDow, 

Specks  of  light, 

Ydlow. 

Bluish, 

Bluish, 

Faint  yellowish. 

Bluish, 

Scarlet, 

Faint  li^ht. 

Pale  light. 

Pale  light, 

A  firagment  shone  pretty 

bright, 
Faint  and  by  fits. 
Faint  light. 
Pretty  bri^t, 
Funt  white. 

Pretty  bria|ht»  but  flitting. 
Faint, 


TmBOiitey 

YeUow, 
Whitisb, 

Bright  white, 
Reddish-yellow, 

M'wm, 

Oreenidi, 

Whitifih, 

K 

White  specks, 
Pretty  bright, 
Feeble  specks, 
YeHowkh, 

i.  ibuuiioi  ssocla 

Black, 

Hamseone, 

£j?^'. 

Table  ipsr,  Dognatska, 

WhitiA, 

Yellowish, 

Lapis  laculi. 

Blue, 

Faint, 

Spodiuncne, 
Titamtgy 

Greenisn, 
Reddish, 

Faint, 
Extremely  fkint. 

Gyaoite^ 

YeHowish-white, 

Bluish, 

Calamine^ 

Brown, 

Faint, 

Aughe, 

Gxeen, 

Pretty  bright, 

Peodite, 

Rcddbh  tinge, 

Pretty  bright, 

I>atbolite, 

Ttanspazent, 

Bright, 

Cenitidiuiiy 

BrowD, 

Brieht, 
Re£lish-yellow, 

Anataac^ 

Dark, 

Tungitateofliiiie, 

yenowiBh-white, 

Brilt  like  a  burning  coal 

Quartt,                            1 

Very  faint, 

Amethjat, 

Faint, 

Obaicliao, 

Meaotype  fiom  Anveigne, 
Glaaiy  actinolite, 
Raby  silrer. 

* 

these  nine  minerala  was 
observed   in   the  pbtol 
baml* 

Pretty  bright ;  dizty  blue 
Very  faint, 
litde  specks. 
Rather  bright. 

Muiialeof  sUver, 

Blue, 

Carbonate  of  copper, 

Very  faint, 

Gieentdeaie,                   J 

Pale  blue,  &  pretty  brigh 

The  phosphorescence  of  anatase  is  entirely 
different  from  that  of  the  other  minerals.  It 
i4>pesrs  suddenly  like  a  flame,  and  is  soon 
over.  Br.  Brewster  found,  in  opposition  to 
what  Mr.  Wedgewood  had  stated,  that  expo- 
nue  of  green  fluor  spar  to  the  heat  of  a  com- 
mon fire  in  a  cnidble  for  half  an  hour,  en- 
tirdy  deprived  it  of  phorohoresoence.  Though 
he  placed  one  fragment  for  several  days  in  me 
heuns  of  a  summer  sun,  and  even  exposed  it 
to  the  bright  light  near  the  focus  of  a  burning 
glass,  he  could  not  succeed  in  obtaining  from 
it  the  slighteat  indication  of  pho^horesoence. 
The  light  emitted  ih  combustion  bdoius  to 
the  iune  head.  The  pho^horic  light  of  mi- 
nerals  has  the  same  properties  as  the  direct 
Kght  of  the  sun,  according  to  Dr.  Brewster. 

4.  Light  emitted  from  bodies  in  eonseqnence 
of  die  actbn  of  extraneous  light  To  this 
■action  we  refer  solar  phosphori.  The  most 
powerful  of  these  is  the  artihcial  compound  of 
Canton.  If  we  mix  three  parts  of  calcined 
oywter  shells  in  powder,  with  one  of  flowers  of 
<|uphar,  and  ramming  the  mixture  into  a  cm- 
^^  igikite  it  for  half  an  hour,  we  shaU  find, 
^^  the  bright  parts  will,  on  exposure  to  the 
sanbcim,  or  to  the  common  day-light,  or  to 
an  electrical  explosion,  acquire  the  faculty  of 
Hi&ing  in  the  dark,  so  as  to  illuminate  the 


dial  of  a  watch,  and  make  its  figures  legil 
It  wiQ,  indeed,  after  a  while  cease  to  £i 
but  if  we  keep  the  powder  in  a  well  corl 
phial,  a  new  exposure  to  the  sunbeam  will 
store  the  luminescence.  Oyster  shells,  stn 
fied  with  sulphur,  in  a  crucible,  and  ignit 
yield  a  more  powerful  phosphorescent .  si 
stance  than  the  powder.  It  also  must  be  k. 
in  a  close  phiaL  When  the  electric  dischai 
is  Oansmilted  along  the  surfaces  of  cert 
bodies,  or  a  little  above  them,  a  somewl 
durable  phosphoresoenoe  is  occasioned,  whi 
probably  bdonga  to  this  division. 


Sulphate  of  barytes  giv 

Carbonate, 

Acetate  of  potash, 

Succfaiie  acid. 

Loaf  sugar, 

Selenite, 

Rock-crystal, 

Quarts, 

Borax, 

Boracicadd, 


s  a  bright  green  ligl 
ditto,  less  brilliant, 
brilliant  green  light 
ditto,  more  durable, 
ditto, 

ditto,  but  transient, 
red,  and  then  white, 
dull  white  light, 
faint  green  lUt, 
bri^t  green  B^t 


Mr.  Skrlmshire  has  given  an  extensiv  i 
catalogue  of  such  substances  in  Nicholson'  i 
Journal,  8vo.  volumes  16,  16,  and  19.  H  i 
shows  that  Canton's  pyrophocus  yields  mor  i 


from  Colly  Wttton,  Northamptonshire,  which 
effhrvesced  With  adds,  gives  a  beautiful  effect. 
When  the  explosion  of  a  jar  is  taken  above 
the  centre  of  a  piece  some  inches  square,  not 
only  the  part  above  the  dischaig^g  rods  is 
luminous,  but  the  surface  of  the  mate  appears 
bespangled,  with  very  minute  bruliant  points, 
to  some  distance  from  its  centre ;  and  whso 
the  points  of  the  dischargers  rest  upon  the 
surface  of  the  slate,  these  minute  spangles 
are  detached  and  scattered  about  the  table  in 
a  luminous  state. 

I>obereiner  states,  (hat  a  splendid  phenome- 
turn  of  light  during  crystallization  was  observed 
by  M.  Buchner,  ol  Magonza,  during  the  subli. 
matioQ  of  benzoic  add,  previously  mixed  with 
pulverised  carbon.  The  sublimation  was  car- 
-  ried  on  in  a  taU  ^ass  cylinder  upon  a  stove, 
and  when  it  had  well  begun  there  appeared  an 
uninterrupted  succession  of  sparks,  continuing 
for  half  an  hour,  and  which  ceased  only  when 
the  cylinder  was  removed  from  the  stove. 

Doberdner  states,  that  he  has  reason  to  be- 
lieve  that  those  salts  which  contain  no  water 
of  crystallization  are  especially  powerful  in 
producing  light  during  their  crystallization. — 
Ghnu  di  Futco,  viL  470. 

6.  Light  emitted  during  chemical  changes, 
independent  of  heat,  or  in  which  no  perceptible 
heat  is  devdoped.  The  substances  from  which 
such  light  is  emitted  are  prindpally  the  fol- 
lowing:-^ 

Marine  animals,  boA  in  a  living  state,  and 
when  deprived  of  life.  As  instances  of  the 
first  may  be  mentioned,  the  shdl-fish  called 
jiholat,  the  medtua  photphorea,  and  various 
other  moUtucee.  Wnsn  deprived  of  life,  ma- 
rine iishes,  in  eeneral,  seem  to  abound  with 
this  kind  of  li^t.  The  flesh  of  quadrupeds 
ftUo  evolves  light  In  the  class  of  insects 
are  many  which  emit  light  very  copiously, 
partknlatly  several  spedes  oifulgora^  or  Ian. 
tern-fly ;  and  of  lampyris<t  or  glow-worm ; 
also  the  acolopendra  electrical  and  a  spedes  d 
end}  called  cancer  fitlgens*  Rotten  wood  is 
wdl  known  to  evolve  light  copiously,  as  well 


.  Hulme,  in  an  daborate  dissertation  on 
this  light,  published  in  the  Phil.  Trans,  for 
1790,  establishes  the  following  hnportant  pro- 
podtions:— * 

1.  The  quantity  of  light  emitted  by  dead 
animal  substances  is  not  in  proportkm  to  the 
degree  of  putrefVictioo  in  them,  as  is  commonly 
supposed;  but,  on  the  contiary,  the  sreater 
Uie  putrescence,  the  less  light  is  evolv^  It 
would  seem,  that  this  dement,  endowed  with 
pre-eminent  elastidty,  is  the  first  to  escape 
from  the  condensed  state  of  combination  in 
which  it  had  been  imprisoned  by  the  powers  of 
life;  and  is  followed,  after  some  time,  by  the 


fishes,  from  which  it  may  be  separated  by  a 
peculiar  process,  retained  and  rendered  per- 
manent n>r  some  time.  A  solution  of  I  part 
of  sulphate  of  magnesia  in  8  of  water,  is  the 
most  convenient  menstruum  for  extracting, 
retaining,  and  increasing  the  brilliancv  of  this 
light.  Sulphate  and  muriate  of  soda,  also, 
answer  in  a  proper  state  of  dilution  with  water. 
When  any  of  the  saline  solutions  is  too  con- 
centrated, the  light  disappears,  but  instantly 
bursts  forth  again  from  absolute  darkneaa, 
by  dilution  with  water.  I  have  frequcDdy 
xuade  this  curious  experiment  with  tlie  I^t 
procured  from  whiting.  Common  water,  Imie 
water,  fennented  liquors,  adds  even  very 
dilute,  alkaline  leys,  and  many  other  bodies, 
permanently  extinguish  this  spontaneous  UghL 
Boiling  water  destroys  it,  but  cnngfUrion 
merely  suspends  its  ochibition;  for  it  rei^ 
pears  on  liquefaction.  A  gentle  heat  increaao 
the  vividnos  of  the  phenomenon,  but  lesBens 
its  duration. 

We  shall  condude  the  subject  of  li^t  mth 
the  ibllowing  important  practical  net  and 
practical  problem. 

1.  Count  Rumford  has  shown  that  the 
quanUty  of  light  emitted  by  a  given  portian 
of  inflammable  matter  in  combustion,  is  pro. 
portional  in  some  high  ratio  to  the  elevation 
of  temperature ;  and  Uiat  a  lamp  having  many 
wicks  very  near  each  other,  so  as  mutually  to . 
increase  their  heat,  bums  with  infinitdy  more 
brilliancy  than  the  Aigand*s  lamps  in  common 
use. 

2.  To  measure  the  proportional  intensities 
of  two  or  more  lights.  Place  them  a  few 
indies  asunder,  and  at  the  distance  of  a  few 
feet  or  yards  from  a  screen  of  white  paper,  or 
a  white  walL  On  holding  a  small  card  near 
the  waU,  two  shadows  will  be  projected  on  it, 
the  darker  one  by  the  interception  of  the 
brighter  light,  and  the  lighter  shadow  by  die 
interception  of  the  duller  light.  Bring  the 
fainter  light  nearer  to  the  cara,  or  remove  the 
brighter  one  further  from  it,  till  bodi  shadows 
acquire  the  same  intensity;  which  the  eye  cm 
judge  of  with  great  precision,  particularly  from 
the  conterminous  shadows  at  the  aisles. 
Measure  now  the  distances  of  the  two  lights 
from  the  wall  or  screen,  square  them,  and  you 
have  the  ratio  of  illnmixuition.  Thus  if  an 
Argand  flame,  and  a  candle,  stand  at  the  di- 
stance  of  10  feet,  and  4  fbet,  respecdvdy, 
when  their  shadows  are  equally  deep,  we  have 
10*  and  4*,  or  100  and  16,  or  6^  and  1,  fiv 
thdr  rebtive  quantities  of  li^t 

LIOURITE.  A  mineral^  occurring  hi 
oblique  rhombic  prinns  of  140<»  and  40*,  of 
an  apple-green  colour,  and  somedmea  specUed 
externally.  Lustre  vitranu.  Powder  grajdsh- 
white.    8pec.  gray.  3.49.    It  contains,  dlioa 


in  cdtour,  hardness,  and  ttinspsicDcy. 

LILAIilTE.    ThemineialLepidQUte. 

LIMBILITE.  A  compact  unnetal  of  a 
honey-ycBov  cobur;  scratcliing  glass,  and 
meltfaig  mlD  a  compact  black  enameL  It  is 
found  in  the  foim  of  irregular  grains  in  the 
volcanic  fain  of  Lirobouig. — Sauuure, 

LIM£.  The  oxide  of  caldrnm,  one  of  the 
ptimitiYe  earths.  This  subject  has  been  al- 
ready treated  of  under  Cakhtm, 

Tlie  moat  important  applicatinns  of  lime  sre 
to  agxiCuUuie  and  building;  on  which  subjects 
Sir  H.  Davy  has  given  some  excellent  obsem- 

ttODS. 

QuickUme  in  its  pure  state,  whether  in 
powda  or  dissolved  in  water,  is  injurious  to 
plants.  Glass  is  killed  bj  watering  it  with 
lime  water.  But  lime  in  its  state  of  oombi^ 
nation  with  carbonic  add  is  an  useftd  ingre- 
dient in  soils.  Calcareous  earth  is  fbund  in 
the  ashes  ofthegieaternumber  of  plants;  and 
exposed  to  the  air,  lime  cannot  long  continue 
caustic,  but  soon  becomes  united  to  carbonic 
aca 

Mlien  lime,  whether  fteshly  burnt  or  slack* 
ed,  is  mixed  with  any  moist  fibrous  vegetable 
matter,  there  is  a  strong  action  between  the 
lime  and  the  vegetable  matter,  and  they  form 
a  kind  of  compost  together,  of  which  a  part  is 
usually  soluble  in  water. 

By  this  kind  of  operation,  lime  renders 
matter  which  was  before  comparatively  inert, 
nutritive ;  and  as  charcoal  and  oxygen  abound 
in  an  vegetable  matteis,  it-  becomes  at  the 
Hune  time  converted  into  carbonate  of  Ume. 

Mild  lime,  powdered  limestone,  msrles,  or 
dulks,  have  no  action  of  this  kind  upon  vege. 
table  matter:  by  their  action  they  prevent  the 
too  rapid  decomposition  of  substances  already 
dinolved ;  but  diey  have  no  tendency  to  form 
■oiaUe  matters. 

It  is  obvious  ftom  these  circumstances,  that 
the  opeiation  of  quicklime,  and  marie  or  chalk, 
depends  upon  principles  sltogdther  difierent. 
Quicklime,  in  me  act  of  becoming  mild,  pre- 
pares soluble  out  of  insoluble  matter. 

It  is  upon  this  circumstance  that  the  opera- 
tion of  lime  in  the  preparation  for  wheat  crops 
^qiends ;  and  ito  efficacy  in  fertiliaing  peats, 
SI14  in  biinojng  into  a  state  of  cultivation  aU 
foih  aboniioing  in.hard  roots  or  dry  fibres,  or 
hieit  vegetable  matter. 

The  solution  ofthe  question,  whether  quick, 
lime  ought  to  be  atmlied  to  a  soil,  depends 

rthe  quantity  of  inert  vegetable  matter 
it  containa.  The  solution  of  the  ques- 
tieii,  whether  marie,  mild  lime,  or  powdered 
limestone,  ought  to  be  iq^lied,  depends  upon 
the  quantity  of  calcareous  matter  already  in 
Aesofll.    All  soils  are  improved  by  mild  lune^* 


application  of  quicklime  should  ahr 
avoided,  as  it  either  tends  to  deoomp 
soluble  matters  by  uniting  to  their  carb 
oxygen  so  as  to  become  mild  lime,  or  j 
bines  with  the  soluble  matters,  and 
eompounds  having  less  attraction  for 
tiian  the  pore  veMaUe  substaneep 

The  case  is  ue  same  with  respect  t 
animal  manures ;  but  the  opeiation  of  th 
is  difibent  in  dlfoent  cases,  and  dqiendt 
die  nature  of  the  animal  matter.    lime 
a  kind  of  huolnble  soap  with  dly  matter, 
then  gradoaUy  decomposes  them  by  sepa 
from  them  oxygen  and  carbon,    it  con 
likewise  with  the  animal  acids,  and  pro 
assists  their  decomposition  by  abstsactio) 
bonaceous  matter  from  them  combined 
oxygen;  and,  consequently,  it  must  i 
them  lees  nutritive;    It  tends  to  din 
likewise  the  nutritive  noweis  of  slbumen 
the  same  causes;  and  always  destroys, 
certain  extent,  theeffica^  of  animal  man 
either  by  combining  with  certain  of  tbei 
meats,  or  by  giving  to  them  new  am 
ments.    Lime  should  never  be  applied 
animal  manures,  unless  they  are  too  ric 
for  the  purpose  of  preventing  noxious  effl 
It  is  injurious  whm  mixed  with  any  com 
dung,  and  tends  to  render  the  extractive  i 
termsolttble. 

In  those  cases  in  whidi  ftrmentadon  is 
fill  to  produce  nutriment  from  vegetabls  t 
stances,  lime  is  always  efllcacious,  as  i 
tanners*  bark. 

The  subject  of  the  appUcatioo  of  the  nc 
nesian  limestone  is  one  of  gieat  interest 

M akinesia  has  a  much  weaker  attraction 
carbonic  acid  than  lime,  and  wiU  remaii 
the  state  of  caustic  or  calcined  magnesia 
many  months,  though  exposed  to  Uie 
And  as  long  as  any  caustic  lime  remains, 
magneaia  cannot  be  combined  with  carbc 
saa^  for  liine  instantly  attracts  cariiooic  a 
from  magnesia. 

When  a  magnesian  limestone  is  burnt, 
magnesia  is  drorived  of  carbonic  acid  mi 
sooner  than  the  lime;  .and  if  there  is  not  mv 
vegetable  or  animal  matter  in  the  sdl  to  st 
ply,  by  its  decomposition,  carbonic  add,  i 
magnesia  win  remain  for  a  long  while  in  t 
cauatic  state;  and  in  this  state  acts  as  a  pois 
to  certain  vegetables.    And  that  more  ma 
nesian  lime  may  be  used  upon  rich  sol 
seems  to  be  owing  to  the  circumstance,  th 
the  decomposition  of  the  manure  in  them  bu| 
piUes  carbonic  add.    But  magnesia  in  in  mi 
state,  i.  e>  fuUy  combined  with  carbonic  acit 
seems  to  be  always  an  ukIuI  constituent  < 
soils. 
.    The  Lixari  Dowas,/v^dch  contain  magnc 
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,  tar  «ilMrtiad  Mtt  gWM,  whSA 
Ms  theep  ftriring  emtot  nutttai;  taA 
the  cultivatfld  parts  uc  amongst  the  best  floni 
Itnds  in  the  oouatj  of  ConmOL 

It  is  ohviom,  ftom  what  has  befli  aaid, 
tet  lune  from  the  mafflwwsn  Uaammt  maj 
be  applied  in  large quanlitifis  to  peats;  and 
Ibat  whoe  kocla  have  been  injond  bj  Ae 
appliastian  of  too  large  a  quantity  of  magna* 
siao  lime»  peat  will  be  s  piopcr  and  eflSaot 
vcmedy. 

There  are  tvo  modea  in  which  line  acts  as 
k  s  in  its  oondmiation  with  water,  and 


in  iti  awnbtoatisn  with  eaibonic  add. 

When  qaicfcUme  is  rapidly  made  into  a 
paate  with  water,  it  soon  loses  its  softneas,  and 
Iho  water  and  the  lime  fiwm  together  a  solid 
ooherent  mass,  which  conaistg  of  1  part  of 
water  to  3  parts  of  lime.  When  hyamte  of 
lime,  whilst  it  is  consolidating,  is  mixed  with 
red  oxide  of  iron,  alumina,  or  nSiea,  the  mix* 
tare  becomes  hanicr,  and  nuxe  ooherent  than 
when  lime  alone  is  used ;  'and  it  appears  that 
this  ii  owing  to  a  certain  de^ne  or  chemicsl 
nttrsotion  between  hydrate  of  lime  and  these 
bodies;  and  they  render  it  leM  UaUe  to  do. 
•ompose  by  the  action  of  the  eaihonie  acid  in 
the  air,  and  less  aidnble  in  wateb 

The  basb  of  all  cmcnts  diat  aie  used  £ar 
wnfca  which  are  to  be  eeoerfld  wWt  mater^ 
«BU8t  be  fonned  ftom  hydrate  of  lime ;  and 
the  lime  made  ftom  imnuie  limestones  answers 
this  Mrpose  tcry  wdl.  Posdlana  la  com. 
posed  principally  of  silicB,  alumina,  and  oxide 
of  iron ;  and  it  is  used  mixed  whh  Ihne  to 
fom  cements  intended  te  be  employed  under 
water.  Mr.  Smoslan,  in  the  oensimcrifln  of 
<he  Eddystooe  luhtohonse,  used  a  cement 
composed  of  equalparts  by  weight  of  slacked 
]ime  and  pnsaolana.  Pusmlana  is  a  deoom* 
posed  lava.  Tanas,  which  was  finmeily  im» 
ported  in  consideBable  quantities  Cram  HoUand, 
te  a  mere  dooompoeed  basalt:  two  parts  of 
flacked  lime  and  one  part  of  tsrras  form  the 
■rine^pal  part  of  the  mortar  used  in  the  goeat 
iykm  of  Holland.  Sabstancss  which  wiU 
Answer  all  the  ends  of  piinolann  and  tanas 
Me  abundant  in  the  British  islanda.  An  cx.^ 
oellent  red  terras  may  be  proenred  in  any 
quantities  from  the  Giants^  Canaeway,  in  the 
north  of  Ireland;  and  deoompoeing  baa^  is 
nbnadant  in  many  ports  of  SootUmd,  and  in 
the  northern  diatricts  of  En^bmd  in  which 
ooal  is  found. 

Parker's  csment,  and  oements  of  the  same 
hind  made  at  the  alum  worioi  of  Lord  Dundaa 
and  Lord  Mulgrave,  are  mixtnrss  of  calcined 
Ibmiginons,  aiKpwMis,  and  alnminona  matter, 
with  hydrate  of  lime.    See  Cbmem t. 

The  ocmentt  which  act  by  oombhiing  with 
carbonic  add,  or  the  common  mortars,  are 
made  by  mixing  together  slacked  lime  and 
aand.  These  moiton  at  first  solidify  aa  by. 
drates,  and  are  slowly  converted  into  carbonate 
of  lime  hgrthe  actioa  of  the  carbonic  add  of 


the  air.  ])Ar.TeiHMit  ^ 
thia  kind,  in  thite  years  and  a 
regained  «3  per  cent,  of  the  qonntity  of 
bonic  add  gas,  whldi  censtitotes  the  i'  " 
proportion  in  oarfaonate  of  lime.  Tfaei 
of  mortar  fisom  houses  owes 
benefit  lands  prindpaHy  to  die 
Kme it oontainB,  and  the  sand  in  it;  mid  i» 
teste  of  ooheskm  sendoa  it  poiticulaily  fitsed 
te  improve  dayey  aoOs.  The  hardnfsa  of  the 
mortar  in  very  old  bnUdings,  depends  upon 
the  perfect  oonTersion  of  aU  ite  parte  into  car- 
bonate of  lime.  The  purest  hmesODBes  are 
the  best  adbpted  for  making  this  kind  of  mor» 
tar:  the msgneaian  limesteneg  make  fncrilmt 
water  eemcBts,  but  act  with  too  little  energy 
npon  fnrtwnic  add  gas  to  make  good  cuunnen 


The  Romans,  according  to  Pliny, 
their  best  mortal  a  year  bcfoee  it  wn 
so  that  it  was  partially  combined  with4 
add  gas  before  it  was  employed. 

In  burning  lime  there  are  some  ^ 
procautione  required  for  the  diflaesit  kinds  of 
mnestones.  In  general,  one  bushel  of  ooal  is 
auffident  to  make  four  or  five  bnsheia  of  lime. 
The  magnwian  limeatone  reqniiea  leaa  frid 
than  the  conunon  limestone;  In  aU  caees  te 
which  a  limestone  containing  much  aluminoas 
or  siMoeons  earth  is  burnt,  great  caie  should 
be  taken  to  pRvent  the  fire  from  becomiBg  too 
intense ;  for  oudi  lime  easily  vitrtfiea,  in  con- 
sequence of  the  sffinity  of  lime  for  silica  and 
alumina.  And  as  in  some  places  there  are 
no  other  limestones  than  each  as  contain  other 
earths,  it  is  important  to  attend  to  this  drcnm- 
stance.  A  moderately  good  Ume  may  be  made 
at  a  low  red  heat;  but  it  will  mdt  into  a  glass 
at  a  white  heat.  In  limekilns  for  buniing 
sudi  lime,  there  should  be  always  a  damper. 

In  genend,  when  limertoncs  are  not  moff- 
nesian,  their  purity  will  be  indicated  by  then 
loss  of  wei^t  in  burning;  the  more  they 
kae,  the  Is^er  is  the  quantity  of  calcareous 
natter  they  contafau  The  magnesian  lime- 
stones contain  more  carbonic  add  than  the 
common  limestones;  and  aU  of  them  loae 
more  than  half  thdr  weight  by  caidnation. 

The  most  important  oonmonnda  of  lime^ 
are  tmoted  of  under  the  difiaa 
oombustiblee. 

lilME  (CHLORIDE  OF).  Tfaei 
ing  salt  or  bleachfaig  powder  of  Mr.  Tennsnt^ 
cdled  in  commerce  Oxymuriate  of  Lunn 
The  following  account  of  this  importnt  ooa». 
pound  is  extnoted  from  a  paper  which  I  poh- 
lished  on  the  subject  in  die  Joomal  of  fictente 
and  the  Arte  for  Juty,  182& 

In  the  lessardies  wUeh  I  hm  made,  te 
many  different  times,  on  the  nature  of  the 
chloride  of  Ihne,  I  have  generally  oonght  te 
combme  the  informadon  flowfaig  fton  both 
synthesis  and  analysb;  that  is,  I  flat  con- 
verted a  known  portion  of  hydrate  of  lime 
into  blenching  powder,  and  dien  tuhjected  lUn 
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Among  tibB  weamkm  oi  i 
mcDts  &  mjr  note-book  of  1816,  I  iaai  tke 
Mkiwing:  SOOgniuofiuidiMkedqiiifiUiine, 
in  fine  powder,  fWrn  Cwfwa  dsiIms,  wuib 
czpoaed  in  a  glait  g^obe  to  s  ooptoos  ftnMn 
of  chlorme  (pravioualy  paoed  through  a  little 
oold  water)  for  fonr  days.  The  increase  of 
weight  was  noted  ham  time  to  time,  and  was 
found,  at  (he  end  of  that  period,  to  be  only 
SO  gmitts,  whieh  subeequent  examination 
•bowed  to  be  due  to  a  litde  h^draled  chloride; 
the  few  gmine  of  water  nqmsite  having  been 
deriTed  from  the  great  body  of  undried  gas 
which  had  been  transmitted.  In  Af  ay  1917, 
nnexperimoit  is  recorded,  in  which  400  grains 
of  m  hydrate  of  Geirara  hme,  eqnivalnt  to 
291.28  grains  of  dry  Ume,  were  exposed  for 
two  daja  to  a  stream  of  chlorine,  wasiied  in 
water  of  60^  and  lefnsing  to  absorb  move  gas, 
were  fi»iid  heaeicr  by  270.6  grains.  Sup. 
poemg  tbia  augmentatioo  to  be  chlorine,  we 
shall  have  the  oenposition  of  the  powdsr,  by 
the  eynthetic  mode,  as  follows : 

Odorfne,  40^84 

Drylime,      48-46  |(  ^^^^    ^^^ 


Water, 


16>20  5 


t 


This  powder  was  analysed,  by  actfaig  on  a 
ivcn  weight  of  it  with  ciilate  muriatic  acid, 
.1  a  pear-shaDed  glass  vesseL  Care  was  taken 
to  remove  the  whole  disengaged  chlorine, 
without  letting  any  liquid  escape.  The  lime 
was  converted  into  carbonate,  by  a  solution 
of  carbonate  of  ammonia.  The  followins  are 
the  results  of  two  independent  analytical  ex- 
periments : 

lit  Experiment,  ad  Ezperimeat. 
Chlorine  evolved,     4000  39-40 

Lime,  42-27  4222 

Water,  1713  18-38 
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I  have  ffeaaim  to  believe  the  second 
ment  the  more  conect  of  the  twe,sed  if  the 
synthetic  resalt  be  compared  with  it,  we  are 
led  to  infor  that  the  very  great  body  of  nndried 
chlorine  passed  ofer  (he  lime  had  deposited 
Iwo  percent  of  Water.  By  other  experiments 
I  satisfied  myself,  that  dihite  mnnatic  add 
flKpeUed  nothing  bat  pure  dilerinei  for  die 
whole  gasdnoi^iged  is  absorbed  on  agitation 
vithmercury.  It  does  not  appear  possibk  to 
sscaneile  the  above  chkrides  to  a  definite 
•tornkdmstitalion.  The  following  expoimsnte 
Vies  made  with  much  care  last  spring : 

see  giafais  of  the  attviic  pietohydrate  of 
pure  ttme  wees  put  into  a  glass  globe,  which 
was  kept  eool  Inr  immenion  in  a  body  of 
water  at  50>.  A  stream  of  chhnine,  after 
befaig  washed  hi  water  of  the  same  temperature 
in  anodMT  ghos  g^be,  eonnected  to  the  former 
by  akng oarrew  f^uu tabe,  was  passed  over 
^e  calcanoos  hydrate.    The  globe  widi  the 


Bma  wtf^lilsched  ftom  the  test  of  the  apps. 
ratoa  flum  tiDie  to  thne^  that  the  proosss  might 
be  suspended  at  soon  as  tlte  augmentation  of 
weight  esascd.  This  happened  when  die  200 
amins  of  hydrate,  eodtelnipg  lAl.O  of  Ume^ 
Sad  absorbed  130  gnhte  of  cbhffioe.  By  one 
analytical  experiment  it  was  foond,  that  di^ 
hite  muriatic  aeid  cxpeOed  from  60  grains  of 
the  ehloiide  20  grains  of  chlorine,  or  40  per 
eent. ;  and  bv  another,  ftom  40  grahw  10«2ft 
of  ffss,  which  is  40.6  per  eent  Phaa  the 
lesiduum  of  the  first,  80J  grains  of  carbonate 
of  lime  were  obtained  by  carbonate  of  am- 
monia; from  that  of  the  second,  86.0  of  Ig- 
nited muriate  d  lime.  Tlie  whole  resnlte  are 
diereftire  as  follows  X 

Synthesis.  |st  Analys.  Sd  Analyt.  Mean. 
Chlorine,  39-39  4000  40-62  40-31 
Lime,  46-00  44*74  4607  45-40 
Water,       14-60       15-26      13-31      14-26 

10000     106-00    }00-00    lOOOp 

Tboagh  the  hm  gcnsratcd  by  dhe  acrion  of 
the  dHato  add  has  carried  off  in  the  aaalyticBl 
ex]MrtBsnte  a  small  pordon  of  moismrs  wUh 
tite  chlorine,  yet  their  aecopdsaee  with  the 
^tbetic  expadment  ic  sufficisntly  good  to 
confiim  the  general  vtsato.  The  above  powder 
ai^ears  to  Inve  been  a  pure  chlotide,  whtuat 
any  mixtore  of  muriate.  But  it  exhibite  no 
atomic  oonstitatlen  in  its  proportions. 

To  200  grains  of  that  hydnte  of  lime,  80 
grains  ef  water  being  added,  the  powder  wee  . 
eub}ected  to  a  stresm  of  cMorine  in  the  above 
way,  till  saturatien  took  plaos.  Ite  increase 
of  weight  was  150  grains.  It  ought  to  be 
lemaihed,  that  in  this  and  the  preoedhig  ex« 
pertment  there  was  no  apprecfaible  pneumatic 
prenare  employed,  to  aid  (he  eondnisation  of 
thecfalorine.  In  the  last  case,  we  see  that  the 
addition  ef  20  gmins  of  water  has  enabled  the 
lime  to  lAsorb  20  grains  nere  of  ddorine^ 
befaig  altoeether  a  quan^  of  gas  nearly  equal 
to  that  of  me  drv  lime.  Thus  an  atom  of  lime 
seems  associated  widi  7-9^0  ^  •»  Atom  ef 
chlorine.  Analysis  by  muriatic  add  eonfimed 
diis  composition.    It  gave. 

Chlorine,        39-5  =z  51.8  cyblc  Inches. 
Lime, '  39.9 

Water  20-6 

100.0 

I  next  expocsd  scoie  cf  this  powder  to  heat 
m  a  email  gUw  retort,  ooaneeted  with  the 
hydra-pnenmaric  trough.  Gas  was  very  oo^ 
Mously  dieengaged,  ata  temperature  for  bdoar 
^itioo,  the  first  portions  coming  off  at  the 
heat  of  boiling  water ;  100  measures  of  the 
collected  gas  being  agitated  with  water  at  50* 
F.,  63  measures  were  absorbed,  and  the  r^ 
maining  37  measures  were  oxygen,  nearly 
pnie.  The  ■nell  of  the  first  evolved  ass  was 
that  of  chlorine,  ^fWr  which  the  odour  of 
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■taw  vwpenBhaA,  ndlMMrif  tiM  onaD 
r  eoMd,  at  d»  product  beenMComen. 


Hftvimg  tfana  it'tt*^*^**^  llie  gencnl 
I  Dov  lobjecled  to  die  mM  ttoHmait  100 
■ofAeMmepiwwiBr(thiilMtdtpbBd), 
s  adtable  mintm  ;  90  oobic  iiicliM  of 
It  vcn  obtofawd  fi«n  it,  in  a  «riei  cf  gka 
wKar  at  fiO*.    Tha 


id  potttai  waa  dilanoa^  Dcaify  _ 
bat  towaida  M  end,  when  the  hek  appraaelied 
arm  at  ignitinn, orygen  became  we  chief 
pradnct  The  naidnarj  aolid  malttf  jidded 
to  water  m  aalntioa  of  mniaiB  ef  lime,  eon* 
tuning  90  ipatait  of  die  dnr  aak, 
laaboatlSofMinB.  Bat  ttie  " 
hy  lynthciiB  and  analyat,  aeeued  to 
in  100  giains  61.8  cahic  indica  of  diloiine, 
(oaneapoDdiiig  to  26.9  of  oxygeD),  with  90.0 
of  lime.  Thus  the  folnme  of  the  evolved  gaa 
proves,  hidependent  of  other  oonsidaRStioDa, 
diats  osnsidaBble  portion  of  chlorine  came 
ofi^  without  dislodging  the  oxygen  from  the 
cakinm;  and  as  in  sabaeqiicnt  ezperimcnta 
this  volmne  waa  fiiond  to  vaiy  widi  the  abengtfa 
of  the  powder,  and  the  mode  of  heating  it, 
Aos  melhod  of  analytiB  beoomea  altogether 
nngatary  and  defaisive.  The  tralh  of  dua 
conchiaioa  win  atia  farther  appear  on  reflecU 
ing,  Aat  an  nnceitain  portion  of  chlorine  is 
oondanaed  hi  the  water  of  the  tno^  and  that 
most  ptobafaly  s  Utile  eochkrine  ia  fomed  at 
the  period  inun  the  gaaeoaa  prodoct  paasea 
fiom  ddflrine  to  oxygen.  Thus,  of  the  90.9 
^ams  of  lime  present  m  the  chloride,  84.9 
aeem  to  hurt  merely  parted  with  their  dilo- 
nae^  while  the  other  16  loat  their  oxygen, 
equivalent  to  18f  cabiciBdie8,or44lgiauiB, 
'  and  the  lemahiing  10-7  of  caldnm  oombined 
with  19^  of  chlorine,  to  cooatimte  the  90 
gmins  of  ignited  muriate  of  lime.  Bat  19-8 
grains  of  chkrine  ftnn  36*3  cubic  inches; 
hence  61-8  — 26-3  =3M  is  the  Tolume  of 
ddmine  disengaged  by  the  heat,  to  wliieh,  if 
we  add  13f  cubic  indies  of  oxygen,  the  sum 
39- 16  is  the  balk  of  gaa  that  should  have  been 
received.  The  deficiency  of  9.16  cubic  inches 
is  to  be  ascribed  to  absorption  of  dilorine  (and 
perhaps  of  euchlorine),  by  the  water  of  the 
pueumatic  trough.  In  the  above  case,  aboat 
one-half  of  the  total  chlorine  came  off  in  gas, 
and  the  other  half  combined  with  the  basis  of 
^e  lime,  to  the  exdusion  of  its  oxjgen.  I 
have  observed,  that  the  proportion  of  chlorine 
to  that  of  oxygen  given  off  by  heat,  incnasea, 
aaone  may  namralfyimaguie,  with  the  strength 
of  the  bleaching  powder.  When  it  is  very 
weaUy  hnpr^gnated  wtdi  chlorine,  as  ii  the 
caae  with  some  commercial  sampkB,  then  the 
evolved  gaa  consists  in  a  gnat  measoie  of 
oxygen. 

Cfihe  Moftujbeture  cfBleacMng  Pcfwder, 
A  great  variety  of  i^iparatas  has  been  at 


esmbinatlDa  of  ddorine  widi  dadmd  ome,  ftr 
tiie  ptuposes  of  commeros;  One  of  too  most 
ingmions  finis  waa  that  of  a  ^linder,  or 
oarrei,  iwriiBinwi  wnn  narrow  wontwii  aneries 
witUn,  and  aoanended  on  a  hollow  ana,  by 
which  die  chlorine  waa  admitted,  and  loeind 
wfaidi  me  band  waa  made  to  revolvQ^  By 
this  mode  of  i^tation,  the  lirae.dnat  bcii^ 
emwiaed  on  the  most  extensiTe  BuiiaBg,  war 
speedily  impregnated  with  the  gaa  to  ^  le. 
musite degree*  8adi  amechanion  I  aaivat 
JIM*  Oberkamf  and  Widmer's  oelelanfed 
fiMqme  ie  toOes  pd«f»,  at  Joily,  hi  181& 
Bat  thia  is  a  costly  refinement, ! 
en  the  laigest  sesle  of  British 
The  aimpkat,  and  in  my  opimoli  the  besti 
oonstmctian  tor  snbfecting  fame  povoer  to 
ddorine,  is  a  laiae  chambtf  fkf^  or  nme  feet 
hi^boflt  of  siUeeoos  sandatone,  hatvhigilie 
joints  of  me  maaoniy  secured  vrith  n  cement 
composed  of  pitdi,  losin,  and  diy  gypoun  in 
equal  partk  A  door  ia  fitted  into  it  at  one 
end,  which  can  be  made  air-ti^  hj  atiipes 
of  doth  and  day  Inte.  A  vrindow  in  cadi 
aide  enables  the  operator  to  jndge  how  tiie 
impNgnatian  goes  on  by  the  odour  of  the  air, 
and  abo  gives  li^t  fbr  making  the 
ments  whlun  at  the  commencement 
prooees.  As  water4utes  are  inocmparaMy 
superior  to  all  othen,  where  the  pneumatic 
pressure  is  small,  I  woRild  reoommoid  « laige 
valve,  or  door,  on  thia  principle,  to  be  made  m 
die  roof,  and  two  tunnds  of  oondderafale  width 
atthebottomofeach  side  wan.  Thethieeoovers 
could  be  nmultaneousl^  hfled  off  by  cords 
passing  over  a  pulley,  without  the  necessity  of 
the  workmen  i^proadiing  the  ddeterioos  gas, 
when  theapartment  is  to  be  opened.  A  great 
number  of  wooden  ehdves,  or  rather  trayi, 
eight  or  ten  feet  long,  two  fbet  broad,  and  one 
inch  deep,  are  provided  to  reedve  the  aifted 
decked  lime,  containing  genenl^  about  two 
atoms  of  lime  to  3  of  water.  These  didvcs 
are  piled  one  over  anodier  in  the  chamber,  to 
the  hdgfat  of  five  or  aix  fiM,  cnaa4)ars  below 
eadi  keeping  them  about  an  indi  asunder, 
diat  the  gas  may  have  fiee  room  to  cfrenlate 
over  the  surihce  of  die  calcareous  hydrate. 

The  alembics  for  generating  the  ddorine, 
which  sre  usually  nearly  apheriod,  are  in 
aome  cases  made  entatdy  of  lead,  in  odien, 
of  two  hemispheres  joined  togetlier  in  die 


of  die 


middle,  the  upper  hemisphere  beiiw  lea 
tiie  under  one  csst^iran.  The  fint  kind  of 
alembic  is  cndoaed  nv  twivdiirda  Irom  its 
bottom  in  a  leaden  or  iron  caae,.  the  interval 
of  two  mdieB  between  the  two  bemg  deatined 
to  iccdve  steam  fiom  on  adjoining  boiler. 
Those  which  consist  bdow  of  cssi-iraBi  have 
dieir  bottom  direedy  exposed  to  a  very  i 
fire ;  round  the  outer  edge  of  the  iron  1 
sphere  a  aroove  is  cast,  into  whidi  the  under 
edge  of  the  leaden  bemii^ihcR  fits,  the  jonit 
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iMing  qwdnrpd  air-dgbt  hj  Bamm  ov  palmt 
cement*.  In  thU  Ifaden  dome  there  an  four 
apertxiren,  each  secaied  by  m  water  Juie.  The 
firat  opening  is  about  ten  or  twelve  inches 
square,  «nd  is  shut  with  a  leaden  valve,  with 
incurvatc4  edges,  that  fit  in  the  water-channel 
at  the  margin  of  the  hole.  It  is  destined  for 
tlie  adiuiasioiD  of  a  worlmian  to  rectify  aoj 
derangement  in  the  apparatus  of  rotation,  or 
to  detach  haid  concretions  of  salt  from  the 
bottom.  The  aeoond  aperture  is  in  the  centre 
of  the  top«  Here  a  tube  of  lead  is  fixed,  which 
descends  nearly  to  the  bottom,  and  down 
through  whkh  the  vertical  axis  passes,  to 
whose  Ipwer  end  the  cross  bars  of  iron  or  of 
wood,  sheathed  with  lead,  are  attached,  by 
whoae  involution  the  materials  receive  tbie 
proper  a^tatioa  for  mixing  the  dense  man- 
gaoese  wu  h  the  sulphuric  aod  and  salt  The 
motioo  in  communicated  either  by  the  hand 
of  a  worknum  applied  from  time  to  time  to  a 
winch  at  top,  or  it  i:)  given  by  connecting  the 
axis  with  wheel  work,  impelled  by  a  stream 
of  water,  or  a  steam-engine.  The  third  open- 
ing admita  the  syphon-formed  funnel,  through 
which  the  sulphuric  acid  is  intioduoed  and 
the  foiinh  is  the  orifice  of  the  eduction  pipe. 

Manufacturers  differ  much  firom  each  other 
in  the  proportion  of  theur  materials  for  gene- 
radng  chlodne.  In  general,  10  cwt.  of  salt 
are  mixed  iirith  from  10  to  14  cwt  of  man- 
ganese;  to  which  mixture,  after  its  introduc- 
tion into  the  alembic,  from  12  to  14  of  sul- 
furic add  are  added  in  successive  nortions. 
That  quantity  of  oil  of  vitriol  must,  however, 
be  prevkMisly  diluted  with  water,  till  its  spe- 
cific gravity  becomes  about  1.65.  But,  indeed, 
this  dilution  is  seldom  actually  made,  for  the 
Qumufacturer  of  bleacbins  powder  nlmost  al- 
ways prepares  his  own.siuphuric  add  for  the 
purpose,  and  therefore  carries  its  ooncentradoa 
no  hkher  in  the  leaden  boilers  than  the  density, 
of  1%,  which,  from  my  table  of  sulphuric 
acid,  indicates  I-4th  of  its  weight  of  water, 
and  thoefore  1.3d  moie  of  such  add  must  be 
used. 

The  fourth  aperture,  I  have  said,  admits  the 
eduction  pipe.  This  pipe  is  afterwards  con- 
veyed into  a  leaden  chest,  or  cylinder,  in 
which  an  the  other  eduction  pipes  also  ter- 
minate. 'They  are  connected  with  it  simply 
by  wata-lutes,  having  a  hydrostatic  pressure 
of  2  or  3  inches.  In  tins  general  divertorium 
the  chlorine  is  washed  from  adhering  muriatio 
acid,  by  passing  through  a  litUe  water,  in 
which  each  tube  is  immersed,  and  from  this 
the  gas  is  led  off  by  a  pretty  brge  leaden  tube^ 
i^io  the  cQfnbinatwn  room*  It  usually  enters 
I-  -  ■     -        ■ 

*  A  mixture  of  lime,  day,  and  oxide  of 
iron,  separatdy  caldned,  and  reduced  to  a  fine 
powder.  It  must  be  kept  in  dose  vessels,  and 
xnixed  with  the  g^vmie  water  when  used. 


in  the  tpp  of  the  ceQing,  whence  it  difiuMi  it* 
heavy  gas  equally  around. 

Four  days  are  required,  at  the  ordinary 
rate  of  working,  for  making  good  marketable 
bleachmg  powder.  A  more  rapid  fonnation 
would  merely  endanger  an  elevation  of  tenu 
pemtnie,  producdve  of  muriate  of  lime,  at  the 
expense  i^the  bleaching  quality.  But  skilful 
manu&cturers  use  here  an  alternating  prooesa* 
They  pile  up,  first  of  all,  the  woo&n  trays 
only  in  alternate  shdves  in  each  column^  At 
the  end  of  two  days  the  dittlllation  is  inter- 
mitted, and  the  chamher  is  laid  open.  After 
two  hours  the  workman  enters,  to  introduce 
the  alternate  trays  covered  with  fresh  hydrate 
of  lime,  and  at  the  same  time  rakes  up  tho- 
roughly the  half.formed  chloride  in  the  others. 
The  dooK  is  then  secured,  and  the  chamber, 
after  being  filled  for  two  days  more  with 
chlorine,  is  again  opened,  to  allow  the  first  set 
of  trays  to  be  removed,  and  to  be  wplaoed  by 
others  containing  fresh  hydrate,  as  before. 
Thus  the  process  is  conducted  in  reguUur 
alternation;  thus,  to  my  knowledge,  veiy 
superior  bleaching  powder  is  manufactured, 
and  thus  the  chlorine  may  be  suffered  to  enter 
in  a  pretty  uniform  stream.  But  for  this 
judidous  plan,  as  the  hydrate  advances  in 
impregnation,  its  faculty  of  absorption  be- 
coming  diminished,  it  would  b^  requisite  to 
diminish  proportionatdy  the  evolution  of  chlo- 
rine, or  to  allow  the  excess  to  escape,  to  the 
great  loss  of  the  proprietor,  and,  what  is  of 
more  consequence,  to  the  great  detriment  of 
the  health. of  the  workmen. 

The  manofac^turer  generally  reckons  on 
obtaining  from  one  ton  of  rock-salt,  employed 
as  above,  a  ton  and  a  half  of  good  bleaching 
powder.  But  the  following  analysis  o£  the 
operation  will  show,  that  he  ought  to  obtain 
two  tons. 

Sdenoe  has  done  only  half  her  duty,  when 
she  describes  the  best  apparatus  and  manipu- 
lations of  a  process.  The  nuueimum  produce 
should  be  also  demonstrated,  in  order  to  show 
the  manufacturer  the  perfection  which  he  should 
strive  to  reach*  with  the  minimum  expense  of 
time,  labour,  and  materials.  For  this  end  I 
uistituted  the  following  researches  :— >I  first 
examined  fresh  commercial  specimens  of 
bleaching  powder ;  100  grains  of  these  afforded 
from  20  to  28  grains  of  chlorine.  This  is  the 
widest  range  of  result,  and  it  is  undoubtedly 
considerable ;  the  first  bdng  to  the  second*  as 
100  to  71.  The  first  yielded,  by  saturadon 
with  muriatic  acid,  82  grains  of  chloride  of 
caldum,  equivalent  to  about  41  of  lime;  it 
contained  besides  26  per  cent,  of  water,  and  a 
very  litde  common  muriate  ready  formed.  On 
heating  such  powder  in  a  glass  apparatus,  it 
yidd^  at  first  a  litde  chlorine,  and  then  oxygen 
tolerably  pure.  The  bulk  of  chlorine  did  not 
exceed  one-tenth  of  the  whole  gaseous  product. 
Of  the  rccendy  prq>ared  powder  of  another 
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\  100  gnins  were  found  to  ghre^ 
byaolutioD  in  add,  23  grains  of  chlorine,  and 
there  lenudned,  after  erapoimtaoD  and  gepUe 
ignitkio,  92  grains  of  muriate  of  lime,  equiva- 
lent to  about  46  of  lime.  Snppoaing  tfaia 
Elder  to  have  been  neady  free  mm  muriate, 
d  the  manufiictnien  are  anxiooB  to  prevent 
ddiqueacent  tendency  which  this  intio. 
duces),  we  should  have  its  composition  at 
ftDows:— 


S-5 
atom  3-5  X  2  =  7-0 


Chlorine,    23 
Lime,         46  < 
Water,       31 

100 


This  powder  being  weD  triturated  with 
difTcient  quantities  of  water  at  60*,  yielded 
filtoed  solutions  of  the  following  densities  at 
the  same  temperature : 

Sp.gr. 
05  water  +  5  bleaching  powder,  1-0246 
90  +10  14M70 

80  +20  1-0840 

The  powder  left  on  the  filter,  even  of  the 
second  experiment,  contained  a  notable  quan- 
tity of  chlorine,  so  Ihat  the  chloride  is  but 
8|Muring1y  soluble  in  water;  nor  could  I  ever 
observe  that  paititioD  occasioned  by  water  in 
the  dements  of  the  powder,  of  which  Mr. 
Dalton  and  M.  Welter  speak.  Of  the  solution 
80+20, 500  grains,  apparently  corresponding 
to  100  gnuns  of  powder,  gave  off,  by  saturation 
with  muriatic  aad,  19  grains  of  chlorine,  and 
the  liquid,  after  evaporation  and  ignition, 
afforded  41-8  grains  of  chloride  of  calcium, 
equivalent  to  21  of  lime.  Here  4  per  cent,  of 
chlorine  seem  to  have  remained  in  the  un- 
dissolved calcareous  powder,  which  indeed, 
on  examination,  yielded  about  that  quantity. 
But  the  dissolved  chloride  of  lime  consbted 
of  19  chlorine  to  21  lime ;  or  of  4-5  atoms 
of  the  former,  to  slmost  exactly  5  (which 
is  no  atomic  proportion)  of  the  latter.  The 
two-thirds  of  a  grain  of  lime  existing  in  lime 
water,  in  tlie  five  hundred  mins  of  solu. 
tion,  will  make  no  essentiid  alteration  on 
the  statement  Now,  the  above  bkac^ing 
powder  must  have  contained  very  little  muriate 
of  lime,  for  it  was  not  deliquescent  Being 
thus  convinced,  both  by  examining  the  pure 
diloride  of  my  own  preparation,  as  well  as 
that  of  commerce,  that  no  atomic  relations  are 
to  be  observed  in  its  constitution,  for  reasons 
already  assigned,  I  ceased  to  prosecute  any 
more  researdies  in  that  direction. 

MHien  we  are  desirous  of  learning  minutely 
the  proportion  between  the  chloride  and  mu- 
riate of  lime  in  bleaching  powder,  pure  vine- 
gar may  be  used  as  5ke  saturating  acid. 
Having  thus  expelled  the  chlorine,  we  eva- 
porate to  dryness,  and  ignite,  when  die  acetate 
of  lime  vrill  become  carbonate,  which  will  be 


separated  ftom  theoiignial  muriate  by  lolutiflB 
and  filtration. 

I  have  found,  on  trial,  the  method  by 
carbonic  acid  to  be  exceedin^y  slow  and 
unsatisfactory.  After  passing  a  corroit  of 
this  gas  for  a  whole  day  through  the  chloride 
difiiised  in  tepid  water,  I  found '  the  liquid 
still  to  possess  the  power  of  disdiarging  the 
colour  very  readily  ftom  litmus  paper.  But 
^e  doctrine  of  equivalents  furnishes  a  very 
elegant  theorem  with  acetic  add,  whose  eon- 
veniency  and  accuracy  in  applkatioD  I  hafe 
verified  by  experiment  An  apparently  com- 
plex, and  very  important  problem  of  practical 
chemistry,  is  thus  brought  within  the  reach  of 
die  ordinsry  manufocturer.  Since  oonunm 
fonnented  vinegsr  is  permitted  by  law  to  con- 
tain a  portion  <?  sulphuric  acid,  which  avaiice 
often  leads  the  retailer  to  increase,  we  osanot 
employ  it  in  the  present  researdi.  But  straw 
vinegar  prepared  from  molignoos  add,  such 
as  Siat  with  whidi  Messrs.  TumbuD  and 
Ramsay  have  long  supplied  the  London 
market,  being  entudy  tree  ftom  sulphuric 
add,  is  well  adapted  to  our  purpose.  With 
such  add,  contained  in  a  poised  phial,  fuBy 
saturate  a  given  weight  (say  100  grains)  of 
die  bleaching  powder,  contained  in  a  small 
glass  matrass,  applying  a  gentle  heat  at  last, 
with  inclination  of  the  mouth  of  the  vessel,  to 
expd  die  adhering  chlorine.  Note  die  loas  of 
weight  due  to  the  disengsgement  of  the  gas. 
(If  carbonic  acid  be  suspected  to  be  present, 
the  gas  may  be  recdved  over  mercury.) 
Evaporate  the  solution,  consisting  of  acetate 
and  muriate  of  lime,  to  drynes[^  by  a  rewulated 
heat,  and  note  the  wdgfat  of  the  mixed  saline 
mass.  Then  calcine  ttds,  at  a  very  gendered 
heat,  till  the  acetic  add  be  ;dl  deramposed. 
Note  die  loss  of  weight  We  have  now  all  the 
data  requisite  for  determining  the  propartion 
of  the  constituents  without  solution,  filtration, 
or  predpitation  by  reagents. 

Pboblex  I.^-To  find  the  lime  originaDy 
asBoriated  with  die  chlorine,  or  at  lust  mot 
combined  with  muriatic  sdd,  and  therefore 
oonverted  into  an  acetate.  Rule. — Subtract 
ftom  the  above  loss  of  weight  its  twenty-fifth 
part,  the  remainder  is  the  quantity  c^  lime 
taken  up  by  the  vinenr. 

Problem  II. — ^To  find  the  quandty  of 
muriate  of  lime  in  the  bleaching  powder. 
Buk, — Multiply  the  sbove  loss  of  weight  by 
l*7t  the  product  is  the  quandty  of  carbonate 
of  lime  in  the  caldned  powder,  whidi  being 
subtracted  ftom  the  total  wdght  of  the  resi- 
duum, the  renuunder  is  of  course  the  muriate 
of  lime.  We  know  now  the  proportion  of 
chlorine,  lime,  and  muriate  of  lime,  in  100 
parts ;  the  defidency  is  the  water  existing  in 
die  bleaching  powder.  Thus,  for  example, 
I  found  100  grains  of  a  commercial  chloride 
some  time  kept,  to  give  off  21  grains  of  dilo. 
rine,  by  solution  in  dilute  acedc  add.  Tho 
solution  was  eviqiorated  to  dryness :  of  ssUne 


present,  uocombined  with  muriatic  add.  And 
41-3  X  1-7=  70-2  =  the  carbonate  of  lime  in 
the  rendtuuy  84-3  grains  of  calcined  salts. 
Therefore,  84-3  —  70-2  =:  141  =  muriate  of 
lime.  Now,  by  dissolving  out  the  muriate  of 
lime,  and  evaporating,  I  got  14  grains  of  it, 
and  the  lemaimng  carbonate  was  70-3  grains. 
Heooe  this  powder  consisted  of  chlorine  21, 
lime  39*65,  muriate  of  lime  14»  and  water 
86-35  =  100. 

Sulphate  of  indigo,  largely  diluted  with 
water,  has  been  long  used  tor  valuing  the 
blanrliing  power  of  chloride  of  lime ;  and  it 
afibida,  no  doubt,  a  good  comparative  test, 
thougli  from  the  variableness  of  indigo  it  can 
fonn  no  absolute  standard.  Thus  I  have 
fijund  3  parts  of  indigo,  from  the  East  Indies, 
to  sstmrate  as  much  bleaching  powder  as  4 
parts  <^  good  Spanish  indigo. 

M.  Welter's  method  is  the  following :_ 
He  prepared  a  solution  of  indigo  in  sulphuric 
acid,  which  he  diluted,  «o  that  the  indigo 
tanned  ^it^  of  die  whole.  He  satisfied  hhn. 
sdf  b^  ezpoimenta,  that  14  litres  (8d4-4 
sttbic  mcfaes,  or  3-7  wine  gallons  English)  of 
dilorine,  which  weigh  65 1^  English  grains, 
destroyed  the  colour  of  164  litres  of  the  above 
bine  0oHitiom  He  properly  observes,  that 
cfalorme  disoeloors  more  or  less  of  the  tincture, 
according  to  the  nmnner  of  proceeding,  that  is, 
aoeoiding  as  we  pour  the  tincture  on  the 
^eons  chlcvme,  and  as  we  operate  at  difi^rent 
times,  with  considerable  intervals;  if  the 
aqoeoos  chlorine  or  chloride  solution  be  con- 
eentrated,we  have  the  minimum  of  discolor- 
ation ;  if  it  be  very  weak,  the  maximum.  He 
says,  that  solution  of  indigo,  containing  about 
•j^^  part,  win  give  constant  results  to  tiearly 
^  and  to  greater  nicety  still,  if  we  dilute  the 
chlorine  solution,  so  that  it  shall  amount  to 
nearly  one-half  the  volume  of  the  tincture 
which  it  can  discolour ;  if  we  use  the  pre- 
caution to  keep  the  solution  of  chlorine  and 
the  tincture  in  two  separate  vessels;  and, 
finally,  to  pour  both  together  into  a  third 
Teasel.  We  should,  at  the  same  time,  make 
a  trial  on  another  sample  of  chlorine  whose 
sttength  is  known,  in  order  to  judge  accurately 
of  the  hue.  On  the  whole,  he  considers  diat 
fourteen  measoxes  of  gaseous  chlorine  can 
discokrar  164  measures  of  the  above  indigo 
solutioa^  being  a  ratio  of  n^y  one  to  twelve. 
The  advantage  of  the  very  dilute  tincture 
obvioasly  consists  in  this,  that  the  excess  of 
water  condenses  the  chlorine  separated  from 
combinlUicQ  by  the  nilphuric  acid,  and  con- 
fines its  whole  efficacy  to  the  liquor ;  whereas^ 
from  concentrated  solutions,  mudi  of  it  escapes 
into  the  atmos^eie.  Though  I  have  made 
very  numerous  experiments  with  the  indigo 


yellow  by  imperceptible  shades.  Hence  an 
error  of  X  may  readily  be  allowed,  and  even 
more,  with  ordinary  observers. 

When  a  mixture  of  sulphuric  add,  common 
salt,  and  black  oxide  of  manganese,  are  the 
ingredients  used,  as  by  the  manufacturer  of 
bleaching  powder,  the  absolute  proportions 
are, 
1  atom  mur.  of  soda,        7-5      29.70    100.0 

1  atom  perox.  ofmang.    5.5      21.78     73.3 

2  at  oU  of  viL  1.846     12.25     4a52     163.3 

25.25  100.00 
And  the  products  ought  to  be — 

Chlorine  disengagoi,        1  atom  4.5  17-82 

Sulphate  of  soda,              1           9.0  35.64 

Protosulphate  of  mang.     1          9.5  37.62 

Water,    ...        2          2.25  8.92 

25.25  100.00 

These  proportions  arc,  however,  very  dif- 
finent  from  those  employed  by  many,  nay,  I 
believe,  by  all  numufacturers ;  and  they  ought 
to  be  so,  on  account  of  the  impurity  of  their 
oxide  of  manganese.  Tet  making  allowance 
for  this,  I  am  afraid  that  many  of  them  com- 
mit great  errors  in  the  relative  quantities  of 
their  materials. 

From  the  preceding  computation,  it  is  evi- 
dent that  1  ton  of  salt  with  1  ton  of  the  above 
native  oxide  of  manganese  properly  treated, 
would  yield  0.59  of  a  ton  of  chlorine,  which 
would  impregnate  1.41  tons  of  slacked  lime, 
producing  2  tons  of  bleaching  powder,  stronger 
than  the  average  of  the  commercial  specimens ; 
or  allowing  for  a  little  loss*  which  is  unavoid- 
able, would  afford  2  tons  of  ordinary  powder^ 
with  a  little  more  slacked  lime. 

MM.  Orfila,  Leseure,  Gerdy,  and  Hennelle, 
having  to  examine  the  body  of  an  Individual 
who  was  supposed  to  have  been  poisoned,  and 
who  had  been  dead  for  nearly  a  month,  found 
the  smeU  so  insupportable  that  they  were  in- 
duced to  try  the  application  of  the  chloride  of 
lime,  as  recommended  by  M.  Labarraque. 
A  solution  of  this  substance  was  frequently 
sprinkled  over  the  body,  and  produced  quite  a 
wonderful  effi;ct,  for  scucely  had  they  made  a 
few  aspersions,  when  the  unpleasant  odour  was 
instantly  destroyed,  and  the  operation  was  pro- 
ceeded in  with  comparative  comfort. 

Since  the  above  experiment,  a  commission 
was  appointed  by  the  prefect  of  the  police  in 
Paris  to  clear\>ut  offensive  drains,  in  the  ex- 
ecution of  which  much  benefit  to  the  protec- 
tion of  the  workmens*  health  was  derived  from 
chloride  of  lime.  M.  Gaultier  de  Chtubry, 
after  stating,  as  I  have  shown  above,  that  car- 
bonlc  acid  expels  the  chlorine  from  the  chlo- 
ride of  lime,  proposes,  as  the  best  and  most 
durable  means  of  disinfecting  the  air  in  hospi- 
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tab.  Sue*  to  expoae  a  conriderable  snifiice  of 
chloride  of  lime  in  the  apftrtments  of  the  sick, 
wlience  the  chlorine  will  be  slowly  and  steadily 
evolved  by  the  carbonic  add  of  the  atmosphere, 
without  annoying  the  patients  in  the  slightest 
d^ne.  This  is  the  only  plan  admissible 
with  chlorine  where  the  apartments  cannot  be 
emptied.  Where  they  can,  the  method  de- 
scribed under  Fumigation  is  more  energetic. 

LIMESTONE.  A  genus  of  minerals, 
which  Professor  Jameson  divides  into  the  four 
following  species :  1.  Khomb-spar;  2.  Dolo- 
mite ;  3.  Limestone ;  and,  4.  Axxsgonite.  We 
shall  consider  the  third  species  here.  The 
lame  mineralogist  divides  limestone  into  twelve 
sub-spedes. 

1.  Foliated  limestone ;  of  which  there  are 
two  kinds— calcareous  spar,  and  foliated  gra- 
nular limestone.  The  first  will  be  found  in 
its  alphabetical  place  in  the  Dictionary. 

Orsnular  foliated  limestone.  Colour  white, 
of  various  shades ;  sometimes  it  is  spotted. 
Massive,  and  in  distinct  angulo-granular  con- 
cretions. Lustre  glistening,  between  pearly 
and  vitreous.  Fracture  foliated.  Translu. 
cent.  Hard  as  calcareous  spar.  Brittle. 
Sp.  gr.  Carrara  marble  2.717*  It  generally 
phosphoresces  when  pounded,  or  when  thrown 
on  glowing  coals.  Infusible.  Effervesces 
with  adds.  It  is  a  pure  carbonate  of  lime. 
It  occurs  in  beds  in  granite,  gnriss,  &c  and 
rarely  in  secondary  rocks.  It  is  found  in  all 
the  great  ranges  of  primitive  rocks  in  Europe. 
Parian  marble,  Pentelic  marble,  the  Marmo 
Greco,  the  white  marble  of  Luni,  of  Carrara, 
and  of  Mount  Hymettus,  the  translucent  white 
marble  of  statuaries,  and  flexible  white  marble, 
are  the  chief  of  the  white  marbles  which  the 
andents  used  for  sculpture  and  architecture. 
The  red  antique  marble,  Rosso  antioo  of  the 
Ituliaoi,  and  Egyptian  of  the  andents ;  the 
Verde  antioo,  an  indeterminate  mixture  of 
white  marble  and  green  serpentine;  yellow 
antique  marble ;  the  antique  Cipolin  marble, 
marked  with  green-coloured  zones,  caused  by 
talc  or  chlorite;  and  African  brecda  marbl^ 
are  Uie  prindpid  coloured  marbles  of  the  an- 
dents. The  Scottish  marbles  are,  the  red  and 
white  Tiree,  the  former  of  which  contains 
hornblende,  sahlite,  mica,  and  green  earth; 
the  lona  marble,  harder  than  most  others, 
consisting  of  limestone  and  tremolite,  or  oc 
casionaU^  a  dolomite ;  the  Skye  marble;  the 
Assynt  m  Sutherland,  introduced  into  com- 
merce  by  Mr.  Joplin,  of  Gateshead.  It  is 
white  and  grey,  of  various  shades.  The  Glen- 
tilt  marble ;  the  Balachulish ;  the  Boync ;  the 
Blairgowrie;  and  the  Glenavon.  Hitherto 
but  few  marbles  of  granular  foliated  limestone 
have  been  quarried  in  England.  The  Mona 
marble  is  not  unlike  Verde  antico.  The  black 
marbles  of  Ireland,  now  so  generally  used  by 
architects,  are  Lucullites.  The  Toreen  in  the 
county  of  Waterford,  is  a  fine  variegated  sort; 
and  a  grey  marble  beautifully  douded  with 


white,  has  been  fSound  near  Kilcronnp,  In  ibe 
same  county.  At  Loughlougher,  in  Txppe- 
rary,  a  fine  purple  marble  is  found.  The 
coun^  of  Kerry  affords  sevend  variegated 
marbles.  Of  the  continental  marbles  a  good 
account  is  given  by  Professor  Jameson,  Af  tjv • 
ralogy^  voL  ii.  p.  502. 

2d  Sub-spedes.  Compact  limestone;  of 
which  there  are  throe  kinds  rommon  com. 
pact  limestone,  blue  Vesuvian  limestoce,  and 
roestone. 

Common  compact  limestone  has  usoaSj  s 
gray  odour,  with  coloured  delinearionn.  Mas- 
sive, corroded,  and  in  various  extzaneoos 
shapes.  DulL  Fracture  fine  splintery.  Trans- 
lucent  on  the  edges.  Softer  than  the  pie- 
oeding  sub-spedes.  Easily  frangible.  Streak 
grayish- white.  Sp.  gr.  2.6  to  2.7*  It  effer- 
vesoes  with  adds,  and  bums  into  quicklime. 
It  is  a  carbonate  of  Ume,  with  variable  and 
generally  minute  proportions  of  silica,  alu- 
mina, iron,  magnesia,  and  manganese.  It 
occurs  prindpally  in  secondary  fbonations, 
along  with  sandstone,  gypsmn,  and  coal. 
Many  animal  petrifactions,  and  some  vtge. 
table,  are  found  in  it.  It  is  rich  in  ores  of 
lead  and  zinc ;  the  English  mines  of  the  for- 
mer metal  bdng  situated  in  limestone.  "What 
it  is  so  hard  as  to  take  a  polish,  it  is  worked 
as  a  marble,  under  the  name  of  shell,  or  /xmcr- 
ceiUa  marble.  It  abounds  in  the  sandstone 
and  coal  formations,  both  in  Scotland  and 
England ;  and  in  Irdand  it  is  a  very  abundant 
mineral  in  all  the  districts  where  clay-alate 
and  red  sandstone  occur.  The  Florentine 
marble,  or  ruin  marble^  is  a  compact  lime- 
stone. Seen  at  a  distance,  slabs  of  this  atone 
resemble  drawings  done  in  bistre. 

2.  Blue  Vesuvian  limestone.  Colour  dark 
bluish-grey,  partly  veined  with  white.  Kolled 
and  uneven  on  the  surface.  Fracture  fine 
earthy.  Opaque.  Streak  white.  Semi-hard 
in  a  low  d^;ree.  Feels  heavy.  Its  consti- 
tuents are,  lime  58,  carbonic  add  28.5,  water 
somewhat  ammoaiacal  11,  magneMaO-5,  oxide 
of  iron  0.25,  carbon  0.25,  and  silica  1.25.—- 
Klaproth.  It  is  found  in  loose  masses  among 
unaltered  ejected  minerals,  in  the  ndghbour- 
hood  of  Vesuvius.  In  mosaic  work,  it  is 
used  for  representing  the  sky. 

3.  Roestone.  Colours  brown  and  grey* 
Massive,  and  in*  distinct  ooncretiona,  which 
are  round  granular.  Dull.  Opaque.  Frac- 
ture of  the  mass  round  granular.  Approach- 
ing to  soft.  Brittle.  Sp.  gr.  2.6  to  2.68. 
It  dissolves  with  effervescence  in  adds.  It 
occurs  along  with  red  sandstone  and  /ioj 
limestone.  In  England  this  rock  is  called 
Bath-stone,  Ketton-stone,  Portland-stone,  and 
Oolite.  It  extendi},  widi  but  little  interrup- 
tion, from  Somersetshire  to  the  banks  of  the 
Humber  in  Lincolnshire.  It  is  used  in  archi- 
tecture, but  it  is  porous,  and  apt  to  moulder 
away,  as  is  seen  in  the  ornamental  work  of 
the  Chapd  of  Henry  VII. 
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«)d.  Sub-species.    Chalk,  which  see. 

4th,  Agaric  inineniL,  or  Rock-milk.  Co- 
lour white.  In  crusts  or  tuberose  pieces.  DulL 
Composed  of  fine  dusty  nutides.  Soils 
strongly.  Feels  meagre.  Aoheres  slightly  to 
the  tongue.  Light,  almost  supernatant.  It 
dissolves  in  muriatic  acid  with  effervescence, 
being  a  pure  carbonate  of  lime.  It  is  found 
-on  the  north  side  of  Oxford,  between  the  Isis 
and  the  Cherwell,  and  near  Chipping  Norton ; 
as  also  in  the  fissures  of  limestone  caves  on 
the  continent.  It  is  formed  by  the  attrition 
of  water  on  limestone  rocks. 

6th  Sub-spedes.  Fibrous  limestone;  of 
which  there  are  two  kinds — satin-spar,  or  the 
common  fibrous;  and  fibrous  calc-sinter. 
Saiin-spar.  White  of  various  shades.  Mas- 
idve,  and  in  distinct  fibrous  concretions.  Lustre 
glistening  and  pearly;  fragments  splintery; 
feebly  translucent ;  as  hard  as  calcareous  spar ; 
easily  frangible ;  sp.  gr.  2.7-  Its  constituents 
are,  lime  50.8,  carbonic  add  47.6  ?  Stromeyer 
»ays  it  contains  some  per  cents,  of  gypsum. 
It  occura  in  thin  layers  in  day-slate  at  Al- 
stone-moor  in  Cumberland;  in  layers  and 
veins  in  the  middle  district  of  Scotland,  as  in 
Fifeshire.  It  is  sometimes  cut  into  nccklacea, 
&c 

FibrouM  calcmginicr.  It  is  used  as  marble, 
and  the  ancients  formed  it  into  unguent  vases, 
the  alahasUr-hox  of  Scripture.     See  Calk- 
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6th  Sab-species.  Tiifaceous  limestone,  or 
Calc-tuff.  Colour  gray.  Massive,  and  in  imi- 
tative shapes,  enclosing  leaves,  bones,  shells, 
&c.  DulL  Fracture  fine  grained  uneven. 
Opaque.  Soh,  Feels  rough.  Brittle.  It  is 
pture  carbonate  of  lime.  It  occurs  In  beds, 
generally  in  the  neighbourhood  of  rivers ;  near 
6»tarly-bum  in  Fifeshire,  and  other  places. 
Used  for  lime. 

7th  Sub-spedes.  Pisifbrm  limestone,  or 
Peastone.  Cotour  yellowish-white.  Massive, 
and  hi  distinct  concretions,  which  are  round 
granular,  composed  of  others  which  are  very 
thin  and  concentric  lamellar.  In  the  centre 
there  is  a  bubble  of  air,  a  gtain  of  sand,  or  of 
•oroe  mineral  matter.  DulL  Fracture  even. 
Opaque.  Soft  Brittle.  Sp.  gr.  2632.  It 
M  carbonate  of  lime.  It  is  found  in  great 
masses  in  the  vicinity  of  Carlsbad  in  Bo- 
hemia. 

8th  Sub-spedes.  Slatc^par.  Schieferspath. 
Colour  white,  of  various  shades.  Massive, 
and  in  distinct  curved  lamellar  concretions. 
Lustte  glistenmg  and  pearly.  Feebly  trans- 
lucent  Soft;  between  -sectile  and  brittle. 
Feds  rather  greasy.  Sp.  gr.  243.  Its  con- 
stituents are,  carbonate  of  lime,  with  three 
per  cent,  of  oxide  of  manganese.  It  occurs 
in  primitive  limestone,  in  metalliferous  beds, 
™  in  veins.  It  is  found  in  Glentilt;  in 
^.Mynt;  in  Cornwall;  and  near  Granard  in 
Itdand. 
i>th  Sub-spedes.    Aphritc,  whidi  see. 


lOtli  Sub-spedes.  Lucullite;  of  which  there 
are  three  kinds — compact,  prismatic,  and  fo* 
liated. 

$  1.  Compact  is  subdivided  into  the  com. 
mon  or  black  marble ;  and  the  stinkstotie. 

0.  The  common  compact.  Colour  gray^ 
ish-black.  Massive.  Glimmering.  Fracture 
fine  grained  uneven.  Opaque.  Semi-baid* 
Streak  dark  ash-giay.  BritUe.  Sp^  gr.  3. 
When  two  pieces  are  rubbed  together,  a  fetid 
urinous  odour  is  exhaled,  which  is  increased 
by  breathing  on  them.  It  bums  white,  but 
forms  a  bhuk-coloured  mass  with  sulphuric 
add.  Its  constituento  are,  lime  53.38,  car- 
bonic  add  41.5,  carbon  0.75,  magnesia  and 
oxide  of  manganese  0.12,  oxide  of  iron  0.25, 
silica  I.IS,  sulphur  0.25,  muriates  and  suU 
phates  of  potash  with  water  2.62.— JoAa.  It 
18  said  to  occur  in  beds  in  primitive  and  older 
secondary  rocks.  Hills  of  this  mineral  occur 
in  the  district  of  Assynt  in  Sutherland.  Va- 
rieties of  it  are  met  with  in  Derbyshire;  at 
Kilkenny ;  in  the  counties  of  Cork  and  Gal- 
way.  The  consul  Lucullus  admired  it  so 
much,  as  to  give  it  his  name*  It  is  the  Nero 
aniico  of  the  Italians. 

b.  Stinkttone  or  Steincitone,  Colour  white, 
of  many  shades,  cream*  yeU^F,  gray,  black, 
and  brown.  Massive,  disseminated,  and  in 
distinct  grsnular  concretions.  DulL  Fac- 
ture  snlintery.  Opaque.  Semi-hard.  Streak 
gri^yisn-white.  £miu  a  fetid  odour  on  fric- 
tion. Britde.  Sp.  gr.  2.7-  The  same  che- 
mical characters  as  the  preceding.  Its  oonsti. 
tnenu  are,  88  carbonate  of  Ume,  4.13  silica, 
3.1  alumina,  1.47  oxide  of  iron,  0.58  oxide  of 
manganese,  0.30  carbon,  0.58 lime;  sulphur, 
alkali,  salt,  water,  2.20.— Joftn.  It  occurs  in 
beds  in  secondary  limestone,  alternating  oc 
canonally  with  secondary  gypsum  and  beds  of 
day.  It  is  found  in  the  vidnitj  of  North- 
Berwick,  resting  on  red  sandstone,  and  in  the 
parish  of  ELirbean  in  GaUoway.  It  is  em. 
ployed  for  burning  into  lime. 

§  2.  Prismatic  hicnllite.  Coiours  black, 
gray,  and  brown.  Massive,  in  balls,  and  in 
distinct  concretions.  External  surfisoe  some- 
times streaked.  Internal  lustre  shining. 
Cleavage  threefold.  Translucent  on  the  edges. 
Semi-lurd.  Streak  gray  coloured.  Brittle. 
When  rubbed  it  emits  a  strongly  fetid  urmous 
smclL  Sp.  gr.  2.67-  When  its  powder  is 
boiled  in  water,  it  gives  out  a  transient  hepatic 
odour.  The  water  becomes  slightly  alkajine. 
It  dissolves  with  cfl&rvescenoe  in  muriatic  add, 
leaving  a  charcoaly  residuum.  Its  constituents 
resemble  those  of  the  preceding.  It  occurs  in 
balls,  in  brown  dolomite,  at  Building-liill,  near 
Sunderland.  It  was  at  one  time  called  ma- 
dreporite, 

§  3.  Foliated  or  sparry  lucuUUe.  Colours 
white,  gray,  and  black.  Massive,  dissemi. 
nated  and  crystallized  in  acute  six-sided  py- 
ramids. Internal  lustre  glimmering.  Frag, 
nients  rhomboidal.    Tranduccnt.    bemi-hatd. 
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Brittle.  Emits  on  friction  a  uiinoiiB  mdl. 
8p.  gr.  2.66.  In  other  mpec^  simiUr  to  the 
preoedinff.  It  is  found  in  Teins  at  AndreaB- 
teg  in  the  Harts. 

11th  Sttb-spedes.  Made;  of  which  there 
are  two  kinds,  esrthy  and  compact.  Earthy 
marie  has  a  gray  ooloiff,  oonaists  of  fine  dusty 
panicks,  feebly  oahcrittg ;  dull ;  soils  slightly ; 
b  ]^t;  cflariesoes  with  adds ;  and  emits  a 
urinoas  smell  when  first  dug  up.  Its  con- 
stituents arev  carbonate  of  lime,  with  a  little 
alumina,  silica,  and  bitumen.  It  occurs  In 
beds  in  the  seooodary  limestone  and  gypsum 
formations  in  Thuringia  and  Manafeld.  Com* 
fad  mark  has  a  gray  oolonr ;  is  massive,  ve- 
sicular, or  in  flattened  balls;  eontaina  petri- 
fastions;  dull;  fracture  earthy,  bat  in  the 
great  slaty;  yields  to  the  nail;  opaque;  streak 
grayisli-white;  brittle;  feehmesgre;  sp.gr. 
2i4.  It  intnmesces  bdfbre  the  Uowpipe»  and 
mdts  into  a  greenish-black  slag.  Itefiervesoes 
with  adds.  Its  constituents  are,  carbonate  of 
lime  50,  silica  12,  alumina  32,  iron  and  oxide 
of  manganese  2 — JTtrvan.  It  occurs  in  beds 
in  the  secondary  fioets  limestone.  It  is  fre- 
quent in  the  coal  formations  of  Scotland  and 


12th  Sub-spedes.  Bituminous  marle^ 
slate.  Colour  grayiah-black.  Masdve,  and 
frequently  with  impressions  of  fishes  snd  plants. 
Lustre  glistening.  Fracture  slaty.  Opaque. 
Shining  streak.  Soft  Sectile.  Frangible;  6p. 
gr.  2-66.  It  is  said  to  be  carbonate  of  lime, 
with  albmneo,  inn,  and  bitumen.  It  occurs 
in  fioets  limestone.  It  frequently  contains 
cupreous  minends,  petrified  fishes,  snd  fossO 
remains  of  crjrptogamous  plants.  It  abounds 
in  the  Hartzgebinei — Jametoiu 

LIQUEFACTION.  A  dwmical  term, 
in  some  instances  synonymous  with  the  word 
yWrion,  in  others  with  the  word  deliquescence^ 
and  in  others  again  with  the  word  tobMoiu 

LIQUIDITV.    See  Caloiuc. 

LIQUOR  of  FLINTS.    See  Silica. 

LITHIA.  A  new  alkaU.  It  was  dis- 
eoveved  by  M.  Arfredson,  a  young  chemist  of 
great  merit,  employed  in  the  laboratory  of 
If.  BcEselins.  It  was  found  in  a  mineral  from 
the  mine  of  Uten  in  Sweden,  called  ortoli/tf  by 
H.  d'Andrada,  wiio  first  distinouiahed  it.  Sir 
H.  Davy  demonstrated  by  voltaic  electridty 
that  the  basis  of  this  alkali  is  a  metal,  to 
which  the  name  of  UUnmn  has  been  given. 

Benelius  gives  the  following  shn^de  process 
as  a  test  for  Uthia  in  minends: — 

A  fragment  of  the  mineral,  the  size  of  a 
pm*s  hesd,  is  to  be  heated  with  a  small  exoess 
of  soda,  on  a  piece  of  platinum  foil,  by  a 
blowpipe  for  a  couple  of  minutes.  The  stone 
is  decomposed,  the  soda  liberates  the  litfaia, 
and  the  excess  of  alkali  preserving  the  whole 
fluid  at  this  temperature,  it  spreads  over  ^ 
foil,  and  surrounds  the  decomposed  mmeral. 
That  part  of  the  platinum  near  to  the  frised 
slkali  becomes  of  a  dark  colour)  which  is 


more  intense,  and  spreads  over  a  larger  aor- 
fiioe,  in  proportion  as  there  is  more  lidisa  n 
the  minoaL  The  oxidation  of  the  nlariniim 
does  not  take  place  beneath  die  aliali,  but 
onlr  around  it,  where  the  metal  is  iu  oositKt 
with  both  air  and  lithla.  Potash  deslzoya  the 
reaction  of  the  platinum  on  the  lithla,  if  tlie 
lithia  be  not  redundant  The  platinum  re- 
sumes  its  metallic  surfiMX,  after  having  been 
washed  and  heated. 

Lithia  may  be  obtained  br  funng  petaUtc 
with  potash,  dissolving  the  whole  in  moristic 
add,  evaporating  to  tfryness,  and  digesting  in 
alcohol.    The  muriate  of  Uthia  being  very  so- 
luble  in  that  fluid,  is  taken  up,  while  the  other 
salts  remain.    By  a  second  evaporataoa  and 
solution  in  alcohol,  it  is  obtained  pciftcdy 
pvie.    The  muriate  is  itsdf  a  sah  very  cfaaxac- 
teristic^thealkalL    It  may  easilv  be  deeoou 
posed  by  carbonate  of  silver;  snd  die  carter 
nate  thus  procured,  when  treated  widi  Iixne» 
yields  pure  lithia.    Dr.  Gmelin  friaed  petaliie 
with  five  times  its  weight  of  nitrate  of  borytea, 
at  a  white  heat,  in  a  platinum  cradble;  di- 
gested die  msss  in  muriatic  acid ;  evaporated 
me  solution  to  dryness;  dissolved  in  water;  se- 
parsted  the  silica ;  and  added  ruther  more  sol- 
phuric  add  than  was  equivalent  to  the  barytas. 
The  sulphate  of  barytes  was  got  rid  of  by  so- 
lution  in  water  and  filtration.  The  liquid  was 
now  concentrated  by  evaporation  to  expel  the 
exoess  of  muriatic  add.    It  was  then  supem- 
turated  with  carbonate  of  ammonia^  which 
threw  down  the  alumina  and  the  oxide  of  iniiL 
The  filtered  liquid  was  evaporated  to  drynev 
.and  the  residue  was  ignited,  to  drive  off*  the 
ammoniacsl  sulphate  and  muiiatei    The  re- 
mainder  was  diswlved  in  water,  and  hydrasnl- 
phuret  of  ammonia  was  added  to  the  scdndoo 
to  separate  the  mannneseb    Befaig  now  filter, 
ed,  evaporated,  and  Ignited,  it  was  pve  sul> 
phate  of  lithia,  hem  whidi  he  obtahicd  the  car^ 
bonate  by  adding  acetate  of  barytes,  and  de- 
oomposing.  the  resulting  acetate  of  lithia  by  a 
red  neat. 

The  first  is  the  process  of  M.  Vanqodin,  and 
is  vasdy  the  simpler  of  the  two. 

AI.  Bendhis  says  that  the  most  eoooomi- 
csl  way  of  pr^Mring  lithia  is  to  mix  ti^hane 
or  spodumene  m  powder  with  twice  its  weight 
of  pulverised  fluor  spar  and  with  sulphuric 
add ;  then  to  heat  the  mixture  till  the  flnoric 
add  with  the  silica  is  vobriliaed,  and  aflei^ 
wards  to  sqMnte  the  sulphate  of  litfaia  by 
solution. 

M.  Berzdius  has  found  Uthia  to  be  a  cso- 
stant  and  essentia  dement  in  the  minoal 
waters  of  Bttenia.  To  detect  and  separMe 
the  lithia,  he  pours  a  sohition  of  phosphate  of 
soda  into  the  mincnd  water,  ev^orates  to 
drrness,  and  redissolves  in  cdd  water.  The 
litfaia  is  left  in  the  state  of  an  insoluble  pbos. 
phate  of  Uthia  and  soda. 

The  most  complete  account,  whidi  we  have 
of  Uthia  and  its  compounds,  is  tliat  of  Dr. 


fe5 


volume  of  Guoerts  Annaien, 

Caiutic  Uthia  hu  a  very  sharp  buraing  taste. 
It  destroyt  the  cutide  of  the  tongue  like  pot. 
fth.  It  does  not  dissolve  with  great  fiicility  in 
water.,  and  appeals  not  to  be  mudi  more  soluble 
in  hot  than  in  cold  water.  In  this  respect  it 
haa  an  analogy  with  lime.  Heat  is  evolved  do- 
liiK  its  solution  in  water. 

When  exposed  to  the  aur  it  does  not  attract 
moiatuxe,  but  absorbs  carbonic  add,  and  be- 
comes opaoue.  When  exposed  for  an  hour 
to  a  white  neat  in  a  covered  platinum  audble 
its  bulk  does  not  i^pesr  to  be  diminished :  but 
it  has  absorbed  a  quantity  of  carbonic  add. 

It  dissolves  only  in  small  quanti^  in  alco- 
hol of  the  specific  gravity  0-85.  When  weak 
alcohol  is  added  to  an  aqueous  solution  of 
litfaia  in  a  well  stopped  phial,  no  change  takes 
place  at  first ;  but  after  some  hours  the  lithia 
precipitates  in  the  state  of  a  white  powder. 

liitbia  unites  with  sulphur  according  to 
Vauqudin.  Sulphuret  of  litlua  has  a  yellow 
colour,  dissolves  readily  in  water,  and  is  de- 
composed by  adds  in  the  same  way  as  die 
other  alkaline  sulphurets. 

Phosphorus  decomposes  wata  with  the  help 
of  caustic  lithia.  If  we  beat  in  aretort  phos- 
phorus with  a  solution  of  caustic  litlna  in 
water,  phoephurstted  hyjh!0gen  gas  is  disen- 
.  gaged,  whidi  catdies  fire  when  it  comes  into 
tlie  air. 

Netihul  Mulphate  of  UMi  forms  small 
nrismatic  crystals,  having  a  good  deal  of 
Ittstie,  sometimes  constituting  pretty  long  but 
Barrow  tables.  When  exposed  to  the  air, 
tisy  undergo  only  an  insignificant  efflores- 
cence. Thu  salt  has  a  salme  and  scarody 
bitter  taste.  It  dissolves  pretty  readily  in 
water,  and  mdts  when  exposed  to  a  tempe- 
latuze  scarcdy  reaching  a  red  heat. 

Bisulphate  ofHifiia  dissolves  ih  water  with 
greater  facility  than  the  neutral  salt.  It  forms 
rix-rided  tables,  in  which  two  of  the  &oei, 
which  are  paralld  to  each  other,  far  exceed  the 
remaining  ones  in  length.  When  exposed  to 
a  very  mgh  temperature,  it  gives  out  sul- 
phurous add  and  oxvgen  gas,  and  is  converted 
mto  the  neutral  sulphate. 

Aocordiog  to  Arfredson,  this  bisalt  dissolves 
with  more  mfficulty  in  water  than  the  neutral 
sak. 

Fhotnkate  ^IM&ta.— -Iliosphotie  add  when 
dropped  into  the  solution  of  sulphate  of  lithia 
occBSions  no  predpitate.  But  when  the  uficom- 
bioed  add  is  saturated  by  ammonia,  the  phos- 
phate of  lithia  h  predpitated  in  the  state  of 
white  flocks,  which  ere  insoluble  in  water. 

When  a  drop  of  phosphoric  acid  is  let  fall 
into  a  very  dilute  solution  of  carbonate  of  lithia, 
DO  predpitateialls;  but  when  the  liquid  is 
heated,  tne  carbonic  acid  gas  is  disengaged. 


1  here  existt  likewise  a 
It  is  obtained  by  dissolvi 
phosphoric  add.  By  a  i 
of  this  solution,  we  obtai 
lar  crystals. 

Nitrate  of  lithia  form 
with  ihomboidal  bases, 
gent  taste,  and  seems  to 
other  salts  in  deliquescei 
day,  it  crystaBixed  in  the  s 
again  in  the  shade.  It  dia 
est  alcohol. 

Carbonate  of  lithia  cons 
der.  It  dissolves  with  gn 
water.  According  to  Van 
water  dissolve  scarcdy  ot 
It  is  more  soluble  in  hot  n 
carbonate  of  lithia  oontaii 
of  its  wdght  of  Aesalt, 
alkali 

0*53d  of  a  gramme  of 
lithia  were,  by  means  of  t 
exposure  to  a  strong  heat,  c 
of  neutral  sulphate  of  lithia 
tity  of  sulphate  contains  0-! 

Hence  0-636  of  carbonati 
posed  of 

liitfaia, 
Carbonic  add, 


Or  in  the  100  parts, 
Lithia, 
Carbonic  add. 


But  the  oxygen  in 

45.64  UthU  is 
64*46  carbonic  add 
and  2  X  19*09  =  38*18,  a 
but  little  from  89-59. 

The  solution  of  carbonate  i 
posed  by  lime  and  barytes  wi 
luble  in  alcohol. 

The  platinum  crucible  in 
of  lithia  has  been  exposed  to 
obvious  indications  of  having 
ita  sur&ee  assuming  a  dark  oli 
but  the  metallic  lustre  is  a{ 
rubbing  the  erudble  with  < 
water. 

Muriate  of  lithia  forms  sms 
very  similar  to  common  s&li 
The  eanest  method  of  obtain: 
is  to  expose  Ae  solution  to  t 
day.  The  crystals  ddiquesc 
when  exposed  to  the  air,  bat  m 
rapidity  as  nitrate  of  lithia. 
not  mdt  when  exposed  to  the 
duced  by  the  action  of  a  spirit  U 
exposed  in  a  platinum  erudble. 
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eoffflfld,  to  aBiBdpkntwMteheit,  itis  foaed 
into  die  chkride. 

ChromaU  of  UMi  fomui  orange.7eIlow 
crystals,  which  Appear  to  contain  an  ezceas  of 
add.  They  aie  oblique  parallelopipeds  with 
xhomboidal  baaea.  Somettmea  they  exhibit  a 
dendritrical  vegetatioD.  This  salt  ia  aoluhle 
in  watet 

Oxalate  of  Uikieu^'A.  portion  of  carbonate 
of  lithia  was  aaturated  widi  oxalic  add.  The 
neatial  salt  csyataUiaes  with  difficulty.  The 
oystala  have  the  appearance  of  amall  opaqne 
protubenncea,  and  diaaolre  with  facility  in 
wKtor.  To  the  neutral  sedation  of  oxalate  of 
lithia  waa  added  a  quantity  of  oxalic  acid, 
exactly  equal  to  that  already  combined  with 
the  lithia.  By  evaporation*  small  transparent 
granular  crystals  of  binoxaiate  qf  lithia  were 
obtained.  They  appeared  to  dissolve  with 
£KiUty  in  water,  thou^  not  to  be  so  soUible 
as  the  neutral  salt 

Neutral  tartrate  of  lithia  dissolves  with 
facility  in  water,  but  does  not  crystallize,  fiimi- 
ing  a  white  opaque  mass,  whidi  does  not  de- 
liquesce when  exposed  to  the  air.  When  tar- 
taric acid  is  added  to  the  solution  of  the  neutral 
tartrate,  no  crystalliiable  bitcrtrate  is  formed  ; 
but  perhaps  we  may  deduce  the  existence  of 
sudi  a  salt  from  the  fact  that  when  the  solu- 
tion is  evaporated  no  oystals  of  tartaric  add 
make  their  appearance. 

When  the  solution  is  evaponted  to  dryness, 
we  obtain  a  white  opaoue  mass,  which  exhi- 
bits no  apnearanoe  of  crystallisation,  and 
which  dissolves  with  facili^  in  water. 

Acetate  of  lithia^  when  evaponted,  finns  a 
.  svrupy  masa,  which  cracks  on  cooling;  so 
that  the  g^  looks  as  if  it  had  burst.  This 
matter  ddiquesoes  in  the  air,  and  sometimes, 
while  attracting  moisture,  crystalline  plates 
appear  in  iL 

Tartrate  qfUthia  a$td  potath.-^U  the  ex- 
cess of  the  acid  of  bitartrate  of  potash  be  satu- 
rated by  means  of  carbonate  of  lithia,  we  obtain 
by  spontaneous  evaparation,  a  aalt  .vrfiich  forms 
large  crystals,  having  the  shape  of  four^ided 
prisms  termiuated  by  paraUelognuns,  with  an- 
gles very  nearly  right.  The  diagonals  of  these 
terminal  faces  are  distinctly  marked,  and  the 
four  triangles  formed  by  means  of  them  aie 
streaked  parallel  to  the  edges  of  these  faces* 
This  salt  dissolves  readily  in  water,  and  has  a 
saline  and  scarcely  bitter  taste.  When  ex- 
posed to  the  air,  it  effloresces  slightly,  and  only 
on  the  surface. 

Tartrate  ofliihia  and  «o<2a.— Bitartiate  of 
soda  was  neutralized  by  means  of  carbonate  of 
lithia.  By  spontaneous  evaporation,  the  liquid 
deposited  long  rectangular  foar-sided  prisms^ 
fir^uentlv  terminated  by  an  oblique  ^ace.  This 
salt  dissolves  with  facility  in  water,  and  efflo- 
resces only  slightly,  and  on  the  sur&Ob  Its 
taste  is  purely  saline,  and  not  strong. 

Muriate  of  platinum  does  not  form  a 
double  salt  with  muriate  of  lithia.     Potash 


and  lithia,  theMfeve,  may  be  veiy  wdl  ^suSn- 
guished  finxn  each  other  by  means  of  mnriaie 
of  platinmn. 

From  the  preceding  account  of  the  salts  of 
lithia,  we  see  that  they  have  many  piopertics 
inoommon  with  the  sslts  of  soda.  Likethem 
they  are  neither  precipitated  by  mmiate  of 
platinum,  nor  by  tartaric  add.  They  may 
Dowever  be  distinguished  from  the  nlta  of 
soda  by  the  following  properties:  When  their 
ooneentiated  solutiona  are  mixed  with  a  con- 
centrated solution  of  carbonate  of  soda^  a  pire- 
dpitate  falls.  Th^  are  likewise  predpltated 
by  phosphate  of  soda  snd  phosphate  of 
ammonia,  when  no  uncombined  acid  is  pre- 
sent 

In  reforesoe  to  aaslyticsl  chemistry,  it  may 
be  remarked,  that  littua,  potash,  and  soda,  if 
they  should  exist  in  the  same  compound,  may 
be  separated  in  the  following  way : — 

lithia  may  be  predpltated  by  means  of 
phosphoric  add  and  an  exceas  of  caostic 
ammonia.  The  phosphate  of  lithia  maty  be 
dissolved  in  acetic  add,  and  the  phenhocic 
add  piedpitated  by  meana  of  acetate  ot  lead, 

&C. 

When  lithia  exists  in  aooo^xmnd  with  pot. 
adi,  this  last  alkali  may  be  predpitated  by. 
means  of  muriate  of  pUtinttm. 

From  the  results  of  the  preceding  ezperi. 
ments  we  see,  says  Dr.  Gmelio,  that  if  10  be 
the  equivalent  nttmber  for  oxygen,  theequi. 
valent  number  for  lithium  is  IMS,  and -for 
lithia  23-83;  that  for  carbonate  of  lithia  by 
calculation,  51*32;  but  aooocding  to  the  pre. 
ceding  experiment,  52412.  &c 

Placed  in  the  Wtaic  drcuit.  Sir  H.  Davy 
abowed,  that  it  waa  decompoaed  with  the  same 
phenomena  as  the  other  alkalis.  A  portion  of 
Its  carbonate  being  fused  in  a  platinum  cap- 
sule, the  platinum  was  mdered  positives  and 
a  negative  wire  brought  to  the  upper  aiirfaeeb 
The  alkali  decomposed  with  bright  sdntilla- 
tions,  and  the  reduced  metal  being  sqMumted, 
afterwards  burned.  The  particks  were  very 
similar  to  sodium.  A  globuk  of  quicksilver 
made  negative,  and  brought  into  contact  with 
tiie  alkaOne  s^t,  soon  became  an  amalgam  of 
lithium,  and  had  gained  the  power  of  acting 
on  water,  with  the  evolution  oif  hydrogen,  and 
formation  of  alkali. 

M.  VauqueUn  condudes,  from  his  experi- 
ments, that  100  parts  of  lithia  contun  43-5 
of  oxysen,  and  56-5  of  metallic  base;  aquan- 
tity  which,  he  observes,  isgreater  than  that 
of  an  the  other  alkalis.  The  Edibva  of  the 
Ann.  de  Chimie  remark,  that,  according  to 
this  estimate,  the  equivalent  number  of  the 
metal  is  12-97i  of  i<*  oxi^  22-97»  of  its  dry 
sulphate  72*97»  and  of  its  oyataUned  annate 
82-97.  These  numbers  are  adapted  to  the 
oxy^  radix*  of  10.  Dr.  Gmdin's  analysis 
of  hthia  makes  its  composition  to  be,  by  his 
own  reduction, 
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6000 
2-3367 


Oxygen,  4M»5 

10000 
His  neutral  sulphate  oonusts  of, 

CryitaUiMd.     Drv. 

Sulphuric  add,      68*34    68-15 

Utbia,  27-26    31-86 

WateE,  14-41 

The  prime  equivalent  of  lithia  inferred  from 
this  analyda  approaches  much  nearer  to  M. 
Vauquelin*8  number  than  that  deduced  by  Dr. 
Gmelin  himself.  If  we  convert  this  prime 
ratio  into  per  cent,  proportioos,  we  shall  have 
lithia  a  compound  of 

Lithium,    67-205     1-3367 
Oxygen,     42796     10000 

From  his  analysis  of  the  carbonate,  the 
prime  equivalent  of  lithia  comes  out,  as  nearly 
as  possible,  2«3.  We  are  therefore  warranted 
to  consider  1-3  as  the  prime  of  lithium,  from 
the  concurring  experimenu  both  of  Ai.  Vau* 
quelin  and  Dr.  Gmelin.  I  cannot  see  how  the 
Doctor*s  own  ingenious  and  accurate  experi^ 
ments  on  these  two  salts  permitted  him  to 
make  so  erroneous  an  estimate  of  the  equiva- 
lent oS  lithia,  as  23-83,  instead  of  23|  or  23L 

LITHIC  ACID.  See  Acid  (Lithxc). 

LITHOMARGE.  Stone-mairow,  a  mine- 
nl  of  which  there  are  two  kmds,  the  friable, 
and  indurated* 

_  Friable  Lithomarge,  Colour  white,  mas. 
sive,  and  sometimes  in  crusts.  Particles  scaly, 
and  feebly  glimmering.  Screak  shining. 
Slightly  ooh^ng.  Soils  slightly.  Feds 
rather  greasy.  Adheres  to  the  tongue;  Light. 
Phosphoresces  in  the  dark.  Its  constituents 
are,  silica  32,  alumina  26.6,  iron  21,  muriate 
of  lioda  1.5,  and  water  17.0.— JH^iproM.  It 
occurs  commonly  in  tin-stone  veins. 

Indurated  Lithomarge,  Colours  yellowish 
and  reddish  white.  Massive,  and  amygda- 
loidaL  Dull.  Fracture  fine  earthy.  Opaque. 
Streak  shining.  Soft,  sectile,  and  easily 
frangible.  A&eres  strongly  to  the  tongue. 
FeeU  fine,  and  greasy.  Sp.  grav.  2«44.  In- 
fusible before  Sie  blowpipe:  some  varieties 
phosphoresce,  and  others,  when  moistened, 
afford  an  agreeable  smell  like  that  of  nuts. 
Its  -constituents  are,  silica  46.26,  alumina 
36.6,  oxide  of  iron  2.75,  water  14,  and  a  trace 
of  potash.— JTIotprofA.  It  occurs  in  veins  in 
P^^y^f  gQcu<S  ^<^c.  at  Rochlitz  in  Saxony, 
and  at  Zoblitz.— -Jafit^fOfi. 

LITMUS.    See  Archil. 

LIVER   OF    SULPHUR.     See  SuL- 

LIXIVIATION.  The  applicatioo  of 
^^*ter  to  the  fixed  residues  of  bodies,  for  the 
purpose  of  extraiking  the  saline  parL 

LIXIVIUM.  A  solution  obtained  by 
lixiviadon. 

LOADSTONE.    See  Ores  OF  Iron. 

WAM.    SieCLAT. 


LOBOITE*  A  magneiitfi  iiattam  team 
Norway. 

LOGWOOD.  The  (Me  which  yiel4«  it 
is  caUed  by  LhuMBos,  Hsnwtoxykim  campe* 

Logwood  is  80  heavy  as  to  Mk  in  water, 
hard,  cooipact,  of  a  fine  ciafai,  capable  of 
being  polished,  and  scaicely  susceptible  of 
decay.  Its  pradomiiiant  cakwr  is  nd,  tinged 
with  ooDge,  yaUow,  and  black. 

It  yields  its  ooloor  both  to  spuituoas  and 
watety  menstrua.  Aloohdl  extracts  it  more 
readily  and  copiously  than  water.  The  ooloox 
of  its  dye  is  a  fine  red,  inclining  %  little  to 
violet  or  purple,  which  is  prindpaUy  observa- 
ble hi  its  watery  decoction.  This,  left  to 
itadf,beoomes  in  time  yeUowiah,  andat  ki^ 
black.  Adds  tum  it  yellow ;  alkalis  deepen 
its  colour,  and  give  it  a  purple  or  violet  hue. 

Stufib  would  take  only  a  slight  and  fading 
colour  from  deooction  of  logwo«l,  if  they  were 
not  previously  prepared  with  alum  and 
tartar.  A  titde  alum  is  added  also  to  the 
bath.  By  these  means  they  acquire  a  pretty 
good  videt. 

A  blue  colour  may  be  obtained  from  log* 
wood,  by  mixing  verdigris  with  the  bath,  and 
dipping  the  dom  till  it  has  acquired  the  proper 

The  great  oonsumption  of  logwood  is  for 
blacks,  to  which  It  gives  a  lustre  a^d  velve^ 
cast,  and  for  greys  of  certain  shades.  It  is 
also  of  very  extensive  use  for  different  com. 
pound  colours,  whidi  it  would  be  difficult  to 
obtain  of  equal  beauty  and  variety,  by  means 
of  drugs  aficnding  a  more  permanent  dye. 

Juice  of  logwood  is  frequently  mixed  with 
that  of  brasil,  to  render  colours  deeper ;  thdr 
proportion  being  varied  aooordmg  to  the  shade 
desired. 

Logwood  is  used  for  dyeing  silk  violet. 

For  this,  the  silk  must  be  scouted,  alumed, 
and  washed;  because,  without  aluming,  it 
would  take  only  a  reddish  tinge,  that  would 
not  stand  wetting.  To  dye  silk  thus,  it  must 
be  turned  in  a  cold  deooction  of  logwood  till 
it  has  acquired  the  proper  colour :  if  the  de- 
coction were  used  hot,  the  colour  would  be  in 
stripes  and  uneven. 

Bergmann  has  already  observed,  that  a  fine 
violet  might  be  produced  from  Ir^pvood,  by 
impregnating  the  silk  with  solution  of  tin. 
In  fact,  we  may  thus  obtain,  particularly  by 
nuxing  logwood  and  brasil  in  various  propor- 
tions, a  great  number  of  fine  shades,  more  or 
less  tndtned  to  red,  from  lilac  to  violet  See 
Hematik. 

LOMONITE,  or  Laumonite.  Di- 
prismatic  Zeolite. 

LUOULLITE.  See  Limxstoke,  10th 
spedes. 

LUMACHfiLLA.    Scp  Limestone. 

LUNA  CORNBA.  Muriate  of  sUver. 
See  Silver. 


MAD 


e&6 


MAD 


LUNAB  CAUSna  NItato  of  nlm, 
ftued  in  Alow  heat.    SeeSiLVXK. 

LUPULIN.  M.P]ttchefintaioertaiiied 
th«t  llie  limp  aethre  ingndinti  of  hop,  the 
OH,  veritt,  and  bitter  principle,  lende  in  the 
briBiant  yclloir  gialnt  eeattand  over  4ie  cali^ 
cinal  icaka  ti  die  oonea  which  aonre  aatiieiE 
envelope.  Dr.Ivca,  of  New  Yori^aodlfM. 
Pajen  and  Chevalier,  have  einee  oooftm^ 
tfaia  poaition.  Thia  matter,  when  inaolated, 
ia  of  a  golden  yellow  eohmr,  in  litde  gndnay 
ftinncdof  an  impelpahle  powder,  widioat  oon- 
aiatenee,  wliieh  atteches  itadf  to  the  fingen 
and  lendeia  them  rough*  It  liae  a  penedradng 
arommic  odour.  200  grammes  of  this  eub- 
Manoe  befaig  put  hito  a  retert,  with  900 
grammes  of  distilled  water,  die  miztnre  was 
aabjectad  to  distilladon,  and  aflbrded  water 
and  oQ  of  an  odour  eniivdy  sfanilar  to  that 
of  this  fellow  matter;  but  much  more 
penetrating,  naroocie^  and  very  acrid  in  tibe 
thmot  Thia  aohition  is  aolaUe  in  %  great 
neasoK  in  water.  The  total  amount  is  about 
3  per  eemt*.  tit  die  ycihnr  matter  employed ; 
and  at  thia  yellow  matter  is  contained  in  hop, 
in  the  propwdon  of -^  it  follows  that  the  hop 
eontatns  about  8  parts  in  the  tluNisand  of 
essential  oiL 

The  following  imedientB  were  extracted  by 
HM.  ^yen  and  Obevalier,  fiom  900  parts  of 
this  yellvw  substance:  1,  water;  2,  essential 
oii ;  3,  carbonic  add ;  4,  sub-acetate  of  am- 
monia, generated  in  die  distilled  water  after  a 
few  days;  4,  traces  of  oimaaome;  0,  traees  of 
fatty  matter;  7,  gum;  8,  malic  add;  9, 
malateoflime;  10,  bitter  matter  25  parts;  11, 
a  wdl-diaracterised  resfai,  106  parts;  12, 
dHca,  8  parts ;  13,  tracea  of  carbonate,  muriate, 
and  sulphate  of  potash ;  ]4»  carlMnate  and 
phosnliate  of  lime ;  16^  oidde  of  iron  and  tracea 
ofstuphur.  The  bitter  matter  introduoed  into 
the  stomadi  destroys  appedtew— Jdnm.  de 
Pharm.  1822. 

LUTE.  The  lutes  widi  which  die  jom- 
ings  of  vessds  are  closed  are  of  different  kinds, 
according  to  the  nature  of  the  operations  to  be 
made,  and  of  die  substances  to  be  distilled  in 


When  Tapours  of  watecy  liquoit,  and  sudi 
as  are  not  oonosivc,  are  to  be  contained,  it  is 


snftdenttoiBiRMmd  tte  JolBingof  diemeHv 
to  the  nose  of  die  alemhlc,  or  of  the  freteit, 
with  slqis  of  paper  or  of  Ihien,  cwreicd  widi 
floor-pasta  In  such  esses  alao  al^  of  wet 
bladder  are  very  convcniendy  used. 

When  more  penetrating  and  diaaohing 
vapours  are  to  be  oontainad,  a  faite  ia  to  be 
employed  of  qmcUime  siaehed  in  the  air,  sod 
beaten  into  a  liquid  paste  with  whitea  of  cgp. 
Thia  paste  is  to  be  spread  upon  "****  dips, 
which  ate  to  be  >4p|diBd  czacdy  to  the  joiaag 
of  the  vessds.  This  lute  is  veiy  amreuiHii^ 
easfly  dries,  becomes  solid,  and  sofliaaitly 
flmu  Of  this  lute,  vcsmIs  may  be  Ifarmed 
hard  enough  to  bear  polishing  on  the  wfaed. 

Lasdy,  when  add  and  oomdve  vaptmii  aie 
to  be  contained,  we  muat  then  hnve  Mtamae 
to  the  lute  called /K  Ivies.  This  lute  fa  made 
by  forming  into  a  paste  some  dried  ci^  fine^ 
powdered,  siAed  duougfa  a  siihwi  seaRe,  and 
moistened  with  water,  and  dien  l>y  bcatmgdiis 
paste  wdl  fai  a  mortar  whh  boOed  fanaeed  oH, 
tiiat  is,  oil  iriudihas  been  rendered  diyhig  fay 
Udiaige  dinolved  initt  andfitfortfaenaeof 
painters.  This  lute  easity  takes  and  i 
the  fomi  given  to  it  It  is  ^enc  " 
into  cyKn£rs  of  a  convenient  sue. 
to  be  applied,  bT  flattening  them,  to  die  johu 
ings  of  the  vessds,  wludi  ou^t  to  be  ] 
dry,  because  the  least  mobtnre  i 
the  lute  from  adhering.  When  die 
are  wdl  dosed  widi  tUs  fot  lute,  the  y 
to  be  covered  with  slips  of  linen  spread  widi 
lute  of  lime,  and  whites  of  eg{^  These  slips 
an  to  be  fintened  with  packthread.  The 
second  lute  is  necessary  to  keep  on  the  ^ 
lute,  because  diis  latter  remains  soft,  and  does 
not  become  solid  enough  to  sdck  on  alone. 

Fine  poreeiaitt  day,  mixed  with  a  aointian 
of  borax,  is  wdl  adapted  to  iron  vesada,  die 
part  received  into  an  apcrtnre  ben^  smeared 

LYOOPODIUM.  ThefineduatoflToo- 
podium,  or  dubmoes,  is  propedy  the  seeib  of 
the  plant,  and  when  difiiucd  or  strewed  in  the 
sir,  it  takes  fire  from  a  candle,  and  buzu  off* 
like  a  flash  of  lighmmg.  It  is  used  in  the 
Liondon  theatres. 

I/YDIAN  8TONB.    Flinty  date. 

LYTHRODES.    See  Scapoutx. 


M 


MACERATION.     The  steqphig  of  « 
body  in  a  cold  liquor. 

MACLUREITE.    Brucxte. 
-    MADDER,  a  substance  veiy  extendvdy 
employed  in  dyeing,  is  the  root  of  the  rubik 
tinctorum. 

AldiouEh  nudder  will  grow  bodi  in  a  stiff 
dnyey  soil  and  in  sand,  it  lucoesda  better  in  a 


moderatdy  rich,  soft,  and  somewhat  asndy 
sdls  it  is  culdvattd  in  many  of  the  provinces 
of  France,  in  Alsace,  Normandy,  and  Pro. 
vence:  the  best  of  Euronei  growth  is  that 
which  comes  from  Zealand. 

The  best  roots  arc  about  the  thickness  of  a 
goose  quill,  or  at  most  of  the  little  finger :  diey 
are  scmitran^arent,  and  of  a^tcddish  colour; 
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tfa^  law  ■  tinog  ttmll,-  nd  tfio  birit  is 

Hellot  MOsiNi  ^tuperioiEfty  of  tbe  madder 
'wtiidi  ccNMi  irooi  the  Ijefsnt  to  the  ciiciuib- 
Btaooe  of  in  haviiig  been  dded  hi  the  open 
air. 

The  red  eokmriiiff  matter  of.  madder  may 
be  dindlTed  bt  aloobol,  and  on  erapomtioii  a 
rendiram  of  a  deep  red  ie  left.  Fized  alkali 
Ibims  in  this  eohithn  a  violet,  the  eulphuric 
acid  a  ikim-^olomed)  and  the  mlphate  of 
potaafar  a  &ie  red  predpilate.  AedpitBtes  of 
▼arions  abadee  maj  be  obtMoed  by  ahim, 
nttre,  cliall^  sugar  of  lead,  and  the  muriate  of 
tin. 

The  quantity  of  aqueeos  dilodne  reqimed 
to  destroy  the  ecdonr  of  a  decoction  of  madder 
is  doaUe  irhai  hi  Deoeesaiy  to  destroy  that  of 
a  decoetion  of  an  equal  wogfat  of  bnisa  ivood. 
Wool,  would  receive  mm  madder  only  a 
pffiahahle  dye,  if  tha  adenang  partida  wen 
not  fixed  by  a  base,  vrUeh  occasioDB  them  to 
cmttbhie  with  die  stuff  mom  inthnatdy,  and 
whidi  in  some  measure  defends  tliem  ftom  the 
deBtractrve  influence  of  the  afar.  For  dds 
purpose,  the  woollen  stafis  aie  frst  boiled  ibr 
two  or  diree  hours  with  slam  and  tartar,  after 
wMdi  tbey  are  left  to  dram ;  they  are  then 
aliglitly  wrung  and  put  into  a  hnen  bag,  and 
carried  into  a  cool  place,  where  they  are  suf- 
fered to  remain  for  some  days. 

The  qnanddes  of  alam  and  tartar,  as  wdl 
as  their  proportions,  vary  much  in  dificreat 
manuftu^toiies.  Hellot  recommends  five  ounces 
of  alum  and  one  ounce  of  tartar  to  eadi  pound 
of  wool;  if  the  proportion  of  tartw  be  inaeassd 
to  a  certain  d^ree,  instead  of  a  red,  a  deep 
and  durable  dbmamon  coloor  is  produced, 
beoense,  aswefaaveseen,acidshaveatendaicy 
to  g^ve  a  ydhnr  tmge  to  the  oolenring  particles 
of  madder.  Barthollet  found,  diat  by  em- 
ploying  one-half  tartar,  the  colour  scaisSbly 
boidered  mate  en  the  cinnamon  than  when  the 
proportion  was  only  ene*fonrth  of  the  alum. 

In  dyeing  with  madder,  the  bath  mutt  not 
be  pennitted  to  boil,  because  that  degree  of 
Ikeat  would  dissolve  the  fawn.«olouied  pttddes, 
wliieh  are  less  soluble  dum  die  red,  and  the 
colour  would  be  difoent  fiom  that  whidi  we 
wish  to  obtain. 

The  quantity  of  madder  which  Mr.  Poener 
emidoys  is  only  one-third  of  die  weight  of  the 
eool,  and  Sdiaefibr  advises  only  one-fourth* 

If  wool  be  boiled  fbr  two  hours  with  one- 
fourth  of  sulphate  of  iron,  dien  washed,  and 
^ifterward  put  into  odd  water  with  one-fimrth 
of  madder,  and  then  boiled  for  an  hour,  a 
coffee  cdour  is  psodoeed.  Bergmann  adds, 
that  if  die  wool  have  not  been  soaked,  and  if 
it  be  dyed  with'ane  part  of  sulphate  of  iron 
and  two  of  madder,  the  brown  obtained  holders 
upon  a  red. 

Berthollet  employed  a  solution  of  tin  in 
various  ways,  V>di  in  die  piepaiation  and  in 
die  maddoing  of  dodi.    He  used  difierent 


jNilntionsof.tia,  and  found  dtat^hatfaiiims 
always  more  yellow  or  fawn-coloured,  though 
sonwithnfiii  brighter  than  that  obtained  by  £e 
common  process* 

Mr.Oufaliche  descnbes  a  process  for  dyeng 
dlk  with  madder :  For  one  pound  of  sUk  be 
.otdscs  a  bath  of  four  ounces  of  ahini^  and  one 
ounceof  aedtttionof  tm;  the  liquor  is  to  be 
Jeft  to  settle,  when  it  is  to  be  decanted,  and  the 
sOfc  carefoUy  sodbed  m  it,  and  left  for  twdve 
boon;  and  after  this  preparation,  it  is  to  be 
immersed  in  a  bath  containing  half  Impound  of 
madder  softened  by  boiliog  with  an  infusion 
of  galls  in  whhe  wine:  this  bath  is  to  be  kept 
modfaatBJy  hot  for  an  hour,  after  which  it  is 
to  be  macb  to  boil  foe  two  minutes.  When 
taken  from  the  bath,  the  silk  is  to  be  washed 
in  a  stream  of  water,  and  dtied  in  the  sun. 
Mr.  Guhliche  compenes  the  cdour  thus  db- 
tained,  idiidi  is  wy  permanent,  to  the  Turkey 
red.  If  the  gaUs  be  left  out,  the  cokmr  is 
dearer.  A  great  degree  of  bn^mess  may  be 
oommunicated  to  the  first  of  these,  by  af^- 
ward  pasdag  it  through  a  bath  of  biasil  wood, 
to  whidb  one  ounce  of  solation  of  tin  has  been 
added:  the  colour  thus  obtained,  he  says,  is 
very  beautiful  and  durable. 

The  madder  red  of  cotton  is  distbigaished 
into  two  kinds :  one  is  called  dmple  idadder 
red;  die  othei^  whieh  is  mnch  brighter,  is 
called  Turkey  or  Adrianople  red,  .because  it 
cornea  from  the  Levant,  and  has  seldom  been 
equalled  in  brightneia  or  durability  by  our 
artists. 

OaUs  or  sumach  dispose  thread  and  cotton 
to  reodve  the  madder  cdour,  and  the  proper 
saordant  is  aeetate  of  alumina. 

The  nitrBle  and  muriate  of  iron  as  a  moe- 
fflant  produces  a  better  efi^  dian  the  sulphate 
and  acetata  of  die  seme  metal ;  they  afford  a 
beantifhl,  wdl  saturated  violet  colour. 

Hie  Adrianople  red  possesses  a  decree  of 
brighmess,  which  it  is  difficult  for  us  to 
appraadi  by  any  of  iht  pmoeeses  hitherto 


Some  years  ago,  Mr.  PapiUon  set  up  a  dye- 
house  fbr  this  red  at  Gksgow ;  and  in  1790 
the  commisdaners  for  manufoctures  in  Soot- 
land  paid  him  a  premium,  for  communicating 
his  process  to  the  late  Pro£  Uack,  on  condition 
of  Its  not  being  divulged  for  a  certain  temi  of 
years.  The  time  being  expired,  it  has  been 
made  public,  and  is  as  follows : — 

Step.  /.--For  100  lbs.  of  cotton,  you  must 
have  100  lb.  of  Alicant  barilU,  20  lb.  of  pearl 
,  100  lb.  of  quicklime. 

The  bariUa  is  to  be  mixed  widi  soft  water 
in  a  deep  tub,  which  boa  a  small  hde  near 
the  bottom  of  it,  stopped  at  first  widi  a  peg. 
This  hole  is  to  be  coveted  in  the  bidde  with 
a  doth  supported  by  two  bricks,  that  the  ashes 
may  be  prevented  from  running  out  at  iu  or 
stoppmg  it  up,  while  the  ley  Alters  dnongh  it. 
Uncter  this  tub  must  be  another,  to  reodve  the 
ley,  and  pure  water  is  to  be  passed  repeatedly 
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Chtough  the  flist  tab,  to  fbrm  leys  of  diffemt 
utieo^h,  wliidi  are  kept  teparate  until  their 
strength  ia  examined.  The  sbtm^t  requix«d 
for  usfr  must  float  an  egg,  and  u  called  the 
ley  of  six  degrees  of  the  Frendi  hydrometer. 
The  weaker  are  afterwards  brought  to  this 
strength  by  passmg  them  through  fresh  ba- 
rilla; but  a  certain  quantity  of  the  weak, 
which  is  of  two  degrees  of  die  above  hydros- 
meter,  is  reserved  for  diseolTing  the  <^  the 
gum,  and  the  salt,  which  are  used  in  subse- 
quent  parts  of  the  process.  This  ley  of  two 
degrees  is  called  the  weak  barilla  liquor ;  the 
other  the  strong. 

Dissoiye  the  pearl  ashes  in  ten  paila,  of  four 
gallons  each,  of  soft  water,  and  the  lime  in 
fourteen  pails. 

Let  all  the  liquors  stand  till  they  become 
quite  dear,  and  then  mij^  ten  pails  of  each. 

Boil  the  cotton  in  this  mixture  five  hours, 
then  wash  it  in  running  water,  and  dry  it 

Step.  II.  Bain  bi»^  or  gray  wteep, — Take  a 
sufficient  quantity  (ten  pails)  of  the  strong 
barilla  water  in  a  tub,  and  mix  with  it  two 
pulfuls  of  8heep*s  dung ;  then  pour  into  it  two 
quart  bottles  of  sulphuric  acid,  one  pound  of 
gum-arabic,  and  one  pound  of  sal  ammoniac, 
both  previously  dissolved  in  asuflkient  quantity 
of  weric  barilla  water ;  and,  lastly,  twenty-flve 
pounds  of  olive  oil,  previously  dissolved,  or 
well  mixod  with  two  pails  of  the  weak  barilla 


The  malerialB  of  this  steep  being  well  mixed, 
tread  down  the  cotton  into  it  until  it  is  well 
soaked ;  let  it  steep  twenty-fbur  hours,  then 
wring  it  hard,  and  dry  it. 

Steep  it  again  twenty-four  hours,  and  agata 
wriiig  and  diy  it. 

Steep  it  a  third  time  twenty-foor  hours, 
af^  which  wring  and  dry  it;  and,  lastly, 
wash  it  weU,  and  dry  it 

Step.  III.  The  white  tteep.^T\nB  mat  of 
the  process  is  precisely  the  same  with  the  last 
in  every  particular,  except  that  the  sheep's 
dung  is  omitted  in  the  composition  of  the 
steep. 

Step.  IV,  GaU  steep. — ^Boil  twenty-five 
pounds  of  bruised  galls  in  ten  pails  of  river 
water,  until  four  or  five  are  boikd  away ;  strain 
the  liquor  into  a  tub,  and  pour  cold  water  on 
the  ndls  in  the  strainer  to  wash  out  of  them 
all  their  tincture. 

As  soon  as  the  liquor  is  become  milk-warm, 
dip  your  cotton,  hank  by  hank,  handling  it 
cttefully  all  the  time,  and  let  it  steep  twenty, 
four  hours.  Then  wring  it  ouretully  and 
equally,  and  dry  it  well  without  wasiiing. 

Step.  r.  First  alum  iteep, — Dissolve  twenty  • 
five  pKninds  of  Roman  alum  in  fourteen  pails 
of  warm  water,  without  making  it  boH,  skim 
the  liquor  well,  add  two  pails  of  strong  barilla 
water,  and  then  let  it  cool  until  it  is  luke- 
warm.- 

Dip  your  cotton,  and  handle  it  hank  by 
hank,  and  let.it  steep  twenty.four  hours; 


wrin^  it  eqaaBy,  and  dry  it  wett  witboc: 
washmg. 

Step.  VL  Second  aUtm  eteepn-^TtiA  \k  in 
every  particular  like  the  last ;  bat  after  the 
eotton  is  dry,  steep  h  dx  hoois  in  die  tiver, 
snd  then  wash  and  dry  it 

Step.  VII,  Dyeimg eteep.^Th%txmK^} 
dyed  by  about  ten  pounds  at  once,  for  vfaidi 
take  about  two  gallons  and  a  half  of  bullocb' 
blood,  mix  it  in  the  copper  with  twennr^glK 
pails  of  milk-wann  water,  stir  it  weU,  add 
twenty-five  pounds  of  madder,  snd  lasd?,  tor 
all  well  together.  Then  having  hdatdisA 
put  the  cotton  on  sticks,  dip  it  into  tlie  liqoor, 
and  move  and  turn  it  constandy  one  hoor, 
during  which  graduaUy  increase  the  hesx  until 
the  liquor  begins  to  boU  at  the  end  of  the  hour. 
Then  sink  Ae  cotton,  and  boil  it  gently  ooe 
hour  longer ;  and  lastly,  wash  it  and  diyit 

Tske  out  so  much  of  the  boiling  liqnor,  thit 
what  remains  may  produce  a  miflc-wans  beat 
with  the  fresh  water  with  which  the  ooppeis 
agahi  filled  up,  and  then  proceed  to  make  ap 
a  dyeing  liquor,  as  above,  for  the  not  ica 
pounds  of  cotton. 

Step.  VIII,  Tkefi^^ngOtep.'^VixJi^ 
parts  of  the  gray  steep  liqoor  snd  of  the  viute 
steep  liquor,  tsJdog  fi'ft  or  six  pails  of  eacft 
Tread  down  the  cotton  into  this  mixtore,  icd 
let  it  steep  six  hoois:  then  wring  it  modeiatdjr 
and  equally,  and  dnr  it  without  washing. 

Step. IX.  Brightem^steep^Tmrn^ 
of  white  soap  must  be  dissolved  very  caiwilijr 
and  completely  in  sixteen  or  eighteen  paiu  « 
warm  water:  if  any  Uttle  bits  of  the  a»P 
ramdn  undisadlved,  Aey  will  make  spote  f» 
the  cotton.  Add  four  pails  <rf  strong  bum 
water,  and  stir  it  wdL  Sink  the  cotton  in  ttis 
liquor,  keqpmg  it  down  with  cm»  sticts,  aua 
cover  it  up ;  boa  it  gently  two  houn,  then  waffl 

it  and  dry  it,  and  it  is  finished. 

MADREPORES.  A  spedes  of  cord,  w 
feoophyte  of  naturalists,  llicy  consist  of  a^ 
bonate  of  lime,  and  a  little  animal  manDO- 
naoeous  substance.  ... 

MAGISTERY.  Chcmistsformeriysppwo 
this  term  to  ahnost  aU  precipitates :  at  prtsflw 
it  is  applied  only  to  a  few,  wbidi  have  rttvnea 
the  name  from  habitxial  usage.  ^ 

MAGISTERY    or    BISMUTH.    ^ 

MAGNESIA.  One  of  *e  PJ"^* 
earths,  havmg  a  metaliic  basis,  »**J,'^ 
nesium.   It  has  been  found  native  in  tftc  »■ 

of  hydrate.  .     .  ^^ 

MagnesU  may  be  obtained,  by  1^°^  " 
a  sohition  of  its  sulphate  a  solution  ^^^ 

procured  in  commerce  by  **^^  ^/J^S^U, 
limestone  with  the  impure  muriateof  magn^JJ 
or  bittern  of  the  sea-salt  manuftctonfli.  ^ 
muriatic  add  goes  to  die  lim^  '"""IZ.i.of 
luWc  salt,  and  leaves  behind  *« '"ySlfli 
both  the  bittem and  limeatone.  Orthcw^"* 
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ifl  deoompoflcd  by  acrudesabeurboiiBte  of  am. 
tnonU,  obtaioed  ftom  the  distillation  of  bones 
in  iron  cylinders.  Mnxiate  of  ammonia  and 
aubcarbonate  of  magnesia  lesaU.  The  formex 
is  evaporated  to  dryness,  mixed  with  chalk, 
and  sublimed.  Subcarbonate  of^anunonia  is 
thus  recovered,  with  which  a  new  quantity 
of  bittern  may  be  decomposed ;  and  thus  in 
ceaseless  repetition,  forming  an  elegit  and 
economical  process.  100  parts  of  crystallized 
Epsom  salt  require  for  complete  decomposi- 
tion 66  oi  subourbonate  of  potsah,  or  44  dry 
aubcarbonate  of  soda,  and  yield  16  of  pure 
mwnesia  after  calcination. 

Magnesia  is  a  white,  soft  powder.  Its  spw 
gr.  is  2.3  by  Kirwan*  It  renders  the  syrup  of 
violets,  and  infusion  of  red  cabbage,  green,  and  . 
reddens  turmeric.  It  a  infusible^  except  by 
the  hydroxygen  blowpipe.  It  has  scarcely  any 
taste,  and  no  smeU.  It  is  nearly  iDBoluble  in 
water ;  but  it  absorbs  a  quantity  of  that  liquid 
with  the  nroduction  of  beat.  And  when  it  is 
thrown  down  from  the  sulphate  by  a  caustic 
alkali^  it  is  combined  with  water,  constituting 
a  hydrate,  which,  however,  sepsrates  at  a  red 
heat.  It  contains  about  one^burtfa  its  weight 
of  water. 

MHien  magnesia  is  exposed  to  the  air,  it  very 
slowly  attracts  carbonic  add.  It  combines 
with  sulphur,  forming  a  sulphoiet. 

The  metallic  basis,  or  magnesium,  may  be 
obtained  in  the  state  of  amalgam  with  mer- 
cury, by  electrisation,  as  is  described  under 
Babium;  but  a  much  longer  time  is  neces- 
sary. Sir  H.  Davy  sucoeedeid  also  in  decom- 
posing magnesia,  by  passing  potassium  in 
vapour  through  it,  heated  to  whiteness,  in  a 
tube  of  platinum  out  of  the  contact  of  air.  He 
then  introduced  a  small  quanti^  of  mercury, 
and  heated  it  gently  for  somrtime  in  Ae  tube. 
An  amalgam  was  obtained,  which,  by  distil- 
lation, out  of  the  contact  of  the  atmosphere, 
affinded  a  dark  grev  metallic  film,  infusible  at 
the  point  at  which  plate-glass  softened,  and 
whidi  in  the  process  of  the  distillation  of  the 
mercury  rendered  the  glass  black  at  its  point 
of  contact  with  it  This  fihn  buned  with  a 
red  light  when  heated  strongly,  and  became 
converted  ioto  a  white  powder,  which  had  the 
character  of  magnesia.  When  a  portion  of 
magnesium  was  thrown  into  water,  it  sunk  to 
the  bottom,  and  efiervesood  slowly,  becoming 
covered  with  a  white  powder.  Bv  adding  a 
little  muriatic  add  to  the  water,  tne  efferves- 
cence was  violent.  The  metal  rapidly  disa^ 
peered,  and  the  solution  was  fimnd  to  contain 
magnesia.  No  direct  experiments  have  as  yet 
been  made,  to  determine  tfie  jproportions  of  the 
elements  in  magnesia ;  but  from  experiments 
made  on  the  combination  of  this  substance 
with  sulphuric  add,  assuming  that  they  are 
in  single  proportions,  Dr.  Wollaston  infers 
the  equivalent  of  magnesia  to  be  2.46.  Hence 
magnesium  wtl  be  1.46.  M.  Gay  Lnsaac  has 
lately  experimented,  with  his  characteristic 


aecuTMy,  on  the  sulphate  of  magnesia,  an  J* 
finds  it,  when  crystallized,  a  compound  sf 
dry  sulphate  of  magnesia,  48.57 

water,  61.43.        # 
The  equivalait  number  for  the  dry  sul- 
phate is  7*47129,  whepce  that  for  magnesia 
is  2.47129,  approaching  very  nearly  to  Dr. 
WoIlaston*s  determination. 

When  magnesia  is  strongly  heated  in  con- 
tact  with  2  volumes  of  chlonne,  this  gas  is 
absorbed,  and  1  volume  of  oxygen  is  disen- 
gaged. Hence  it  is  evident  that  there  exists  a 
oombhiation  of  magnesium  and  chlorine,  or 
a  true  chloride.  Tne  salt  called  muriate  of 
magnesia  is  a  oonpound  of  the  chloride  and 
water.  When  it  is  acted^on  by  a  stfong  hei^ 
by  far  the  greatest  part  of  the  chlorine  unites 
to  the  hydjTOgen  of  the  water,  and  rises  in  the 
form  of  muriatic  add  gas$  while  the  oxygen 
of  the  decomposed  water  combines  with  the 
magnesium  to  form  msgnfaiia. 

Magnesia  is  often  associated  with  lime  in 
miner^,  and  thdr  perfect  separation  becomes 
an  interesting  problem  in  an^ysis.  M.  Ixnig- 
champ  has  published  a  valuable  paper  on  the 
subject,  in  the  12th  volume  of  the  Ann»  de 
Chim.  et  de  Phys. 

He  considers  aubcarbonate  of  ammonia  as 
the  best  reagent  for  separating  the  two  tearths. 
Care  must  be  taken  to  filter  ue  solution  from 
the  calcareous  predpitate,  shortly  after  the  ad. 
dition  of  the  subcarbonate.  If  it  stand  12  or 
18  hours,  subcarbonate  of  magnesia  fidls  with 
the  carbonate  of  lime.  100  parts  of  solution 
of  pure  muriate  of  lime  gave,  with  subcarbo- 
nate  of  ammonia,  1.6476  parts  of  carbonate  of 
lime:  100  of  the  same  solution,  previously 
mixed  with  muriate  of  magnesia  in  excess, 
yielded  1.6686  parts.  Alkalhie  subcarbonates 
dissolve  the  subcarbonate  of  magnesia ;  but 
caustic  potash  precipitates  magnesia  perfectly, 
dther  with  or  withoUt  heat.  Henbjects  to  the 
method  of  separating  these  eartlu,  by  first 
converting  them  into  sulphates ;  fint,  on  ac- 
count of  the  great  difficulty  of  driving  off  the 
water  from  the  sulphates  of  magnesia;  se- 
condly, from  the  difficult  solubUity  of  heated 
and  dry  sulphate  of  magnesia  in  watcf ;  and 
thirdly,  because  the  sulphate  of  magnesia  is 
partly  decomposed  at  very  high  heats. 

Magnesia  is  chiefly  used  as  an  antadd,  pur- 
gative, and  lithontriptic  in  medicine.  When 
mcautiously  used  for  a  long  time,  it  may  pro- 
duce very  serious  evils,  of  which  a  remarkable 
case  is  narrated  by  Mr.  firande,  in  the  1st  vo- 
lume of  his  Journal  A  lady  was  recom- 
mended to  take  magnesia,  in  consequence  of 
some  very  severe  nephritic  attacks,  accom- 
panied with  the  passage  of  gravel.  She  was 
desbcd  to  take  a  tea-spoonful  every  night ; 
and  Henry's  calcined  magnesia  was  prefe^ed, 
as  that  always  operated  mxin  the  bowels,  and 
^^  carried  itself  (]3F,**  which  other  magnesia  did 
not,  but,  on  the  contrary,  felt  heavy  and  uneasy 
on  the  stomach.    The  dose  was  gradually  in- 
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i«»  two4aMpxiiifiilf,liioitetDpN- 
Ibct  npaa  the  bowda,  which  this  quui' 
titj  oercr  failed  to  do.  Ths  qrmpttiiDt  for 
which  it  was  ordered  wvre  soon  removed,  but 
the  plan  wag  pcnevered  io  for  two  yeats  anda 
half,  with  little  intemuaaioD ;  ao  that  as  the 
eTCiaga  wdght  of  a  tea-ipoaiifiil  is  *t  kaat  40 
grains,  and  tiie  averagedoae  waa  a  tea-apoonfal 
and  a  half,  it  may  be  pfesamad  that  she  took, 
daring  the  abore  Mned,  between  9  and  10 
poimda  troy.  ^  In  the  course  of  the  lost 
antttnm  she  became  aensibieof  a  tendcmesain 
the  left  aide,  joat  above  the  grofai,  connected 
widia  deep-eeated  tumour,  obseuidy  to  be  fdt 
upon  tnesBOK,  and  subject  to  atlaclES  of  con- 
aapatua,  wHh  painfal  yumodir  action  of  the 
bowds.  tanemus,  and  a  h%hlf  initable  state 
of  stomadk  Theae  attacka  recaned  every  two 
or  anee  weeks,  vazying  in  viidenoe,  but  te- 
quiring  the  use  of  active  icmediea.  8ev«nd 
imgaMt  humps,  of  a  soft  lighubnnm  aub-^ 
atance,  were  voided,  having  the  Appeamaca  of 
A  large  mass  broken  down,  and  wbai  dry  es* 
tremely  friable.  A  port  of  each  waa  subjected 
to  analysiB,  and  mad  to  oonsial  cntiiely  of 
onbcaibonole  of  magnesia^  concreted  by  the 
mncos  of  the  bowds,  in  the  piopcrtkm  of  about 
40  per  cent.  8hC  was  cured  by  the  use  of 
odier  pQigativea."  Another  case  ia  mentioned 
in  whidi  not  only  large  quantities  of  a  oonere- 
tion  of  a  dmilsr  desaiption  were  voided,  but 
upon  examination  after  death,  which  todc 
piaoe  parfaafia  six  months  after  any  magnesia 
liad  been  taken,  a  collection  supposed  to  be 
from  four  to  six  pounds  was  found  Imbedded 
in  the  head  of  the  colon,  which  waa  of  conioe 
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scribed  under  me  adds. 

MAGNESIA  (J^TonATK  OP>  1%b 
mineral  was  found  by  Dr.  Bruce  of  Nev 
York,  in  small  relno  in  setpentiaeatHobobD, 
in  New  Jersey.  Colour  white.  MaoTc. 
Loom  pearly.  IVaeture  IbHaled  or  nufiatei 
SecMttaiispaient  in  the  mass;  tnaMpaicotni 
aingle  folia.  Soft,  and  somewhat  dattic.  Ai 
heiea  dightly  to  the  tongue,  ^.gr.2.13. 
SdaUe  in  adds.  Its  eenatitnents  are  mif- 
neda  70,  water  30,  whsdi  approadies  to  1 
paime  equivalent  of  each. — Jamnom^ 

MAONESIAN  lilBCESTONE.  See 
Dolomite. 

MAGNESITB.  Colour  ydl»wisli.«K7* 
or  yeIlowidi.white,  and  marked  widi  spots. 
It  occun  maaaive,  tubooae,  reniibrm,  u^ 
vesicHlar.  Surface  rou^  Dull,  fntsm 
oottcfaoidaL  Fragments  nther  sharp-edged. 
Opa^po.  ScM&d  by  Ihior  qpar,  but  if 
anrotchea  calcanooa  spar.  It  adhero  prettj 
strongly  to  die tonguew  It  feels  rsthermogie. 
Streakdnll.  Rather  easily  fnngtUc;  ^^• 
2.681.  Infbslble;  but  before  the  Unrpipe 
k  bacemes  ao  hard  aa  to  sctaldi  glss.  ftt 
constituents  are,  46  magnesia,  51  caibaiicMi^ 
1  ahunina,  0.36  ferraginoua  manffSDese,  0.1« 
lime,  1  water.— ir»c*ofa.  It  vt  «mM  ^ 
Hrabsduti  in  Moravia,  in  serpentine  itxis. 

MAONETIC  IRON  ORB,  iin)  PY- 
RITES.   See  Orks  of  Iaok. 

MALACHITE.  See  Onw  or  Coppb» 

MALACHOLITE.    Sahlite. 

MALATBS  AKD  MALIC  ACID.  ^ 
Acid  (8orbic>. 

MALLEABILITV.    Sec  Dvctuitt. 


TASLJB  of  the  MaUeabiHty  and  DmeHiUif  qfihe  MeUiU^fiom  TmiSiM^' 
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Gold 

OM 

gST 
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Copper 
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Iron 
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Iron 
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Copper 
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Lead 

Cobalt 

Ztoc 

Zinc 
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Lead 
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Molybdenum 
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Psnadium 

Rhodium 
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Platinum 

Tellunum 

Cadmfami? 

Potaasium 

Tungsten 

SUver 

Titanium 

Sodfaim 

Uranium 
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MALT.  Ontn  whfch  has  became  ft vect, 
from  the  coDTecsion  of  its  starch  into  fugax^ 
by  an  lodpieDt  powth,  or  genniiuitien  arti* 
fidally  induced,  called  malting.    See  Beer. 

MALTHA.  The  mineral  tallow  of  Kks* 
wan,  said  to  have  been  found  on  the  ooaat  of 
Fiidand.  It  lesemUes  wax.  Its  spec*  gray, 
is  0.77>  It  is  white,  brittle,  stains  paper  like 
oil,  melts  with  a  modemte  heat,  aad  bmns 
with  «  blue  flame  and  much  smoke.  It  dis- 
solves readily  in  oil,  and  imperfectly  in  hot 
aloohoL 

MANGANESE.  A  metal  of  a  dull  whitish 
colour  when  broken,  but  which  soon  grows 
dark  by  osidatifm,  from  the  action  of  t!^  air. 
It  Is  hard,  brittle,  though  not  pulverizable, 
and  rough  in  its  fracture ;  so  difficultly  fusible, 
that  no  heat  yet  exhibited  has  cauaed  it  to  run 
into  masaea  of  any  considemble  magnitude. 
Its  sgedSc  gmvity  is  84)i.  When  bfoken  m 
pieces,  it  falls  into  a  powder  by  spontaneous 
ozidadon. 

Manganese,  heated  in  oxygen  or  cfalonne, 
takes  fin  and  forms  an  oxide  or  chloxide.'  It 
has  been  thought  difficult  to  decide  on  the 
oxides  of  manganese. 

According  to  Sir  H.  Davy  there  are  two 
oxides  only,  the  oUve  and  the  black;  Mr« 
Biande  has  three,  the  olive,  dark  red,  and 
black ;  M.  Thcuard  has  four,  the  green,  the 
white  (in  the  state  of  hydrate),  the  chesmut- 
brown,  and  the  black ;  Beneiius  has  five,  the 
^t  grey,  the  aecondgzeen^  the  third  and  fourth 
are  not  wdl  defined,  and  the  fifth  is  the  bhusk. 

Two  oxides*  however,  are  well  defined. 

1.  The  first  oxide  may  be  obtained  by  dis- 
solving comnum  black  manganese  in  snlphtt- 
lie  or  nitric  acid,  adding  a  little  sugar,  and 
precipitating  by  solution  of  potash.  A  white 
powder  ia  obtained,  which  beiDg  heated  to 
redness  out  of  the  contact  of  air,  becomes  yel- 
low, pDce-ooloured,  and  lastly  red-brown.  7W 
be  preserved,  it  should  be  yasfaed  in  btfilmtf 
water,  previoQsIy  freed  from  air,' and  then  dried 
by  distilling  off  the  nunstnre  in  aietort  filled 
with  hydrogen.  The  dark  oUve  oxide,  when 
examined  in  large  quantities,  appears  almost 
black ;  bnt  when  sfnead  upon  white  paper,  its 
dive  £bit  is  apparent.  It  takes  fire  when  gently 
heated,  increases  in  weight,  and  acqimts  a 
browner  tbit.  It  slowly  absorbs  oxygen  ttam 
the  air,  even  at  common  tempeiatmres.  It 
^^ves  m  adds  without  efPervesoence.  The 
^te  powder  obtained  above  is  the  hydrated 
protoxide.  The  different  tints  whidi  it  assumes 
by  exposure  to  air  are  ingenionsly  supposed 
by  Sir  H.  Davy  to  depend  on  the  formation 
of  variable  quantities  of  the  black-brown  oxide, 
^ch  probably  retaaas  the  water  oontafaied  in 
the  white  hydrate,  nd  is  hence  deep  puee- 
cdonred. 

2.  The  Uack  peroxide.  Its  sp.  gr.  is  4.  If 
dow  not  combme  with  any  of  the  adds.  It 
TieUs  oxygen  wftm  heated ;  and  by  intense 
^nition  passes  in  a  great  measure  into  the 


protoxide.  AeoMdhigt68irH.Dayy,tfaeo1Ive 
oxide  consists  o£-. 

Manganesinm,  -  79 

Oxygen,        -  -  21 

And  the  black  oxide,  of 

Manganesium,  .  09 

Oxygen,  about         -  31 

He  considers  the  first  as*  a  deutoxide, 
whenee  the  prime  equivalent  is  infierred  to 
be  7-683. 

The  olive  oxide,  . 7-633met  +  2.  ox. 

Oiv  80.  +20. 

The  Uack  oxidewiB  be,  7-638        +  8. 
Or,  71-5  H-28. 

The  compound  of  the 

first  with  water  is  a 

deutohydmte,  or  7*688        -f  2-26w. 

The  olive  oxide  becomes  green  by  the 
aedon  of  potash,  whence  Sir  H.  accounts  Ibr 
the  mistakes  of  chemists  rdative  to  a  green 
oxide.  In  this  case  there  is  a  oomblnatioii. 
See  Game  LEON  Mikeiul. 

By  Dr.  Thomson's  experiments,  with  wfaidi 
my  own,  subsequently  made  in  a  diffiarent  way, 
ag^ee,  the  protoxide  consists  of  8*6  metal  Hf- 
1  oxygen;  the  2d  of  3*6 -f  2;  whence  this 
prime  equivBlent  appears  to  be  3-6. 

The  chlmide  may  be  conveniently  obtained 
by  ignitmg  the  muriate  of  manganese.  It 
thus  appears  as  a  pale  pink-cok>ured  sub- 
stance, semitransparent,  and  in  brilliallt  scales. 
It  Is  a  compound  of  3*766  metal  +  4-6  chlo- 
rine,  from  the  experiments  of  Dr.  John  Davy. 

Sir  H.  Davy  b  indhied  to  bdieve,  that  the 
oUve  oxide  is  the  only  one  which  enters  into 
combination  with  vitrifiable  substances. 

The  salts  of  manganese  have  been  little 
studied.  They  are  nMStly  ftoluUe  in  waten 
FoTopnuidate  of  potash  gives  a  white  pre^ 

white 
0 


[ydrdsuljAuie^ 


Sulphttrettod  hydrogen, 

Gallic  add,  -  -         0 

Succinate  and  bensoate  of  am.        0 

Concentrated  sulphuric  add  attacks  man- 
ganese, at  the  same  thne  that  hydrogen  gas  is 
disengaged.  If  sulphuric  add  be  added,  and 
drawn  off  by  distiDation  several  times  ftom 
the  black  oxide,  by  a  heat  nearly  approach- 
ing to  ignitkxi,  in  a  g^  vessel,  it  Is  found 
that  oxygen  gas  ia  disengaged  toward  the  end 
of  eadi  process,  and  part  of  the  oxide  is  dis- 
adlved.  The  solution  of  the  sulphate  made 
from  the  metal  itMlf  is  colourless.  If  it  be 
made  from  the  blade  oxide,  it  is  a  purplish- 
rod  ;  but  this  colour  is  destroyed  by  the  light 
of  the  son,  and  again  restcnml  by  removing  the 
solution  into  the  dark. 

Sulphurous  add  dissolves  the  oxide,  taking 
part  of  its  oxygen,  whidi  converts  it  into  sul- 
phuric add,  thus  forming  a  sulphate  with  the 
remaining  oxide. 

Nitric  acid  dissolves  manizanese  with  effer- 
vescence, and  the  escape  <n  niti^s  gas.  A 
spongy,  bhtfk,  and  fnable  matter  remains, 
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wbkliiiacttButeK^iron.  The  solatkxi  doa 
Dot  afford  crystals.  The  oxide  it  more  readily 
soluble  in  diixobb  acid. 

Manganese  is  disMdved  in  Ae  asixal  man- 
ner by  muriade  add.  The  solation  of  maii- 
ganese  in  muriatic  add  scaicely  afibrda  crystals ; 
but  a  deliqaesoe&t  saline  mass  by  evaporation, 
wbidi  is  soluble  in  alcohol. 

In  the  dry  way,  the  oxide  of  numganeae 
combines  with  audi  earths  and  saline  subatanoes 
as  are  capable  of  undergoing  fuaioo  in  astnmg 
heat  These  experiments  aie  most  advan- 
tagoously  perfbnned  by  (he  blCwpipe,  which 
see. 

This  metal  mdts  readily  with  most  of  the 
other  metals,  but  rejects  mercury.  Gold  and 
iron  are  rendered  more  fusible  by  a  due  ad- 
dition of  manganese ;  tfid  the  latter  metal  is 
fOidered  more  ductile.  Copper  becomes  leas 
fusible,  and  is  rendered  whiter,  but  of  a  colour 
subject  to  tarnish. 

The  ore  of  manganese,  which  is  known  in 
Derbyshire  by  the  name  of  black  wadd,  is 
remarkable  for  its  spontaneous  inflammation 
with  oO.  It  is  of  a  dark-brown  cokiur,  of  a 
fiiable  earthy  appearance,  partly  in  powder, 
and  partly  in  lumps.  If  half  a  pound  of  this 
be  dried  before  a  fire,  and  afterward  suffered 
to  cool  for  about  an  hour,  and  it  be  then 
loosdy  mixed  or  kneaded  with  two  ounces 
of  linseod  oil ;  the  whole,  in  something  more 
than  half  an  hour,  becomes  gradually  hot, 
and  at  length  bunts  into  flame.  This  effect 
wants  explttution.  It  seems,  in  some  measure, 
to  resemble  the  inflammation  of  .oils  by  the 
nitric  add. 

Manganese  was  used  chiefly  by  gUss-makers 
and  potters,  bat  the  hnportant  discovery  of 
diloiinc  has  greatly  extended  its  utility.  See 
Bleachiko. 

MA  NNA.  Several  vtgetabies  afibrd  man. 
na ;  but  the  ash,  the  laneh,  and  the  alhagi, 
afford  it  in  the  hugest  quantities. 

The  tah  which  affords  manfia  grows  na. 
turally  in  all  temperate  climates ;  but  Calabria 
and  Sicily  appear  to  be  the  moat  natural  coun^^ 
tries  to  this  tree. 

The  manna  flows  naturally  from  the  tree,  and 
attaches  itself  to  its  sides  in  the  form  of  white 
transparent  drops ;  but  the  extraction  of  this 
juice  is  fiuilitated  by  incisions  made  in  the 
tree  during  summer. 

Its  smell  is  strong,  and  its  taste  sweetish 
and  slightly  nauseous :  if  exposed  on  hot  coals, 
it  swdk  up,  takes  flre,  and  leaves  a  %ht  bulky 
ooaL 

Water  totally  di^lvea  it,  iriiether  hot  or 
cold.  If  it  be  boiled  with  lime,  darified  with 
white  of  egg,  and  concentrated  by  evaporation, 
it  afibrds  crystals  of  sugar. 

Manna  aflbrds,  by.  distillation,  water,  add, 
oil,  and  ammonia :  its  coal  aflbrds  fixed  al- 
kali. 

This  substance  forms  the  basis  of  many  pur- 
gative medicines.  • 


MANURES.  Animal  and  vegetaHlem;;!. 
ten  introduced  into  the  soil,  to  aoDelemtie  to. 
getation,  and  increase  the  prodactiaii  of  oopL 
They  have  been  used  since  the  eaxUest  pcriodi 
of  agriculture.  But  the  manner  in  «hidi 
manures  act,  the  best  modes  of  apphring  them, 
and  their  rdative  value  and  disability,  were 
little  understood  till  the  great  chemist,  vbo 

Sve  new  lustre  to  the  whole  adenee,  tursei 
I  mind  to  this,  its  darkest,  but  most  imp(?u 
ant  application.  I  conodve  it  will  be  doing  s 
service  to  sodetv,  to  aid  the  diffusion  of  tU 
light  springing  nom  the  invaluable  researches 
of  Sir  H.  Davy,  by  inserting  the  fi^wir^ 
short  abstract  fiom  his  Agricultnial  Ci^- 
mistry.  * 

The  pores  in  the  fibres  of  the  roots  of  phiai 
are  so  small,  that  it  is  with  dlfficultj  they  cm 
be  discovered  by  the  microecope;  it  i*  not 
therafore  piobable,  that  solid  substance  c<m 
pass  into  them  from  the  soil.  He  tried  aa 
experiment  on  this  subject :  some  impalpabl;; 
powdered  charcoal,  procured  by  washing  guc- 
powder,  and  dissipating  the  sulphur  by  beat, 
was  pkused  in  a  phial  containing  pure  vatir, 
in  which  a  plant  of  peppermint  was  growirg: 
the  roots  of  the  plant  were  pretty  genoallj  ii 
contact  with  the  charcoaL  The  expcrimtni 
was  madfe  in  the  begtnnmg  of  May  1805 :  th^ 
growth  of  the  plant  was  very  vigorous  duric« 
a  fortnight,  when  it  was  taken  out  of  the  phial ; 
the  roots  were  cut  through  in  different  parts; 
but  no  carbonaceous  nutter  could  be  d>4u 
covend  in  them,  nor  were  die  smallest  fibrils 
blackened  by  charcoal,  though  this  must  have 
befan  the  case  had  the  charcoal  been  absorbed 
inasolid  fbnn. 

No  substance  is  more  necessary  to  plants 
than  carbonaceous  matter;  and  if  diia  camiot 
be  introduced  into  the  organs  of  plants  except 
in  a  state  of  solution,  there  is  every  reason  to 
suppose,  that  other  subsianccs  le»  essential 
will  be  in  the  same  case. 

He  found,  by  some  experiments  made  in 
1804,  that  plants  introduced  into  strong  fresh 
Bolutionsof  sugar,  mudlage«tanning  ptindple, 
jdly,  and  other  substances,  died ;  but  that 
plants  lived  in  the  same  solutions  after  they 
bad  fermented.  At  that  time,  he  supposed 
that  fermentation  was  necessary  to  prepare  the 
food  of  plants ;  but  he  afterwards  found,  that 
the  deleterious  effect  of  the  recent  vegetable 
solutions,  was  owing  to  tliehr  being  too  coo- 
centrated ;  in  consequence  of  wfaidi  die  re- 
getable  organs  were  probably  cl<^cd  with 
Eolkl  matter,  and  the  traniipiration  by  the 
leaves  prevented.  In  the  beginning  of  June, 
in  the  next  year,  be  used  solutions  of  the  same 
substances,  but  so  much  diluted,  that  there 
was  about  only  one  twai4mndredth  part  of 
solid  vegetable  or  animal  matter  in  the  solu- 
tions. Plants  of  mint  grew  luxuriantly  in  all 
these  solutions ;  but  least  ao  in  that  of  the  as- 
tringent matter.  He  wateyd  some  Kwts  of 
grass  m  a  garden  widi  the  diffcROi  solutions 
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flirphwiily,  and  a  i|Kyt  wiA  eoouiMfci  italer: 
the  ptei  watered  with  folutiona  of  jdfy,  ■»> 
gar,  and  mucilage,  grew  ixuntTigOKmslj ;  and 
that  waiexod  with  the  aohition  of  the  canning 
prindpfe  grew  better  than  that  wMocd  with 
common  water. 

Vegetable  and  animal  aubstances  deposited 
in  the  aofl,  as  is  shown  by  univerBBl  exneri. 
ence,  are  connmed  dnrinff  the  process  m  ve- 
getation; and  they  can  oofy  nouish  the  plant 
by  afTofdlng  solid  matters  capable  of  being 
di86<dved  by  water,  or  gaseous  sabstances  ca^ 
pable  ofbdng  absorbed  by  the  fluids  in  the 
leaves  of  vegetohles ;  but  such  parts  of  them 
as  an  tendered  gaseoQS^  and  that  pass  intathe 
atmosphere,  must  produce  a  compaiatEv^y 
smaM  efleet,  for  gassv  soon  become  diffused 
thnmgh  the  mass  df  the  ntiTOundxDgaii*  The 
great  object  hi  the  appBcatioD  of  mannrs 
diottld  betomake  itai&rd  as  much  soinble 
matter  as  pMsible  to  the  roots  of  the  plant) 
and  thaCin  a  slow  aifS  gradual  manner,  lo  ^Mt 
it  may  be  eatiiely  consumed  in  foffluog  its 
ssp  and  organised  parts. 

Whenever  manures  ooivist  prindpally  of 
matter  soluhle  k  water^  it  ia  evident  that  their 
fennmiation  or.  putiefrction  should  be  pvs- 
vented  as  inodi  as  possible;  and  the  eoly- 
eases  in  w^ch  these  preecsscs  can  be  useful, 
tte  when  the  manure  consials  prindpslly  of 
vegetable  or  ammal^ftrs;.  The  drcumstaDDoev 
necessary  for  the  pntrefiKtion  of  animal  sob- 
stances,  ars  sixaihur  td  those  leqnfaed  for  the 
lenneDtatiMi  of  vegetable  subslaooes  \  a  tern- . 
perature  above  the  fteezing  point,  the  pieiienco^ 
of  water,  and  tlie  prssettce  of  CKygen,  at  least 
in  the  first  stsge  of  the  process. 

To  ptevent  sumuies  from  decomposing, 
they  should  be  preserved  dry,  defended  fiom 
the  contact  of  air,  and  kept  as  cool  as  pes- 
Mo, 

All  green  iuccuknifkm^  eontainr  aaodia« 
rine  or  mucilaginooi  matter,  wiUi  woody  fihw, 
•nd  readily  ferment  They  cannot,  tbcreliDre, 
if  intended  for  manun,  be  used  too  aoen  aftw 
tkeir  death. 

Bape  ukCi  which  is  used  with,  grsat  ste^ 
cess  as  amanuie,  ooHtams  a  lasge  quantity  of 
mucilage,  aome  dbudinou*  matCer^  and  a 
"mdl  ouantily  of  oiL  This  manure  should 
w  uasd  recent,  and  kept  as  dry  waf  poisibie 
^eftire  it  is  applied.  It  fbrisa  an  esoBcnt 
dresshig  for  turnip  dnep»;,  and  ia  meet  eoooo* 
micsUy  applied  1]7  bemg  tfamwu  into  the  soil 
St  the  same  time  with  the  seed.  \Vhoever 
wishes  to  sae  this  practice  in  ilt  highest  degree 
<if  petfoetioAy  should  attend  Mr.  CkMce's  aan«sl 
«>>«P-dNaiing,atHdlfchaB.  v 

•J«*^t»BBdit,  consisting  <rf  differaftt  ipecMS  ef 
mci,  algsB,  and  oonforvs,  are  much  used  aK 
»  manun  on  the  seai^xtasts  of  Bk'itain  and 
^mlsnd«  This  manure  is  transient  in  its 
™eta,  anddoes  not  last  for  more  than  a  siogb 
J*^  which  is  easily  accounted  for  Irom  uie 
•«»e  quantity  of  water,  or  the  dements  of 
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it  cotitaine.  It  deesya  without  pro. 
dudng  heat  when  exposed  to  the  atmosphere; 
and  seems,  as  it  were^  to  melt  down  and  disw 
solve  away.  Sir  H.  haassen  krge  hci^  entirely 
destroyed  ia  less  than  two  yean,  nothing  r» 
maining  but  a  little  black  fibrous  matter. 

The  best  formers  in  the  west  of  England 
use  it  as  fresh  as  it  can  be  procured;  and  the 
practical  results  of  this  mode  of  ap|dying  it 
are  exactly  conformable  to  the  theory  of  its 
opentkm. 

When  straw  is  made  to  fotment,  it  becomes 
a  more  manageable  manure  9  but  there  is 
Uhewiae,  on  the  whole,  a  great  loss  of  nutritive 
matter*  Moreinanure  b  perhi^  supplied  for 
crop ;  bu(  the  land  ia  less  improved 


than  It  wodd  be^  supposiflg  the  wbok  of  the 
vegetable  (natter  could  be  finely  divided  and 
mixed  with  die  soil* 

Lord  Meadowbaak  states^  that  one  part 
of  dung  is  euficsent  to  bring  three  or  four 
parts  of  peat  into  a  slate  in  which  it  is  fitted 
to  be  appfied  to*  land;  but  of  course  the 
^entity  must  vary  according  to  the  nature 
oiP  the  dung  and  of  the  peat.  In  cases  in 
which  some  living  vegetables  are  mixed  with 
tl^  peat,  the  farmentatioa  will  be  more  readily 
effected. 

JIannies,  fipom  animal  substanees,  in  senemiy 
require  no  cA«f?tleol  preparation  to  fit  mam  for 
the  soU.  The  great  object  ol  the  farmer  is  to 
bknd  them  wi£  the  earthy  constituents  in  a 
pmper  state  of  diviakm,  and  to  prevent  Aeir 
foo  rapid  decomposition. 

Fith  forms  a  powerfkil  manure,  in  what- 
ever state  it  is  apfdied ;  but  it  cannot  be 
ploughed  in  too  fonh,  thou^  tlie  quantity 
shoiud  be  lioDited^  Mr.  Young  records  an 
experiment,  in  which  hcnings  spread  over  a 
fidd,  and  ploughed  in  for  wlwat,  produced  so 
raik  a  owps  that  it  was  entirely  laid  befoie 
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B9Mf  are  much  teed  as  a  manure  in  the 
neifthbouilieod  of  London.  After  bctng 
broken,  and  boiled  for  grease,  they  are  sold 
to  the  former.  The  more  divided  they  are, 
the  more  powerful  are  their  eiibcts.  The  ez- 
peolse  of  grinding  themia  a  mill  would  pro- 
bably be  repaid  by  the  increase  of  theb  ftrti- ' 
liaiftg  powers;  ana  in  the- state  of  powder  they 
might  be  used  in  the  drill  husbandry,  and  de-^ 
liviered  with  the  seed,  in  the  same  manner  as 


During  the  putiefoction  of  urine,  the 
greatest  part  of  the  soluble  animal  matter 
that  it  contains  is  destroyed ;  it  should  conse- 
quently be  used  as  fresh  as  possible ;  but  if 
not  Buxed  with  solid  matter,  it  shoiild  be  di* 
luted  with  water,  as  when  nure  it  contains  too 
large  a  quantity  of  animal  matter  to  form  a 
zttoper  fluid  nourishment  for  absorption  by  the 
TOOts  of  plants. 

Futtid  urine  abounds  in  ammoniscal  salts ; 
andrthough  less  active  Aan  ftcah  urine,  is  a 
very'>4>ovimul  manure* 

*•  QQ 
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I  goUd  sabitaiieei 
uMd  at  maQaiti^<0De  of  the  moit  powerftil  is 
thd  dmmg  of  hirdt  that  feed  on  ankmai  food, 
partunUariythednngofMa-birda.  Tbe^nam, 
which  if  uaed  to  a  great  extent  ia  South 
Amexica,  and  which  is  the  manure  that  forti- 
Utts  the  sterik  plains  id  Pern,  is  a  prodnction 
of  this  kind. 

It  contains  a  fourth  part  of  its  weight  of 
uric  acid,  partly  saturated  with  ammonia  and 
partly  with  potash;  some  phosphoric  acid 
combined  with  the  bases,  ahd  likewise  with 
lime.  Small  qaantities  of  anlphate  and  mu. 
riate  of  potash,  a  little  £rtty  matter,  and  some 
qoartaose  sand. 

Viff^iUioUy  it  is  wen  known,  is  a  vary 
powof ul  msnuie,  and  very  Hafale  to  deoom- 
pose. 

The  diflagreeable  smdl  of  night.soQ  may  be 
destroyed  by  misng  it  with  quicklime;  and 
if  exposed  to  the  atmos;rfwre  in  thin  layefs 
strewed  over  with  quicklime  in  fine  weather, 
it  speedily  dries,  is  eaaily  pnlverixed,  and  in 
thia  state  may  be  used  in  the  same  manner  as 
rape-cake,  and  deUvend  into  the  furrow  with 
the  seed. 

The  Chinese,  niio  hare  more  pnetical  knoic- 
kdge  of  the  use  and  applicatian  of  mannre 
than  aoy  otiier  people  existing,  mix  thdr 
night-soil  with  one-third  of  its  wdght  of  a  flit 
marie,  make  it  into  cakca,  and  d^  it  by  ex- 
puture  to  the  sun.  These  cakes,  we  are  in- 
formed  by  the  French  misskmaries,  hare  no  dis- 
agreeable smelL,  and  ftwm  a  common  article  of 
commerce  of  the  empire. 
After  night-soiL,  plgeoiu*  dmng  coors  next 
,  in  order  as  to  fertilbdng  power. 

If  the  pure  dung  or  cattle  is  to  be  uaed  as 
manure,  like  the  other  spedes  of  dung  which 
have  been  mentioned,  there  seems  no  lesson 
why  it  should  be  nude  to  terment  ettept  in 
the  soil ;  or  if  suffered  to  ferment,  it  should 
be  only  in  a  very  slight  degree.  The  orass 
in  the  neighbouriiood  of  recootly  voUed  Smg 
is  always  ooane  and  dark-green:  seme  persons 
have  attributed  this  to  a  noxious  quality  in 
unfermenting  dang :  but  it  seema  to  be  rather 
the  result  of  an  excess  of  food  furnished  to  the 
plants. 

A  slight  incipient  fermentation  is  undoubt- 
edly of  use  in  the  dunghill;  for  by  means  of 


has  found,  that  Ua  csgjpe  have  bam 
t  good  aa  they  ever  were,  and  tlMtt  bit 
Dunure  goes  neariy  twice  as  for. 

In  esses  when  farm-yard  dung  eamioc  bt 
immediately  applied  to  erop%  the  dcatniciivc 
fermentation  of  it  should  be  jacfemed  very 
carefully. 

The  surfoee  should  be  defended  as  i 
possible  from  the  oxygen  of  the  4 
aeompact  msrie, or  a  tenackNis  day, i 
best  ptotectkin  against  the  air;  aadbefoawihe 
dung  is  covered  over,  or,  aa  it  were,  oealed 
up,  it  should  be  dried  as  mueh  aa  poaaibfe 
If  the  dung 'is  found  at  any  time  t»  heat 
stion^y,  it  should  be  tuned  over,  and  oooled 
by  exposure  to  air. 

If  a  thcnoAnelv  plunged  hito  the  dung 
does  not  rise  to  above  KW^dcgreea  of  Fafar. 
there  is  little  danger  of  much  aihifbrni  bwu 
ter  flykig  o£  If  the  ma^tntaxtt  la  h%ha. 
the  dung  should    be    immediately 


When  a  piece  of  paper  moistened  in  ao- 
tiatic  add,  held  over  the  ateams  arinng  fiom 
a  dunghill,  gives  dense  fumes,  it  is  a  4 


testthat  the  deoomposkioQ  is  going  toe  &r, 
for  this  indicates  that  vobtila  alkali  la  diaen- 


_  is  to  be  uiescired  fbr  ear 
tune,  the  sitnatkm  in  whidi  it  ia  kept  is  ef 
importance.  It  diould,  if  posrible,  be  de- 
fended from  the  sun.  To  preserve  it  mder 
aheds  would  be  of  great  use;  or  to  make 
the  site  of  a  dunghm  on  the  north  side  of 
awall. 

Sooiy  whidi  is  principally  fbnned  feoro  the 
combustion  of  pit-ooal,  or  coal  gencsaOT, 
contains  likewise  substanoes  derived  from 
animal  matten.    This  is  a  very  poweHul 


It  is  wdl  fitted  to  be  used  in  the  dry  state, 
thrown  into  the  ground  with  the  seed,  and 
requires  no  preparatwn.  Lime  should  never 
be  applied  with  animal  mannwit,  unless  tli^ 
are  too  rich,  or  fbr  the  purpose  of  preveadag 
noxious  effluvia.  It  is  injurious  wncn  mixed 
with  any  oonunon  dung,  and  tends  to  reader 
the  extractive  matter  iuoluble. 

'^  The  doctrine  of  the  proper  appliestkm 
ef  manures  from  oinni«d  subttaaees.'*  says 
Sir  H.  Dsvy,  «'ofes  an  iUuanation  of  sn 


it  a  dimsition  is  brought  on  in  the  woody    important  part  ef  the  economy  of  nature,  and 


fibre  to  decay  and  dissolve,  when  it  is  oairied 
to  the  Isnd,  or  ploughed  into  the  soil;  and 
woody  fibre  ia  always  in  great  exoess  in  the 
refose  of  the  form. 

Too  great  a  degree  of  fermentation  is, 
however,  very  prefudicisl  to  the  composite 
manure  in  the  dunghill;  it  is  better  that  there 
should  be  no  fermentation  at  all  before  the 
manure  is  used,  than  that  it  should  be  cszried 
too  far. 

Witliln  the  hot  seven  yean  Mr.  Coke  has 
entirely  given  up  the  system  formerly  adopted 
on  his  farm,  of  applying  fermented  dung ; 


of  the  hapny  order  in  whkh  it  ia  arranged. 
"  Thedmth  and  decay  of  mimal  snbstii 


tend  to  resolve  organized  forms  into  ffhrniiral 
oonstitaettts ;  and  the  pcraiciona  eAuvia  dis. 
engaged  Jn  die  proeeaa,  seem  to  point  out  the 
propriety  of  burying  them  in  the  soil,  whcse 
they  are  fitted  to  become  the  fbod  ofyrgrtahlw 
The  fermentation  and  putrefectioo  of  oigamaed 
substanoes  in  the  free  atmosphere  sreaoxisoi 
proc4»8es;  beneath  die  surfhee  of  the  grouid 
they  are  salutary  opemtiooa.  In  this  cms  ikt 
fbod  of  plants  is  prepared  where  it  csn  be 
used ;  and  that  which  would  ofieod  the  sen 
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ftfid  fn}are  the  health,  if  ekpoted,  is  ooDTcrted 
by  gndual  proeesses  into  foims  of  beauty  and 
of  unefuliiesti ;  the  fetid  gas  is  Tendoed  a 
constituent  of  the  aroma  of  the  flower,  and 
what  might  be  poison,  becomes  aoufishment 
to  animids  and  to  man/' 

MARBLE.    See  Limestoke* 

MARCASfTE.    See  Ptbites. 

M ARECANITE.  Obsidian,  in  the  foim 
of  little  grains,  like  peas,  pearly-white,  con. 
aisting  of  very  thin  oonce&tiic  layers,  found  in 
Msiekan  in  the  gulf  of  Kamxehatka. 

BIAROARIC  ACID.  See  Acid  (Mar- 
OAmc). 

MARGARITE.  A  mineni,  in  mass,  of 
a  grayish,  white  colour,  and  io  small  crystal. 
line  uiminae,  intersecting  eadi  other  in  every 
direction.  It  is  lUce  silvery  mica.  It  occurs 
in  the  1^^ 

MARINE  ACID.  Acid  (Mu«rATTc). 

MARLE.    See  Limestove. 

MARMOR  METALLIGUM.  Nadve 
fluljibate  of  buytes. 

MARROW.  The  anfanal  fat  firand  in 
the  cavities  of  long  bones. 

MARS.  The  mytiiologleal  and  alche- 
njfltical  name  of  ifon. 

MARTIAL  ETHIOPS.  Paotoxide 
or  Ieov. 

MARTIAL  SAliTS.    Salts  of  Irok. 

MASSICOT.  Y^ow  oxide  of  lead.  See 
Lead. 

MASTIC.  A  resinous  subatanoe  in  the 
ibrm  of  tears,  of  a  very  pale  yellow  colour, 
and  farinaceous  appearance,  having  little  smell, 
and  a  bitter  astringent  taste.  It  flows  naturally 
from  the  tree,  but  its  produce  is  accelerated  by 
tadsiom.  lite  lesser  turpentine  tree  and  thie 
lentiscas  afibrd  the  mastic  of  commerce. 

No  volatile  oil  is  obtained  from  this  sub- 
atance  when  distilled  with  water.  Pure  alcohol 
and  oQ  of  turpentine  dissolve  it ;  water  scarcely 
^ts  upon  it;  though  by  mastication  it  be- 
comes  soft  and  tou^,  like  wax.  When 
chewed  a  little  while,  however,  it  is  whita, 
opaque,  and  brittle,  so  as  not  to  be  softened 
again  by  chewing.  The  |Mut  insoluble  in 
alcohol  much  resembles  m  its  properties 
caontdiouc  It  is  used  in  fumigations,  in 
the  oompodtion  of  varnishes,  and  is  supposed 
to  tttengthen  the  gums. 

MATRASS.    SeeliABORATOBT. 

MATRIX.  The  earthy  or  stony  matter 
wfricfa  accompanies  ons,  or  envelopes  them  in 
tfaeearth. 

BiBADOW.ORE.  Condioidal  Bo&Irok. 

0RV. 

MEASURES.  The  En^ish  measmes  of 
capacity  are  aftTording  to  the  following  table : 

One  quart. 
One  pint, 


two  mots. 

28*875  culnc  inches. 


The  pint  is  subdivided  by  chemists  and 
apothecaries  into  16  ounces. 

The  gallon,  quart,  and  pint,  ale  measure, 
are  to  the  measures  of  the  same  denominations, 
wine  measure,  respectively,  as  282  to  231. 
See  Acid  (Muriatic),  and  Appekdix. 

The  Pans  foot  is  equal  to  12.789  English 
inches,  or  to  theEngush  foot  as  114  to  107. 
For  measures  of  weight,  &c.,  see  Balance. 

MECONIC   ACID.     See   AciD   (Me. 

CONIC). 

MEDULLIN.  The  name  given  by  Dr. 
John  to  the  poious  pith  of  the  sun.flower.  It 
is  soluble  in  nitric  acid,  but  insoluble  in  water, 
ether,  alcohol,  and  oils ;  is  void  of  taste  and 
smell ;  and  on  dbtiUation  it  aflKirds  ammonia, 
leaving  a  charcoal  of  a  metallic  or  bronze 
appearance. 

MEERSCHAUM.  Kefiekfl  of  Kirwsn. 
Colours  yellowish  and  grayish-white.  Massive. 
DttlL  Fracture  fine  earthy.  Fragments  an- 
gular.  Opaque.  Streak  slightly  shining. 
Docs  not  soil.  Very  soft,  sectile,  but  rather 
difficultly  ftan^ble.  Adheres  strongly  to  the 
tongue.  Feeb  rather  greasy.  Sp.  gr.  1.2  to 
1.8.  Before  the  blowpipe,  it  melts  on  the 
edges  into  a  white  enamel  Its  constituents 
are,  silica  41 -fi,  magnesU  18-25,  Ume  0*60, 
water  and  carbonic  add  39. — KJaproth.  It 
occurs  in  the  veins  in  the  serpentine  of  Com- 
walL  When  first  dug,  it  is  soft,  greasy,  and 
lathers  like  soap.  Hence  tlie  Tartars  use  it 
flxr  washing  clothes.  In  Turkey  it  is  made 
into  tobacco  pipes,  from  meenchaum  dug  in 
Natolia,  and  near  Thebes.  See  Jameson's 
Mineralogy  for  an  entertaining  account  of  the 
manufacture. 

MEIGNITE.  Prismato-pytamidalidspar. 
Colour  grayish-white.  Massive,  but  more 
frequently  cr^stalliaed.  The  primitive  form 
is  a  p3rramid,  in  which  the  angke  are  138*22', 
83^  22^.  Its  secondary  forms  are  rectangular 
four-sided  prisms,  variously  acuminated  or 
truncated.  The  crystals  are  small,  smooth, 
and  spleodent  Lustre  vitreous.  Cleavage 
double  rectangular.  Tianspannt.  Harder 
than  common  fislspsr,  but  softer  than  quartz. 
Easily  ftangpUe.  Sp.  gr.  28.  Easily  iunble 
before  the  blowpipe  with  intumescence.  It 
occurs  alone  with^  ceylanite  and  nepheline, 
in  granular  fimestone,  at  Monte  Somma  near 
Naples. 

MELANITE.  Colour  velvet-bUMk.  In 
roundish  grains,  but  more  firequentiy  crys- 
tallixed  in  a  rhomboidal  dodecahedron,  trun. 
cated  on  all  the  edges.  Surfooe  of  the  grains 
rough  and  uneven;  that  of  the  crystals 
shiniiig.  Fracture  flat  coneholdaL  Opaque. 
As  hard  as  quarts.  Rather  easily  ftazigible. 
Sp.  gr.  3*73>  Its  constituents  are,  silica  36*6, 
alumina  8^  lime  32-5,  oxide  of  fami  S5*26, 
oxide  of  manganese  0*4,  loss  0*35.  It  is  found 
in  a  rock  at  Frescati  near  Rome,  and  in  the 
basalt  of  Bohemia. 
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MELABSES.    The  blade  empfiKuiurtic 

syrup  whldi  dnini  from  raw  sngai. 

MEIilLITE.  A  mineni,  in  small  sqiunre 
prisms.  Intemallj  of  a  hoDey-jdlow  colour ; 
exttsnally  coated  yellow  by  oxide  of  iron.  It 
gives  sparks  with  steeL  Found  at  Capo  di 
Bove  near  Rome. 

MELLATES.  Compounds  of  mdUtk  add 
with  the  salifiable  bases. 

MELLITE,  oeHONEY^TONE.  Co- 
lour honey  yellow.  Rarely  massive.  Qystal- 
lized.  Its  primitive  %ur  b  a  pyiamid  of 
118"  4',  and  930  22^.  The  aeconclaiy  figures 
are*;  the  jnmitive,  trancated  on  the  apices ; 
OD  ^  apices  and  anglesof  the  common  base; 
and  the  angles  on  the  common  base  bevelled. 
Externally  smooth  and  ^lendent.  Cleavage 
pyramidal.  Fracture  pofect  condundaL  Semi* 
transparent  Refracts  double,  in  the  direction 
of  the  pyramidal  nlane.  Harder  than  gypsum, 
but  8o(terdian  calcareous  spar.  Brittle.  Sp. 
gr.  1-4  to  1*6.  Before  the  blowpipe  itbecomei 
white  andopaaue,  with  black  spots,  and  is  at 
length  reduced  to  ashes ;  what  heated  in  a 
dose  vessel,  it  becomes  blade  It  is  slightly 
resino-electric  by  friction.  Its  constituents 
,  are,  alumina  16,  mellitic  acid  46,  water  of 
crystallixation  38. — KlajmOh,  It  occurs  su« 
peiimposed  on  bituminous  wood  and  earth 
coal,  and  is  usually  accompanied  widi  sulphur. 
It  has  hitherto  been  A>und  only  at  Aztem  in 
Thuringia. 

MELTING.  See  Calo&tc,  change  of 
stat:^  and  Fusibility. 

MEMBRANES  of  animals  coosist  of  con. 
arete  gelatin,  and  are,  like  skins,  oonvertibk 
into  leather  by  tannin. 

MENACU  ANITE.  Colour  gTayish-bladc. 
Occurs  only  in  very  small  fiattish  ^ngtiljur 
grains,  which  have  a  rough  glimmering 
surface.  Glistening;  adamantine,  or  seml- 
roetallic  lustre.  Cleavage  imperfect.  Opaque. 
Not  so  hard  as  magnetic  iron-sand.  Brittle. 
Retains  its  colour  in  tiie  streaL  Sp.  gr.  4.3 
to  4-4.  It  is  attractible  by  the  magnet,  but 
in  a  much  weaker  d^ree  than  magnetic  iron- 
stone. Infusible  without  addition.  |t  tingei 
borax  of  a  greenish  colour.  Its  constituents 
are,  oxide  of  iron  51,  oxide  of  titanium  45-25, 
oxide  of  manganese  0*25,  silica  ^-b.-^Klap- 
roth*  It  is  found,  accofhpanifid  with  fine 
quartz-sand,  in  the  bed  of  a  rivulet  which 
enters  the  valloy  of  Manaccan  in  Cornwall. 

itfENILITE.  A  sub-species  of  indivisible 
quartz.  It  is  of  two  kinds— the  brown  and 
the  gray.  Brown  tnenilUe  is  chestnut-brown, 
indming  to  liver-Jbrown.  It  occurs  tuberose. 
External  surface,  rough  and  dull ;;  internal, 
glistening.  >  It  has  sometimes  a  tendency  to 
lamellar  distinct  concretions.  Fracture  very 
flat  GonchoidaL  Translucent  on  the  edges. 
Scratches  glass.  Easily  frangible.  Sp.  gr. 
2-17.  Infusible.  Its  constituents  are,  sUica 
85-5,  alumina  1,  lime  0-5,  oxide  of  iron  <^5, 


water  and  cartwmcieiai  mattet  \\-0» 

at  Menil  Montant  near  Paris,  imbedded  In 

adhesive  slate,  as  flint  is  indialL 

Gray  MenUUe,  Colour  yeUowiah-grMr. 
Tuberose*  Internally  glimmainff  of  dnU. 
Fracture  as  above.  SeiM-faard  in  a  high  degree 
Easily  frangible.  Spu  gr.  2-3.  It  oconis  at 
Aigenteuil  near  Paris,  imbedded  in  a  dayey 
nrarlft     Jameiofu 

MEPHITIC  ACID.    Cakbontc  Aciik 

MENSTRUUM.  A  word  lyiioiiyiiioBs 
with  solvent 

MERCURY  is  distinguished  from  aR  other 
metals  by  its  extreme  fusibility,  wfaidi  ia  flach, 
that  it  does  not  take  duLSotid  etate  untfl  oookd 
to  the  thifly-ninth  degree  bdow  0  on  Fahien- 
hdt*B  thermometer ;  and  of  oouneH  is  alwa^ 
flnid  in  the  temperate  dimates  of  the  canh. 
Its  Golonr  is  white,  and  rather  Uaer  tlian  flSvcr. 
IntbeaolidBtitfeftif  malbdde*;  kaapedfic 
gravis  is  I3-6L    It  is  voUtOa,  and  xnea  in 
small  portions  at  the  comsaeD  temperature  <b 
the  atmosphere,  as  18  evinced  fay  aevenl  cxpoi. 
ments,  mors  espedally  in  a  vacaum,  aadi  as  * 
obtains  in  the  upper  part  of  a  baronieter  tube.  \ 
At  the  temperature  of  about  65A*  it  bolls  i». 
pidly,  and  rises  oopioudy  in  frimes.     When  \ 
exposed  to  sudi  a  hsat  as  nay  caoae  it  to  dse 
quickly  in  the  vaporous  form,  or  about  090% 
it  gradually  becomes  converted  Into  a  ledozide,  * 
provided  oxygen  be  present.    Thiavaa  for- 
merly known  by  the  name  of  prednitate^cr  ar. 
A  graater  heat,  however,  revives  dib  meCaBae  z 
oxide,  at  the  same  thne  that  tlieozyi 
extricated.    Ten  days  or  a  fordii|^"a  g 
heat  is  required  to  convert  afiiw  gnins 
cury  into  precipitate  jier  u  in  tbesmali  way. 

From  this  volatility  of  mercury,  it  ia  com- 
monly purified  by  distillarion. 

Mercury  is  not  perceptibly  altered  l^  mere 
exposure  to  the  air ;  though  by  hng  agnation, 
with  access  of  air,  it  becomes  converted  into  a 
black  powder  or  oxide,  which  gives  out  oxygen 
by  heat,  the  metal  being  at  the  same  time 
revived. 

When  calomd  or  protoddodde  of  mercury 
iaacted  on  by  potash-water,  it  yields  the  pure 
black  protoxide ;  and  when  coorcsive  sublimate 
or  the  deutochloride  is  treated  in  the  same 
waj,  it  affords  the  red  deutoxide.  The  fonner 
oxide,  heated  with  aooessof  air,  slowly  changes 
into  the  hitter.  The  conatitnents  of  the  first 
are  100  metal  -f  4  oxygen ;  of  the  second 
100-1-8.  Hence  the  pome  equivalent  of 
mercury  is  25.  At  a  redheat  both  oxides  emit 
their  oxygen,  and  pass  to  the  melaUic  state. 
A  moderate  heat  converts  the  black  oxide 


*  The  reader  wOl  find  an  amdb  aeoooat  of 
the  freezing  of  quicksilver  in  I>r.  Bli|gden*s 
History,  voL  Ixxxiii.  of  the  Philosopliicai 
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iMKtIy  iato  ranniiigtterciiiy  and  paitly  into  red 
oxide.  The  dentoiddes,  as  tuually  prepand 
from  the  nhnte  bj  gentle  caldnation,  is  in 
brilliant  red  acalea,  wUdi  become  of  an  oranfi^ 
hue  wkcn  finely  oomminuted.  It  frequently 
coDtains  a  little  undeoompoaod  subnitrate. 

JRy  tritoiadng  merctury  with  unctuoas  or 
visdwi  matters,  it  ia  changed  partly  into  plot* 
oude,  aod  partly  into  very  minute  globalea. 
By  exposing  mercurial  ointment  to  a  moderate 
heat,  the  globalea  fidl  down,  while  a  propor- 
tion of  the  oxide  remaiaa  comMoed  with  the 
grease.  This  light  gtay  chemical  compound 
ia  anppoaed  to  poasess  aU  the  yirtuea  of  the 
dark  coloured  ointment,  and  to  be  cheaper  and 
mote  ooaTenicnt  in  tiie  application.  Mr. 
I  Donovan,  who  introduced  it,  forms  it  directly 
by  expoafaig  a  mixtur^of  i  part  of  black  oxide 
and  24  ports  of  hog'aJard  to  a  heat  of  350<»,  for 
I        about  two  hottra« 

Red  oKide  of  mercury  is  acrid  and  poison* 

OU8,  and  carries  these  qualitiea  into  its  saline 

oombinati>ona.     The  protoxide  is  relatively 

'        bland,  and  is  the  basis  of  all  the  mild  meicu. 

rial  medicines. 

'  1.  When  mcrcuiT  is  heated  in  chlorine,  it 

bums  with  a  pale  red  flame,  and  the  substance 

caUed  corrosive  sublimate  is  formed.    This  ' 

^        devtoeMoride  may  also  be  formed  by  mixing 

'        together  equal  parts  of  dry  bideutosulphate  of 

'        mercury  and  common  salt,  and  subliming. 

The  corrosive  sublimate  rises,  and  incrusts  the 

'        top  of  the  vessel,  in  the  fonn  of  a  beautifcil 

^        white  semitransparent  mass,  composed  of  very 

'        small  prismatic  needles.    It  may  be  obtained 

^        in  cubes,  andrhomboidal  prisms,  or  quadrsn* 

'        gular   prisms,    with  tlieir  sides  alternately 

narrower,  and  teiminatcd  by  dihedral  summits. 

Its  sp.  gr.  is  6-14.    Its  taste  is  acrid,  stypto* 

'        metjlic,  aod  eminently  disagreeable.    It  is  a 

'         deadly  poiaon.    Twenty  parts  of  cold  water 

dissolve  it,  and  leas  than  one  of  boiling  wAter. 

'         100  parts  of  alcohol  at  the  boiling  temperature 

'         dissolve  88  of  oorrosive  sublimate ;  and  at  VO* 

they  dissidve  37-6  parts.    The  constituents  of 

diU  chloride 


7M3 
26*47 


It  may  be  recognized  by  the  following  cha- 
racters :  It  volatilises  in  white  fumes,  which 
eeem  to  tarnish  a  bris^t  copperplate,  but  really 
oommnnicate  a  coatmg  of  xiietallic  mercury, 
which  J4»paass  glossy  white  on  friction.  When 
eaasticp<Maah  is  made  to  act  on  it,  with  heat, 
in  aslus  tube,  a  red  odour  appeara,  which  by 
gende  ignitioa  vanishes,  and  metallic  mercury 
is  then  found  to  line  the  upper  part  of  the  tube 
in  minute  gtobules.  Solution  of  oonroslve 
soblunate  reddens  litmus  p^>er ;  but  changes 
syrup  of  violets  to  green.  Bicarbonate  of 
potash  throws  down  from  it  a  deep  brick-red 
pnapttate,  from  which  metallic  mercury  may 


Meccwy,    25 
Chlorine,      9 


be  procured  by  besting  it  in  o  tube.  Caustic 
potash  gives  a  yellow  precipitate;  but  if  the 
-solution  be  very  dilute,  a  white  cloud  only  is 
occasioned,  which  bec^mies  yellowish-red  on 
subsidence.  Lime  water  causes  a  deep  yeUow, 
verging  on  red.  Water  of  ammonia  forms  a 
white  precipitate,  which  becomes  yellow  on 
being  heated.  With  sulphuretted  hydrogen 
and  hydmsulphureCs,  a  black  or  blackish-brown 
precipitate  appears.  Nitrate  of  silver  throws 
down  the  curay  precipitate  characteristic  ot 
muriatic  add ;  and  the  protomuriate  of  tin 
gives  a  white  precipitate.  The  proper  antidote 
to  the  poison  of  corrosive  sublimate,  is  the 
while  of  egg  «r  albumen,  which  converts  it 
info  calomeL  Sulphuretted  hydrogen  water 
may  also  be  employed,  along  with  emetics. 
From  six  to  twelve  gtaha  were  the  mortal 
doses  employed  by  OHila  in  his  experiments 
on  dogs.  They  died  in  horrible  convulsions, 
gener^y  in  two  hours.  But  when,  with  the 
larger  quantity,  the  whites  of  eight  eggs  were 
thrown  into  the  stomach,  the  animals  soon 
Recovered,  after  vomitinfl.  Corrosive  sublimate, 
digested  with  albumen  for  some  time*  was  given 
in  considerable  doses  with  impunity.  The 
instructions  given  under  Arsenic^  for  examina- 
tion of  the  iMwels  of  a  person  supposcct  to  be 
poisoned  are  equally  applicable  to  poisoning 
by  corrosive  sublimate ;  and  the  appearances 
are  much  the  same. 

2.  ProiocMoride  of  mercury,  mercuriut 
dulcis^  at  calomel,  is  usually  formed  from  the 
deutochloride,  by  triturating  four  parts  of  the 
lattef  with  three  of  quicksilver,  till  the  glo- 
bules disappear,  and  subjecting  the  mixture 
to  a  snUimioff  heat.  By  levigating  and 
edulcorating  with  warm  water  the  sublimed 
grayish-white  cake,  the  portion  of  soluble  cor- 
rosive sublinuite  whi^  had  escaped  decompo- 
sidon  is  removed.  It  may  also  be  made  by 
adding  sdution  of  protonitrate  of  mercury  to 
solution  of  common  salt.  The  protochloride 
or  calomel  precipitates.  The  following  is  the 
process  used  at  Apothecaries*  Hall,  Lor>don : 
60lbs.  of  mercury  are  boiled  with  JOlbs.  of  sul- 
phuric acid,  to  dryness,  in  a  cast-iron  vessel ; 
82lb8.  of  the  dry  salt  are  triturated  with  4(^lbs. 
of  mercury,  until  the  globules  disappear,  and 
341bs.  of  common  salt  are  then  added.  This 
mixture  is  submitted  to  heat  in  earthen  ves- 
seb,  and  from  95  to  lOOlbs.  of  calomel  arc  the 
result  It  is  washed  in  large  quantities  of 
distilled  water,  ai^er  having  been  ground  to  a 
fine  and  impalpable  powder. 

When  protochloride  of  mercury  is  very 
slowly  sublimed,  four-sided  prisms,  terminated 
by  pyramids,  are  obtained.  It  ia  nearly  taste 
less  and  insoluble,  and  is  purgative  in  clones 
of  five  or  six  grains.  Its  sp.  gr.  is  7.\'iO. 
Exposure  to  air  darkens  its  surface.  When 
two  pieces  are  robbed  in  the  dark,  they  phos- 
plioiesoe.  It  is  not  so  volatile  as  the  deut(>- 
chloride.    Nitric  acid  dissolves  calomel,  con- 
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v«rtiiig  it  Into  coiMAiTt  mbfimate.     Fkoto; 
cUoride  of  movoiy  it  oanpcmd  of 

Mcraiiy,  SA.  84.740 

Cblorine,    46  16254 

We  have  alto  tvo  sutpiniTCls  of  roerciuy ; 
the  Uack  or  ethiofu  mimer^  aad  the  red  or 
ckimmh^r. 

The  first  it  euSlf  made  hj  beadng  or  tri. 
tnratlBg  the  ingicdients  togelbcr.,  or  1^  adding 
a  hydrotalpbimt  of  alkali  to  a  mermiial  ta- 
fine  aohttioo.    It  oonntta  of 

Mercaiy,  25  99M» 

8olphiir,     2  7-4 

When  the  Uack  tulphuiei  la  ezpoted  to  a 
red  heat  in  earthen  pots,  dnnabar  tabKniea» 
whi^  when  reduced  to  powder,  it  of  a  bean- 
tifal  red  colour,  and  it  uied  at  a  pigment, 
under  the  name  of  vermiiiom.  Its  ap.  gr.  ia 
about  10.  It  is  inaoluMe  in  water,  intlpid, 
and  burnt  with  a  blue  flame  If  it  be  mixed 
with  half  itt  weight  of  irxMi  fflingt,  a::d  distilled 
in  a  Ktort,  it  jieldt  pure  mercury.  It  it  deu- 
mtulphuret,  and  oonsitti  of 

Mereury,  25  8tt-2 

Sulphur,     4  13-8 

The  talu  of  mercury  have  the  fbUowhig 
general  characters  s 

1.  A  dull  red  heat  voktllizea  them. 

2.  Ferropnueiate  of  potadi  gives  a  white 
prec^itate. 

3w  Hydrntulphuiet,  Uack. 

4.  Muriate  of  soda,  with  the  prototaltt,  white. 

5.  Gallic  acid,  orange  yellow. 

6.  Plate  of  copper,  quicktilTer. 

The  tulphuric  acid  doet  not  act  on  thia 
metil,  unlett  it  be  well  ooncentrated  and  boil, 
ing.  For  this  purpose  mercury  is  poured  into 
a  glaat  retort,  with  nearly  twice  its  weight  of 
tulphuric  add.  At  noon  at  the  mixture  it 
healed,  a  ttrong  effcnFescenoe  taket  i^ace, 
tulphurout  add  gat  escapee,  the  tuiface  of 
the  mercury  becomet  white,  and  a  white 
powder  it  produced :  when  the  eat  ceaiiet  to 
come  over,  the  mercury  it  found  to  be  coo. 
verted  into  a  white,  opaque,  cauttic,  taline 
mats,  at  the  bottom  of  the  retort,  which 
weight  one-third  more  than  the  mercury,  and 
it  deoompoted  by  heat.  Itt  fixity  l«  consider- 
ably  greater  than  that  of  mercury  it«lf.  If 
the  heat  be  mised,  it  giv«t  out  a  oontiderable 
qoMtity  of  oxygen,  the  mercury  being  at  the 
same  time  revived. 

Water  resolves  it  into  two  salts,  the  bisuU 
phate  and  subsulphate ;  the  Utter  is  of  a  veL. 
low  colour.  Much  wathing  is  lequired  to 
produce  thit  colour,  if  cold  water  be  uted ; 
but  if  a  Urge  quantity  of  hot  water  be  poured 
on,  it  immediately  atsumet  a  bright  lemon 
colour.  In  thit  ttatc  it  it  called  thrlnih  mU 
neral.  The  other  afibrdt  by  evaporatkm, 
tmall,  needly,  deliquetcent  crystals. 
^  The  fixed  alkalis,  magnesia,  and  lime,  pre* 
dpitate  oxide  of  mercury  from  its  solutions; 
these  predpitatcs  arc  redqdble  m  dosed  ves- 
telt  by  inenr  heat  without  addition. 


Tile  nitric  add  rapidly 
aohct  mereuiy^  at  the  aa^ae  time  that  a  laai^e 
qnantityofnitiontgaabditeBgagBd;  aaiddit 
eoloax  of  the  add  beeomca  gnan  daring  te 
escape.  Strong  nitric  add  taken  up  in  9wm 
weijpit  of  mercuiy  in  die  cold;  ana  tiiiB  at- 
IntUn  win  bear  to  bediUlad  with  itattr.  Bat 
if  the  tolntion  be  made  with  the  MtiatnnK  of 
beat,  a  mneh  Uigcr  quantity U  diatulPLiI ;  tad 
a  precipitate  will  be  alPoided  by  the  wliriiiiai 
of  dittilled  water,  wUchiaof  afdkvcokv 
if  the  water  be  hot,  or  while  if  it  be  ooU  $  aad 
greatly  retemblei  die  tnibith  mintfal  pnadaoed 
with  tulphuric  add  i  it  haa  accowtiu|^y  beta 
aSkAnUnmttmrbUh. 

All  the  oombmatiaiii  of  merony  and  nsnie 
add  are  very  canadc,  and  fom  a  deep  pnvpit 
or  black  tpot  upon  the  akm.  Tlicy  aAsd 
ciyatalt,  which  dife  acoordin|f  to  the  state  ef 
the  tolutkin.  When  nitric  aad  haa  taken  np 
aamuch  mercoty  at  it  can  dittolve  bj  heat,  it 
utually  asfomet  the  fijnn  of  a  white  aalini 
matt.  When  the  comUnadon  of  nilik  add 
and  meicoiy  ia  expoted  to  a  gradual  and  long 
oontipoed  low  heait,  it  givet  oat  a  portatn  i 
nitric  acid,  and  beoomet  eonverted  into  a  hrig^ 
led  oxide,  ttiil  retaining  a  amall  portioo  ef 
acid.  Thit  U  known  by  the  name  of  rtd 
preeipkatet  and  it  much  lucd  ta  an  eachaiotit. 

When  led  piedpitate  it  ttmngly  heated,  a 
large  quantity  of  oxygen  ia  ditei^aged,  tog^ 
ther  with  tome  nitragen,  and  the  mecaoy  ■ 
tublimed  in  the  metaliic  tana. 

Nitrate  of  mercury  it  more  aohible  ia  hot 


thaa  oohI  water,  and  amirda  ciyttalt  by  i 
ing.  It  b  deoompoted  by  die  aroitMm  of  a  Itige 
quantity  of  water,  unlett  the  add  be  in  exaeti. 

A  fulminating  prepaiation  ef  mereoiy  wac 
diaeovered  by  Mr.  Howard.  A  bandied  gnlnt 
of  mercuiT  are  to  be  ditsdved  bf  heat  in  an 
ounce  and  a  half  by  meaalire  of  mtric  add. 
TfaU  aolutioo  bdng  poured  cold  into  two 
ouncet  by  meatuie  of  alcohol  in  a  gUtt  vesael, 
heat  is  to  be  applied  till  eficrveaccnce  U  ex* 
dted.  A  white  vapour  unduUtca  on  the  tor. 
face,  and  a  powder  ia  gradually  jaedpitated, 
which  it  immedUtdy  to  be  collected  on  a 
filter,  wdl  washed,  and  cantioutly  dried  widi 
a  veiy  moderate  heat.  Thit  powder  deloi 
loudly  by  gentle  heat,  or  tUght  firictioa. 

llie  acedc  and  moat  other  acidt-< 


with  the  oxide  of  mcrcory,  and  piedpkate  h 
lacid.  SeeSaLT. 


of  aa. 


firom  ita  tohxtionin  the  nitric  t 

Wlicn  one  part  of  nadve  i 
tImoDy  it  trituiated  or  i 
two  parts  of  oomdve  tnUimate,'  and  exnaaed 
to  diadUation,  the  chlorine  oombinca  widi  die 
andmony,  and  riaea  in  the  fixm  of  the  coit- 
pound  called  iMitto'  of  antimony  $  whfie  tie 
tulphur  oombinet  with  the  meroairy,  and  fimaa 
dnnabar.  If  antimony  be  nted  inttead  of  the 
tulphuret,  the  letidue  whicfa  ritet  Utt  ( 
of  running  mereury,  inttead  of  dimahar. 

Mercury,  hefaig  haUtoaUy  fluid, 
dily  combinct  with  mott  of  the 


I,  veiyRt. 
metiJt,  t» 


MER 


SS& 


MET 


which  it  oomniuiiteatei  mon  or  leu  of  its 
fusibility.  When  diMe  metidlie  inixtiin» 
comtaiii  a  saffictent  qumfity  of  Bwrcaiy  to 
render  tham  soft  at  a  mean  tsflopemtitK,  they 
are  ealled  amad^anw.  •     " 

It  very  readily  oombinst  with  gold,  silver, 
lead,  tin,  Usmuth,  and  sine ;  more  difflcukly 
with  copper,  ancnie,  and  matknotij{  and 
scarcely  «t  afl  with  platina  or  iron:  it  does 
not  unite  ivith  nickel,  mangaiiese,  or  cobdlti 
and  its  action  on  tungsten  and  molybdena  is 
not  known.  Looking-glasses  ase  oovcved  on 
the  back  anrfine  with  an  amalgam  of  tin.    See 

Some  of  the  uses  of  mercury  have  siready 
been  mentioned  in  the  present  artide.  The 
amalgamation  of  the  noble  metals,  water- 
gilding,  the  making  of  vennilioa,  the  silver- 
ing of  looidng-glasses,  the  making  of  barome- 
ttsrs  and  ttiermometen^  and  the  pftparation  of 
several  powerful  medicines,  are  the  principal 
uses  to  which  this  metal  is  applied. 

Scaaeely  any  substance  is  so  liable  to  adul- 
teration as  mercuiy,  owing  .to  the  property 
which  it  fKweesses  of  dtsi^ving  oom^^efcdy 
some  of  tiie  baser  metals.    This  unkm  is  so 
strong,  thsU  they  even  rise  along  wid)  the 
quicluilver  wiien  distilled.    Tlie  impurity  of 
mercury  is  gcnevally  indicated  by  its  duU  as. 
poet ;  by  its  tamishtng,  and  becomirig  covered 
with  a  coat  of  oxide,  on  hmg  exposure  to  the 
air^  by  iIk  adhesion  to  the  surface  of  glass| 
and,  when  sludcen  with  water  in  a  botde,  by 
the  apeedyfocmatioa  of  a  block  powder.   Ijead 
and  tin  are  frequent  im))«ides,  and  the  mer* 
cary  bocoaies  capable  of  taking  up  more  tut 
these*  if  sine  or  bismuth  be  previoody  added. 
In  order  to  disicover  lead,  the  mercury  may  be 
aiptated  with  a  little  water,  ia  order  to  oxidije 
Ihat  BoetaL     Pour  off  the  water,  and  digest 
the  mewury  with  a  little  mcedc  acid.    This 
will  dissolve  the  oxide  of  lead,  whicfa  will  be 
indicated  by  a  blackish  precipitate  with  sul- 
phuretted watetk    Or  to  this  acetic  solution 
add  a  little  sulphate  of  soda,  which  will  pie. 
dpitale  a  sulphate  of  lead,  containing,  when 
diT,  70  per  cent,  of  metaL    If  only  a  veiy 
ndniite  quandty  of  lead  be  presot  in  a  lai^ 
quantity  of  mercuiy,  it  may  be  detected  by 
solotkm  IB  nitnc  arid,  and  tba  addition  of 
sidph«iet«Bd  water.  A  dark  brown  piecipltata 
vill  ensue,  and  will  subside  if  allowed  to  stand 
«  few  days.    One  part  of  lead  may  thus  be 
Mpantedfiom  15263  parts  of  mercury.  Bis- 
nndi  is  detected  bv  pouring  a  nitric  solu- 
taoQ,  peepaied  witeui  heat,  into  distilled 
water;  a  white  precipitate  will  appear  if  this 
metal  be  present    Tin  is  maniiatted,  in  like 
msmer,  by  a  weak  solution  of  pttro-muiiate 
of  f^,  wliidi  throws  down  a  purple  se^- 
nent  i  and  sine  by  exposing  the  metal  to  heat. 
The  Uack  oMde  is  rarely  adulterated,  as  it 
woaU  be  dtfficolt  to  find  a  substance  well 
Miitsd  to  diis  porpose.    If  well  prepared,  it 
«Ajr  be  totally  voUdlixcdby  heat 


The  ml  ajciig  of  mercury  by  nHric  oritl  is 
verf  liable  to  adulteration  with  red  lead*  It 
should  be  totally  voktilized  by  heat 

JUd  ndphuret  of  mercury  is  frequendy 
adulterated  with  red  lead ;  which  may  be  de- 
tsctedbyheat 

Corrotifoe  muriate  of  mercury.  If  there  be 
any  reason  to  suspect  arsenic  in  this  salt,  the 
Isand  may  be  discovered  as  follows :  Dissolve 
a  small  quantity  of  the  sublimate  in  distilled 
water ;  add  a  solution  of  carboaate  of  am- 
monia tiU  .the  precipitation  ceases,  and  filter 
the  soludon.  If,  on  the  addition  of  a  few 
drops  of  ammoniafeed  copper  to  this  solution, 
a. precipitate  of  a  ydlmvish-green  colour  be 
produced,  the  sublimate  contains  anenic. 

Sub^muHaic  of  mercury,  or  calomel,  should 
be  completely  saturated  with  mercury.  This 
may  be  ascertained  by  boiling,  fi>r  a  few  mi- 
nutes, one  part  of  calomel  with  a  thirty-second 
part  of  muriate  of  ammonia  in  ten  parts  of 
distilled  ^ter.  When  carbonate  of  potash  is 
added  to  the  filtered  solution,  no  precipitadoo 
will  ensue,  if  the  calomel  be  pure.  This  pro. 
paradott,  when  rubbed  in  ao  earthen  mortar 
with  pure  ammonia,  should  beoome  intensely 
black,  and  should  exhibit  nothing  of  an  oiange 
huew 

MESOLYTE.    Needle-stone. 

ME80TYPE.  Prismatic  zeolite.  This 
species  of  the  genus  leolice  is  divided  by  Pro- 
fessor  Jameson  into  three  sub-species»— the 
fibrous  aeolite,  natn>]ite,  and  mealy  leolite; 
which  see. 

METALS.  The  most  numerous  class  of 
undeoompoonded  chemical  bodies,  distin- 
guished by  the  foUowiug  general  chaxacters : — 

1.  They  possess  a  peculiar  lustre,  which 
contiBues  in  the  streak,  and  in  their  smallest 
ftagments* 

2*  They  are  fusible  by  heat ;  and  in  fusion 
letaio  their  lustre  and  opacity. 

3.  They  are  aU,  except  seienium,  excellent 
conductors  both  of  electricity  and  caloric. 

4.  Many  of  them  may  be  extended  under 
the  hammer,  and  are  called  malleable;  or 
lender  the  rolling  press,  and  are  called  lamin- 
aUe;  or  drawn  into  wire,  and  are  called  duc- 
tile. This  capability  of  extension  depends, 
in  some  mrasure;  oa  a  tenacity  peculiar  to  the 
metals,  and  which  exists  in  the  difierent  spe- 
des  with  very  difierent  degrees  of  force.    See 

COHESIOX. 

6.  When  their  saline  eombinaiions  arc  eke- 
trised,  the  metals  separate  at  the  resioo-elecuic 
or  negative  pole. 

&  When  exposed  to  the  action  of  oxygen, 
dikrine,  or  iodme,  at  an  elevat«^  tempemture, 
they  generally  take  fire,  aid,  combining  with 
one  or  other  of  these  three  elementary  dis- 
solvents in  definite  proportions,  are  converted 
into  earthy  or  saline  looldnjg;  bodies,  devoid  of 
metallic  lustre  and  ductility,  called  oxides, 
chlorides,,  or  iodides. 

7.  They  are  capable  of  combining  in  their 


8.  From  this  brilliwicy  ttod  opaciljr  con- 
jointly, they  reflect  the  greater*  part  of  the 
li^t  which  f^  on  their  B^rfM*,  «|id  beoee 
form  exceUent  DunoiVr 

0.  Most  of  them  pomlyine  in  ^0mte  pni» 
portioDfl  with  sulphur  ^iid  pl^phoms,  tow- 
ing bodies  frequently  oi  a  Mm^meuUlIc  u* 
feet  t  sod  others  nait^  with  hy#i«^gisD,  earlioPt 
apd  boron,  giving  nse  to  pepuliar  gaseoMs  or 
aoUd  compounds. 

10.  Many  of  the  OMtftls  ve  ff4Mble  «f  m- 
sumiqg,  by  partkular  managemsnt,  cryttaUine 
forma;  which  ase,  feriJie  moat  p«it,  aither 
oibea  or  octohodrona. 

*  The  rdations  of  the  isetala  to  the  variMS 
objects  of  chemifltnr,  are  ao  complex  and  di^^ 
▼ersifiedf  aa  to  render  theur  rhmificatien  a  taak 
of  peculiar  difficulty.  I  have  not' seen  any 
arrangement  to  which  important  objactioiia 
may  not  be  offered ;  nor  do  I  hope  to  preaent 
one  which  aball  be  exempt  from  ditidam* 
The  main  purposes  of  a  methodieal  diateribution 
are  to  facilitate  the  acquiKment,  letention, 
and  application  of  knowledge.  With  Tegavd 
to  metals  in  general,*!  cOQceive  thes^  purpoaea 
may  be  to  a  ooqaideniblo  exteQt  atti^aed,  by 
bs^ning  with  those  whi^  are  moat  eminently 
endowed  with  the  eharasten  of  th»  genua, 
vhich  mof t  diatinctly  poaaew  the  propartiet 
that  constitute  their  value  in  oomnion  Uih| 
and  which  caused  the  early  iohabitanta  of  the 
earth  to  give  to  the  first  mctaUurgists  a  plafle 


Qttique  sui  memoica,  alioa  ftcere  mfimfe 

By  arranging  metala  avoiding  to  the  d^pee 
in  which  tlMy  possess  the  obvious  qualities  of 
unakerability,  bv  eommoa  agema,  tenad^, 
^  luatM,  we  also  conciliate  their  inoat  Imt- 
portant  chemical  relations,  namdy^  thaae  to 
wygen,  cfakaine,  and  iodine;  sinea  their 
Bi^allic  pn-eminence  is,  popolaily 
Invj^rsely  as  their  affinities  for  iheae  4i 


In  a  strictly  acientifie  view,  their  ] 

with  oxygen  should  parbapabelaasitpoded  i 

tfa«irdasaifiaalioi^  than  with  cfaloriae,  Itrthi 


m0ta]«»  But,  on  the  other  hand,  os^gen,irtiiob 

ihcms  one^ifth  of  tha.  1 

and  eigfat-nintha  of  the  aqueona  i 

to  a  much  gieater  exiei 

and  incesaantly  modifies  tfadi  fioBn,  both  in 

Mtuteandart    JNow  the  order  «•  pmiMiae  to 

iGidlowwill  indicate  very  needy  their  i 

toonygeu.    Aewe  ptogieasivay  i 

infiuence  of  diet  beautaful 

aively  iocfeasea.    Among  the  bodiaa  i 

hMd,  its  powera  are  aubjugatedhy  themetaUic 

oonatitution ;  but  among  tboee  near  the  hel» 

tem,  it  exercises  an  afinoat  deapetie  swijs 

which  Volta*B  magkal  pile,  direetad  by  tiK 

fnina  of  Davy,  can  only  mupmA  fiir  a  eeaaen. 
he  cmancUtated  metal  aoon 
(he  dominion  of  oxyfen. 


Gtturai  Tabic  4^  the  MeiaU. 


NAMES. 


3p.gr. 


PpMiplUnti. 


Colour  of  P*e>ipilate»  liy 


'^^Tjssir*' Ho«o^«-^  Xss-  hSSsssr* 


I  Platinum 
aCtoM 

s  Silver 

4  Palladium 

5  Havcury 
S  Coppsr 
f  Iron 

s  Tin 

9  Lead 
10  Nickel 

II  Cadmhnn 
IS  Zinc 

IS  Bismuth 

14  Antimony 

If  MaiiAaiMfe 

15  Cobalt 

IT  Tellurium 

IS  Aisflnte 

19  Chromium 
^  HolYlyienuui 


91.4T 

ta.se 

I0.4S 
11.8 


11.35 
8.4 
8.6 


8. 
8.8 

S.11S 

i  835? 
I  5.70  i 

4.90 

S.S 


Muf. 

( Sulph.  iron 
]  Nitr.  mercury 
Common  talt 
Fnis.  meicufy 
i  Common  salt 
)    Heat 
lion 

I  Suocincioda 
{    with  perox. 

Cor.subtim. 
Sulph.  soda 
.Sulph.  potash  ? 
Zinc 

Allcearbooataft 
"Water 
f  Water 
iZine 
Tartr.  pot. 
Alk.  carboaate« 
I  Water       | 
\  Antimonjr  | 

Nitr.  lead 

Do. 
Dd.{ 


VeUovMk'White  Onen; 


White 
Deep  oraof^ 
White  passing 

toTcnow 
Rcd'hrown 
Blue,    or  white 

passing  to  blue 

White 

Do. 

Do. 

Do. 

Do. 

Do. 
With  dJlnte  so. 

iuUoM  white 
While 
Brown-y^low 


White 

Gxeea 
Brown 


YeUBiowB 


Osaofs-yeUow 
Brown 

Piotox.  0      1 
Pcrox.b'ack| 

0 

White 
Orey-whtte 

0 

0 

Vellow^ 
White  ftom  \ 
valor   ,  i 

0 

Yeflow-while 
VeUow 


QiDvn 
Deep  brown 


YcUow 

eiatk 
Bladi»b4«(nro 


BiawnM|.)iM( 


Do. 
Oiuw»fdls« 

White 

Black-brown 

Orange 

White 
Black 

Blackish 

VeUow 

Greco 


Broim 
Black 


VcUovwb^vWie 

Black-brown 


V«llow 

Bxova 


21  Tungsten 

1T.4 

Dilute  adds 

»  ColumbfauB 

64? 

Zlvcorinf^ls 

Olive 

Orange 

Chooolate 

nSricttiiim 

4.9? 

{ Inm 

I  Sulphite  amro. 

24  Osnusm 

? 

Memury 

I  Purple  pawinjt 
I    to  deep  blue 

2$  Rhodium 

10^ 

Ziaal 

0 

0 

20  Iridium 

lS.6t 

Do.? 

0 

0 
Chocolate 

2T  Uranhnn 

•  • 

toTSlT*' 

Brown-red 

Brown-yeUow 

0 

2S  Tttanian 
29  Omtm 

h 

i 

Oxal.  ainm. 

MS%te     . 

Red-brown 

• 

Grass-green 
WhiU 

0 
0 

SaPoCMMOk 

9M$ 

j  Mur.  plat.  1 
iTartUl  } 

0 

0 

0 

0 

sifiedwm 

o^rt 

S2  Lithium 

ss  Calcium 

M  Barium 

seMqgnoium 

w  Yttrium 

wOliicliiwn 

39  Aluminum 

40  Zirconium 

«f  SiHoiimi 

The  fim  12  tie  malleable ;  aod  ••  are  the 
30ch«  3UC,  and  32d  in  thoir  ooosealed  state. 
The  fiiat  16  yield  goddes,  whico  are  neutral 


The  metaU  17*  1&,  19,  20,  21, 22,  and  23, 
are  acidifiable  by  oombinatiGn  with  oxfgea. 
Of  the  oxidflt  of  the  rest,  up  to  the  30th, 
little  ia  koown»  The  remaining  metaU  form, 
with  oiygint  the  alkaline  and  fartby  haMf. 

The  enler  of  their  «ainity  for  oxygen,  aa 
lar  asithaa  been  awyrtainfd,  ia  itated  in  the 
table  of  EleetiTe  AmTRACTiox  of  oxygen 
and  diemetala. 

We  than  now  giTe  an  example  of  the 
meihedef  analviing  a  metallic  alloy,  of  ailrv, 
copper,  lead,  mnmtb,  and  tin. 

IM  it  be  dMMdved,  with  the  aid  <^  heat, 
in  an  execea  of  nitric  add,  ep.  gr.  1.23. 
£?aponite  the  lolution  almoat  to  dryneee,  and 
poiur  water  on  the  icaiduum.  We  ihall  thna 
obtain  a  sobtioo  of  the  nitrates  of  silTer, 
cof^tr,  and  lead,  while  the  oxidea  of  tin  and 
biamath  wUl  be  left  at  the  bottom.  By  ex* 
poaing  the  litter  mixture  to  the  actioD  of  nitrie 
acid,  the  oxide  of  biimoth  will  be  leparated 
ftomthatof  tin.  To  determine  the  pwportione 
ni  the  other  metala*  we  poor  first  into  the  hot 
and  ptetty  dilute  eolutkin,  muriatic  acid,  whicb 
will  throw  down  the  silvflr.  AiWr  filtration, 
we  add  sulphate  of  eoda,  to  separate  the  lead} 
and  finally,  carbonate  of  potash  to  precipitate 
the  zine.  The  quantity  of  each  metal  may 
DOW  be  deduced  firem  the  wei^t  of  each  pie. 
lapiute,  according  to  its  specific  nature,  agree- 
ably to  the  principles  <k  composition  given 
iiDdcr  the indiTidnal metals.  SeeOBX8(^M. 

METEORITES,  ok  METEOBIC 
8TONE8,  are  peculiar  solid  compounds  of 
earthy  and  metauic  matters,  of  singular  aspect 
and  flonpontion,  which  oecaaionaUy  dcseend 


(iom  the  atmosphere,  usually  from  the  bosom 
of  a  luminous  meteor.  This  phenomenon 
afibrds  an  instructive  example  of  the  triumph 
of  human  testimony  over  ohiloeophical  soep- 
ticifan.  The  chronicles  of  almost  every  age 
had  recorded  the  fall  of  ponderous  stony  or 
•earthy  masses  ^m  the  air,  but  the  evidence 
had  been  rejected  by  historians,  because  the 
phenomenon  was  not  within  the  range  of  their 
philotovhy.  At  length  the  sober  and  solid 
'researcnes  of  physicaJsdence put  to ihame  the 
incredulity  of  the  metaphysical  schooL 

M.  Abel  Remusat  snows  in  his  translation 
recently  made  of  the  work  of  Ma»Toua»mLi»y 
a  ChiiMse  author  of  the  13th  century,  that  the 
Chinese  and  Japanese  noted  with  much  pre- 
dsioQ  every  thing  connected  with  the  appear- 
ance of  these  singular  phenomena.  They  re- 
marked that  the  stones  fdl  sometimes  in  per- 
fSectl?  serene  weather;  they  compared  the  ex- 
plosions which  took  place  to  thunder,  to  the 
noise  of  a  tnmbling  wall,  to  the  bellowing  of 
an  ox.  The  hissing  which  juicompanies  their 
fall  was  likfloed  to  the  sounding  of  the  wings 
of  birds  of  prey,  or  of  doth  torn  asunder. 
Aoeording  to  them,  the  stones  are  always  burn- 
ing hot  at  the  moment  when  they  readi  the 
ground;  thdr  outward  surface  is  black;  some 
of  them  ring  when  struck,  like  metallic  bodies. 
The  name  which  they  give  them  means,  falU 
iHg  start  changed  into  stoneu 

The  Chinese  bdieved  that  the  i^ipeanaices 
of  acmlites  were  connected  with  contenoporary 
events;  for  which  reason  thev  formea  cata.. 
logues  of  them  1  We  have  little  reason  to 
laugh  at  this  Oriental  prejudice.  Were  the 
philotophers  of  Europe  wiser,  when  resisting 
the  evidence  of  facts,  they  afiirmed  that  the 
falls  of  stones  from  the  atmosphere  were  tx»- 
potdbUf  The  Academy  of  Sciences  dedaied 
in  17G0,  that  a  stons  picked  up  at  the  instant 


MET 


60S 


MET 


of  Iti  la,  Mtf  Liioi.  by  aerail  pmonai  aJb 
kadJbOtmed  Um  dttcmi  wUh  thdr  eyes  to  the 
epot  where  U  etruck  the  grotmd^  did  motfiB 
fnm  the  deif.  Finally,  the  procke-verhal  of 
the  munkipidity  of  Lagrange  de  JuUae^  af  . 
finning  that  on  the  aOth  Aug.  1790,  there  fdl 
in  the  fields,  on  the  too&  of  houses,  in  the 
streeta  of  the  viUage,  a  great  quantity  of  stones, 
was  tieatBd  in  the  jonrasJa  of  the  time  as  a 
ridiculime  tak^  made  to  excUe  the  pitt  wot 
oiUif  qf  men  of  leamtngy  hmi  tf  all  rational 
beings,  «'Phiiosophet8,*' says  (Thladni,'' who 
will  mtt  admit  ftds  vhSch  they  cannot  ex- 
plain,  injure  the  wlTancement  of  sdenoe,  as 
much  as  those  to  whom  too  great  czedniity 
may  be  npioached.** 

^' While  all  Europe,'*  savs  the  odeinted 
▼anqudin,  ^temunded  with  the  rumour  of 
stones  fidlen  from  tlieheaTcnf;  and  while  phi- 
losophen,  distnded  in  opinion,  were  framing 
hypotheses  to  explain  their  origin,  eadi  aooord- 
ing  to  his  own  fancy,  the  Hon.  Mr.  Howard, 
an  able  English  diemist,  was  pursuing  in 
siknoe  the  only  route  wMch  could  lead  to  a 
sohition  of  the  problem.  He  collected  spe. 
omens  of  stones  which  had  fidkn  at  different 
times,  procured  as  much  information  as  pos. 
aibk  respecting  than,  compsred  the  physical 
or  exterior  characters  of  these  bodies;  and 
even  did  more,  in  subjecting  them  to  chemioBl 
analysis,  by  means  as  ingenious  as  exact 

"•  It  results  from  his  rescardies,  that  Ae 
stones  which  frQ  in  England,  in  Italy,  in  Ger- 
many, in  the  East  Indies,  sod  in  otho*  places, 
have  all  such  a  perfect  resemblance,  that  it  is 
•Imost  impossible  to  distfaiguish  them  from 
each  other;  and  what  renders  the  similitude 
more  perfect  and  more  strikinff  is,  that  they 
are  composed  of  the  same  priodjSes,  and  nearly 
in  the  same  proportions.*' 

I  have  given  this  just  and  handsome  tribute 
to  English  genius  in  the  form  of  a  quotation 
from  the  Frendi  chemist ;  by  appropriating 
the  language  to  one*s  sdf,  as  has  been  prac- 
Used  in  a  recent  compilation,  the  fivce  of  the 
compliment  is  in  a  great  measure  done  away. 

*^  I  should  have  abstained,'*  continues  M. 
Vauquelin,  ^^  from  any  pulilic  notice  of  an 
object,  which  has  beoi  treated  of  in  so  able  a 
manner  b^  the  En^sh  chemist,  if  he  hunseif 
had  not  induced  me  to  do  so,  during  his  re- 
ddence  in  Paris ;  had  not  the  atones  wUdi  I 
analysed  been  from  another  country ;  and  had 
not  the  interest  exdted  by  the  subject  rendered 
this  repetition  excusable. 

*'  It  is  therefore  to  gratify  Mr.  Howard ;  to 
give,  if  posdble,  more  weight  to  his  experi. 
ments;  and  to  enable  philosophers  to  |daoe 
Aill  confidence  in  them,  rather  than  to  ofibr 
any  thing  new,  that  I  publish  this  memoir.*' 
Jonntal  des  J^fines,  NOb  76;  and  TiUochU 
Mag,  ToL  XV.  p.  346. 

It  is  remarhaUe,  that  all  the  stones,  at 
whatever  period,  or  in  whatever  part  of  the 
'world  thry  may  have  fallcB,  have  appeared, 


as  fiur  as  they  have  been  examined,  <o  i 
ofte  aame  substances;  sndtoliave  n 

shnilar  to  them,  not  only  among  the  i 

in  the  ncighbonihood  of  the  nboM  whesedtej 

were  found,  but  among  all  ttiat  have  I  ~  ~ 

been  discovered  in  our  earth,  as  fax  i 

have  been  able  to  penettateb  Fottiiei 

analysis  of  a  considersble  number  of  a 

we  are  particolariy  indelHed  to  Mr. 

as  wdl  as  to  Klaproth  and  Vauqndin,  and  a 

precise  minerslogical  description  of  diem  has 

been  given  by  the  Count  de  BoumoD  and  odieR. 

Tl^are  all  covered  with  a  tlda  croatofa 
deefi  black  cokmr,  they  are  without  g^oaa,  aod 
their  surface  is  roughened  widi  snudl  asperities. 
Internally  they  are  giayiah,  and  of  a  g^aan. 
1^^  texture,  more  or  kss  fine.  Four  diffjrai 
substances  are  interspersed  among  their  tea. 
ture,  easily  distinguidied  by  a  lens.  TheaoiMt 
abundant  is  from  the  dxe  of  a  pin*a  head  lo 
that  of  a  pea,  opaque,  with  a  little  lustre  like 
that  of  eniand,  of  a  gray  ooioor  sometimes  in. 
dined  to  brown,  and  hard  enough  to  give&int 
sparks  with  sted.  Another  is  a  martial  pyrites 
of  a  reddish.ydlow  cdour,  bladt  w^ien  pov. 
dered,  not  very  firm  in  its  texture,  and  not  ai- 
tiaetible  by  the  magnet  A  third  camato  of 
small  partides  of  iron  in  a  perHeedy  mataBie 
state,  which  give  to  die  mass  tlie  quality  of 
being  attracted  by  die  magnet,  though  in  some 
spedmens  diey  do  not  exceed  two  per  oenL  of 
the  whole  weight,  while  in  others  they  extend 
to  a  fourth.  These  are  connected  togeciier  by 
a  fourth  of  an  earthy  consistence  in  nmat,  so 
that  they  may  be  broken  to  pieces  by  the  fiagos 
with  more  or  less  •difiiotlty.  The  bhuk  cruse 
is  hard  enough  to  emit  sparks  with  atcd,  bat 
may  be  brolun  -by  a  stroke  with  a  haauiMr, 
and  appean  to  possess  the  properties  ei  iSbt 
veiy  attiactible  Mack  oxide  of  iron.  Tlaar 
sp^c  gravity  varies  from  3*362  to  4-281. 

The  crust  appeszs  to  contain  nidbd  united 
with  iron,  but  Mr.  Hstdiett  could  not  deter- 
mine  its  propordon.  The  pyrites  he 
at  iron  -68,  sulphur  •  13,  nickd  -06, 
earthy  matter  -13.  In  die  metalUc  paittdes 
disseminated  through  the  mass,  the  mded  was 
m  the  prop(M!tion  of  one  part,  or  tfaeredMiat,  to 
three  of  iren.  The  hard  separata  bodies  gave 
dlex  •M,  magnesia  -Id,  oxide  of  iroB  -34, 
oxide  of  nickd  -OSi ;  and  the  omeat,  or  ma- 
Irix,  silex  -48,  msgnesia  -IS,  oxide  of  inn  -34, 
oxide  of  nidEd -026.  The  increase  of  weight 
in  both  these  arose  from  the  higher  oxidation 
of  the  iron.  These  proportions  are  takas  iron 
the  stones  that  fell  at  Bcnarea  on  the  I9tfa  of 
Deeember,  1708. 

yk.Q,  Rose  of  Berlin  has  succeeded  in  aeps. 
rating  ciystals  of  pyroxene  from  a  laige  spe- 
dmen  of  the  aerolite  of  Javanas,  aod  hasmca* 
snred  the  angles  with  the  reflective  soniometcr ; 
one  of  the  crystals  Is  of  the  octohedral  variety, 
represented  in  the  lOOdi  figiSe  of  Haily*s  Mi* 
nerslogy.  The  same  rod^/tiseac  ccatains 
microBCope  hemitn^  cryatak,  wirich 
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to  b«  ftlsp«r«  with  •  batsof  mda,  i  e.  albiie. 
In  the  a«kalll6of  PallM  tba  oliviM  IB  peiftelly 
crystalliied. 

The  MlitMy  maaMi  of  native  irao  that  have 
heen  found  in  SUwriaf  Bohemia,  Senegal,  and 
South  America,  likawiae  agree  in  the  circunu 
Btaoce  of  being  an  aUoTivim  and  nickel; 
and  aie  either  of  a  oeUular  teitue,  or  have 
eerthy  mntter  dbiettnnated  among  ^  moUL 
Hence,  a  shnilar  origin  haa  been  aeoibed  to 


Lengicr,  and  afierwaid  Thenaid,  fbond 
chrome  Ukewiee,  in  the  proportioa  of  about 
one  per  cent.,  in  dificrtnt  meteoric  atonea  they 
rraminfil. 

In  nil  the  inetaneea  hi  which  dieae  otonee 
bare  been  auppoeed  to  fall  from  the  doada, 
and  of  which  aay  perfect  acooimt  haa  been 
glYen,  the  appearance  of  a  lumhiottB  meteor, 
exploding  with  loud  noiae,  haa  immediately 
preceded,  and  hence  haa  been  looked  to  aa  the 
cauae.  The  stonca  HkewiM  have  been  mote 
or  leaa  hot,  when  found  immediately  after  their 
auppoeed  fiJL  Diflerent  opiniona,  howevcE, 
have  been  entertained  on  thia  subject,  which  is 
certainly  inyQlved  in  mudi  diffiodty.  Some 
have  auppoeed  them  to  be  merely  projected 
from  TotMnoes ;  while  othera  have  anggested, 
that  they  might  be  thrown  from  the  moon; 
or  be  bodies  wandering  through  space,  and  at 
length  brought  withm  the  sphere  of  attraction 
of  our  planet 

Varioua  liats  of  the  perioda,  places,  and  ap. 

peaxanoea  of  thcae  showers  of  stony  and  earthy 

matteia,  have  been  g^ven  from  dfloe  to  time  in 

the  sciimtiflc  journala.    The  latest  and  moat 

cmnplete  is  tbat  published  in  the  1st  voL  of 

die  £d.  PhlL  Joun.  compiled  partly  from  a 

printed  list  by  ChUuhii,  and  partly  from  a 

mannacriptone  of  Mr.  AUan,  rmd  some  yearn 

ago  at  the  Royal  Society  of  Edinbmgb.    It 

appeara  that  Domenico  Troih,  a  Jesuit,  pub. 

hAed  at  Modena,  in  1766,  a  work  enutled, 

I>eUa  Caduta  dH  un  Sas$o  daOAria^  ragiona^ 

memto^  in  which  the  ingenious  audior  proves, 

in  the  clearest  manner,  both  from  ancient  and 

modem  history,  that  stones  had  repeatedly 

frllen  from  the  heavens.    This  euriona  distocr- 

tetion  (ragloHamento)  is  in  the  posscarion  of 

Mr.  AUan.     The  compiler  of  the  new  hat 

jusdy  obaervea,  diat  nothing  can  show  more 

strikingly  die  nniveraality  and  dbatinacj  of 

that  aoeptidsm  whidi  discvedite  every  thing 

thatit  cannot  undostand,  than  tbedicumatanca 

that  hia  work  should  have  produced  so  little 

efiect,  and  diat  the  numenraa  frOla  of  meteoric 

atones  should  have  m  long  bem  ranked  among 

die  hiventiona  ef  ignocttit  crodnlity. 

Mr.  Howaid*s  admirable  diasertadon  waa 
pubUflhed  in  die  PbiL  Trans,  ibr  1809.  Itia 
reprinted  in  die  ISdi  voL  of  lUIoch's  Maga- 
rine,  and  ought  to  be  studied  aa  a  pattern  of 
«rienti6c  tescaich.  The  following  Table  is 
copied  from  t^   3|st  voL  of  die  Ann.  de 


Chronvlooical  List  of  Mxtjkobic 
SroKBa. 

Sect.  l.~Seft>re  the  Chrittkm  Era. 

ZHvinott  I.— Containing  those  which  can  be 

refened  pretty  nearly  to  a  date. 
A.C. 

1476*  The  thuadflistone  in  Ciela,  mentioned 
by  Malchua,  and  legaided  probably  as  the 
symbol  of  Cybcle.— Cftroirifjf  of  Parot. 
L18,19. 

1461.  Shower  of  stones  which  destroyed  the 
enemies  of  Joshua  at  Beth^onm,  was  pro- 
bably haiL--«/oiAflfa,  chap.  z.  11. 

1200.  Stones  preserved  at  OrchoDienoa.— 
PautaiHas, 

1168.  A  mass  of  iron  upon  Monnt  Ida  m 
Cnit.^Chrorncle  ofPanty  L  32. 

706  or  704.  The  Aneyle  at  aacred  shirid, 
which  fell  hi  the  idgn  of  Numa.  It  had 
neariy  the  same  shape  aa  those  which  fell 
at  the  Cape  and  at  Agram.-*P/eleroA,  m 
Num. 

654.  Stones  which  fell  upon  Mount  Alba  in 
die  leign  of  Tullus  Ho6tiltus.-l.''  CrdHrx 
eeeidere  ceOo  lapidet/'^Liv.  L  90. 

644.  Five  stonca  whidi  fell  hi  China,  hi  the 
country  of  Song.—^O^  Gitignet. 

466.  A  large  stone  at  ^gospotamos,  which 
Anazagoraa  supposed  to  come  ftoax  the  sun. 
It  was  as  large  as  a  cart,  and  of  a  bunit 
cohmr.-— ^^  Q^  tapuetuan  nunc  attenditur, 
magnUudine  vehit^  colore  admtto,^ — P/»- 
tardi^  Plmy^  lib.  ii  cap.  68. 

466.  A  stone  near  Thebes — SdudlaH  of 
Pindar. 

211.  Stones  fell  hi  Chma  along  widi  a  lUU 
ing  8tar...-l>s  Guignesj  Sue* 

206  or  206.  Fiery  stones — Plntareh,  Pab» 
Max,  cap,  2. 

192.    Stone  ML  m  Chhia.-^tf  Gulgnet. 

176.    A  stone  fell  m  the  Lake  of  Maia._ 

■  *^  Lafndem  in  Agro  Cnutumino  in  Locum 
MarHe  de  eeelo  eeddUec^'^Xiv,  ill  3. 

90  or  89.  *'  Modem  cauum  diceitte^  lateribue 
coeiiB  pMeaCf  in  ^u»  omM  acta  retatum 
eet.''^P»H.  Nat.  HUt.  Ub.  ii.  cap.  66. 

89.  Two  large  stones  fell  at  Yong  m  Chhia. 
The  sound  was  heard  over  40  leagues..— 
DeGuigneu 

66  at  62.    Spongy  iron  fell  in  Lueania 
PUtu 

46.    Stones  fril  at  AeiQa.-..C««ir. 

98.    Six  stones  lidl  hi  Leang  in  China  ■■  De 


29.    Four  stones  fell  at  Fo  m  Cfahia.— Jli» 

GuUmee. 
22.    Eight  stonca  fell  from  heaven,  hi  Chhia. 

— De  Gtngne*. 
12.      A    stone    fdl   at   Ton-Kouan.— .Us 

Cuignet. 
9.    Two  stones  fell  fa  ChfaM.-.J[>tf  Guignet. 
6.    Sixteen  stones  feU  fa  Nfag.Tchcon,  and 

other  two  fa  the  same  jmt^S^  Gnigmet. 
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6M 


MET 


IHrnUiom  UU^Coaiahina  diOM  of  wUdi  die 

date  GtDiiot  Iw  dtUmiiiied. 
The  mother  of  the  Gods,  which  fell  «t  Pei- 


12ia    StODttfill  atQnedlliibcMiis, 


The  ttone  preienred  at  Abydofc— Pil«. 

The  stooe  preserved  at  Cassandria.— Pits. 

The  Black  stone,  and  also  another  preserFed 
in  the  Caaha  of  Mecca. 

The  «*  TfaoBdcrtKdt,  bhck  in  appeaiance  Ukc 
a  bavd  lock,  brilliant  and  sparkling,'*  of 
which  the  Wartaimilh  lotged  the  swoid  of 
Antar.— See  QuarUrly  Bevitm^  toL  joo. 
p.  236.  and  Amiar,  tnnalated  ij  T.  Ha*. 

.  milloB,  Esq.  p.  1£8. 

The  stone  praerved  in  the  CoRMiatioD  Chair 
of  the  Kngs  of  fingland  was  not  meteoric. 

Sect.  ^^^AfttrOuCkfiitkm  Sra. 
P.C. 
Inthe  vesn*  3,  loe,  IbA,  3iaand3Sa,8taBei 

im  in  China.    Ahd  RcmmmL    Jtrnm.  de 

Physique,  Maj,  1819. 
A  stone  in  the  country  of  the  Vooeniini^— 

Piin. 
453.  Time  laige  stones  fell  in  Tfanoa.^ 

CedremU  tmd  MarceUtni,  Ckromam,  p.  29. 

— *"*  Hoc  tempore^**  says  Marcdii&us,  ^  tret 

magni  iapides  e  ado  in  Thraeia  ceMf^ 

runt.'' 
ikaeik   Century.     Stones  fell  npon  Mount 

Lebanon,   and   nsnc   Emisa  m  Syria* — 

l>ama$ciu»» 
About  57<K    Stonss  nesr  Bender  in  Arabia. 

— Atkoran,  TiiL  16.  and  cr.  3««nd  4. 
648.    A  fiecy  stone  at   Constantinople.— 

Sfiveral  Chnmiekt. 
823.    A  shower  of  pebbles  in  Sazoi^. 
890.    Stones  fell  in  Japan.     AbelMemuML 
862*    A  stone  fell  in  Tabariatan,  in  July  or 

August — DeStcy  uMid  Quatremere. 
856.    In  December,  ftve stones  feD  mEgypt 

7*heeame, 
885.    Stones  fell  in  Japan.    Abei  SemusaL 
897-    A  stone  fcH  at  Ahmedabad.— Qao^fv. 

mere.    In  892,  aooording  to  the  Chnm, 

Syr. 
921.    Great  stones  fell  at  NamL    Benedietue 

de  Saint- Andrea^  in  the  fibiaty  of  prince 

Chigi  at  Rome. 
051.    A  stone  fdl   near  Augsboq;.— jI/A. 

Stad,  and  others. 
09&    Two  stones  fieD,  one  near  die  Elbe, 

and  the  other  in  the  town  of  Magdeburg. 

— Costnat  and  Spangemberg. 
1009.    A  mass  of  iron  fUU  in  Djoidjan.^ 

Avicenna. 
1021.    Stones  ieQ   in    Africa  between  the 

24th  July  and  the  2l8t  of  Angutt.'*^!^ 

Sacy. 
1112.    Stones  or  iron  Mi  nesr  Aqnihyi-  ■ 

Valvaeor, 
1135  or  1136.    A  stone  fell  at  Oldiskben 

in  Thnringia.— ^jNM^enAer^,  and  others. 
1164.    Dormg  Pentecost,  kon  fell  In  Mia. 

nAtu^FeiMcimM. 


— Spangeuberg  and  Rivtmder. 
n^rteeuth  CaHmry.    A  stone  iUiflt  Wars. 

bmg.^— AcAattMs,  Htye.  Cur. 
Bctwem    1251  and  1363.    SlOMa    fell    at 

Wehkoi-Usdngin  fiassia.~Gia«iFra  .At. 

wa/.  torn.  35. 
1280L    AstOKftOat  AicttDdrin  te  JEgTpt 

-^DeSttcy. 
1300  nearly.    Great  atones  ftll  in 

Af  aiNUcH{pf  ehrvuMe  4m  the  \ 

$emm  of  PeH  in  Hmmgury, 
1304,  Oct.  I.  Stones  feO  at  AiidlanA  «r  Ftied. 

bcflg.-^  JTrawx  and  Spamgeuberg. 

^'     Stones  mi  iathsoooBtrynrAeVn- 


1338,Jan.a  In  Mortahith  and  J 

-"Quatrtmere* 
1368.  Amaasof  iraninifaeDndiynfOldtt. 

barg;— iSic6rani,  Meyer* 
1379,   May  26.    Stones  ML  at  Mindoi  fa 


1421.    A  stonefdlintheisbndor  Js 

airT.8.BtiUe. 
143a    A  showtt  of  spengy  stsnes  at  Rea, 

nesr  Buigos  m  ^ain. — PremH. 
— fc—  A  stone  fell  nest  LucQtBc. — Cyoat. 
1474.    Two  great  stones  fSi  near  VitedMv— 

i^iMisttra  ludiaua^  Sept.  lOSM^ 

1491,  Mardi  22.  A  stone  fie&  near  Crenm.^ 
Simmuia. 

1492,  Nov.  7.  A  flioaa  of  2601b.  fell  at 
Enrishrim  near  Stiman,  in  Alaaoeu  It  is 
now  in  the  lifaraiy  ofCofanstr,  andhns  bees 
reduced  to  IdOUK-^TriAemhiB,  Hinamg. 
AnmL  Conrad  Center^  lAber  do  Mermm 
PottiBtm  Pigmity  cap.  3,  p.  66.  in  his 
Opera^  Zufidk^  1565. 

1406,  Jan.  2&  or  2&    Thiee  stones  feD  be. 

tween  Cessna  and  BcMOMd.— Bnrie^  and 

SoheOieut. 
1511,  8q)t4.    Semalstoncs.  some  of  which 

weighed  lUb.  aadotiion  8lh.  ftllatCkamk 

•-GioiMHHii  d«l /Vsto^  and  othen. 
1520,    May.     Stones    feB   hi   An^on.-* 

Dkgo  de  Soya*. 
1540,  April  2a  Astonelidlfaidielinioasitt. 

— JtoMo.  do  SU  AmaUe.? 
Between  1540  and  1550.    A  mass  cf  h«n 

fell  hi  the  foRst  of  NaanbiC--C%fmwfc 

oftheMineeofMiema. 
«-—  Iron  fell  in  Fiedmoot.*-Jfer«sll  and 

1548,  Nov!  a    A  Usck  mass  feD  at  Msas. 

fold  in  Thnringhi^— j9omo.  de  St  Amabie. 
1562,  May  la    Stones  fUl  in  Tfanringia 

nesr  Sch]ossingen..^£^p0fi£i0ii50r^. 
155a    Two  hm  stones,  ss  krge  as  a  num's 

head*  fen  at  Misoob  in  Hungsry,  iriileh 

are  said  to  be  pieserred  in  the  tressuiy  st 

Vienna.*-~AC/hMM/l. 
1561,  May  17.    A  stone  cdkd  the  ^nr  J«f  is  > 

feB  at  Toigao  and  Eilenbilg.«-OcMsrsBi 

DeBooi. 
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H  near  Gttikigen. 
A  fume,  99lb.  weigbt,  Mi 


15W,  MayfT. 

1581,  July  26. 

in  Thuringia.    It  wa»  so  hot  thaTno  per- 
son C0uld  toacb  iX.-^BiiHhardy  OUarius, 

1583,  Jan.  9.  9lon<»  ftil  at  CastroTilhuri. 
— Catto^  Mercaii,  and  Imperati* 

Marcli  2.    A  itoiie  ftB  in  Pledment  of 

the  size  of  a  grenade.   * 

1601,  Juae  19.  Soma  laige  stones  fell  at 
^unnecsdorf.-— Ir««0#. 

IfiM,  Maech  1.  Stonss  ftD  at  CrevBlcoie. 
— MUtartUU 

In  the  »Mtemd^  CMtmf,  not  ia  \90&.  A 
stone  Ml  iollie  kingdom  of  VUenda.^ 
ObHiu  and  the  JenUts  iff  CtAmbrtk, 

16U,  Angust  A  geiat  Ml  of  stones  took 
place  in  Styrls.— HisuMitfr. 

A  mecaoie  mass   fell  in 


1681,  Aprfl  17*    Ansss  of  irsa*ftil  abont 
•  100  miles  8.  E«  df  Lalion.— ^rAan  Gfv^t 

jBcacofyj. 
1688,  Jan*  \A»    A  stone  VBl  ni  Devoonfae. 


1688,  April  0.  Stones  fdl  near  HatAnd  fa 
Boksliiieg  one  of  Aem  weighed  8>tfbi-« 
Qtmi.  Ua^  0e&  1766. 

1634,  Oct.  27-  Cmes  iUl  ioCluwDDois.--- 
Jfbfiaiis* 

168ft,  June  M*  A  slone  fUl  at  Vago  in 
Italy,  f 

July  7.  or  Sept  29.   A  stone,  iMlghing 

dwufe  II  OS.  Ml  at;  Calee^reJItfMerf, 
Opere,vi.64.P 

1626,  BiaMh  a  A  tnmulooking  ttdbe  i» 
nssiraen  osgsn  ana  UMvow  m  snesB..— 
Luea9  and  CIveeHaj; 

1687*  ^^*  ^^  OasMidi  sayi,  a  stone  of  a 
Ua^  metallic  colour  fell  en  Mount  Vaiiion, 
between  GuiBaaiBe  and  Pcme  in  Provuiiee* 
It  weiohsd  64ibb  sni  had  the  efaeand  ihape 
of  the  humaa  head.  ItsspcdflegmHtywAs 
a&^GMSMdi,  Opert^  p.9ft  Lyona,  16661 

L64S,  Attguet  4.  A  stone  wdghnig  4b»  ftU 
between  Woodbridge  and  Aldb«rough  In 
8niibliE.^-CMtf.  Jfe^  Itatt  1796. 

1643,  or  1644.  Stones  Ml  in  As  rak— 
fviAr/niia* 

1647,  i?eb.  la    A  stone  fell  near  Zwiean. 

-—  August.  Stones  Ml  in  the  bailBage  of 
SHABBuem  hk  Westahdia.— 6<Aen>  A«. 

Between  1647  and  t6»4.    A  maw  Mi  in  the 

SMk^^HWauM. 
16M;Angast6.    A  stone  Ml  at  Dttdredit 


1664,  March  30.    Stones  Ml  in*  the  ishnd  of 


/»f. 


MLat  Wttsawt— FJrfr.  BwniU 


stone  Ml  at  Milaa^  «nd  hilled^  a 
EnBwiscBn.-«-AAflKwm  ^epitUiamtm. 
1668,  June  I9ter8t4    Two  stones,  one  30(»b. 


aadths  other  2061b.  weight,  Ml  near  TV. 
n)na.-~Leg8nois,  ConvertfuUmt^  &c.  Paris, 
1672.  Valisnieri,  Opere^  n,  p.  64.  6a 
Moffftmoft  snd  Francitco  CarR,  who  pub- 
lished a  letter,  containing  several  cnrioos 
notices  respecting  the  Ml  of  stones  ftom  the 
heavens. 

1671,  Feb.  27.  Stones  fell  in  Soabfa.— 
Gilberfg  AimdL  torn,  xxziii. 

1674,  Oct  a    Two  large  stones  M!  near 

Between  \9lb  and  1677)  a  stone  Ml  into  a 
fishing.boat  near  Copin8haw.--WaSBoe*8 
Account  ofOfkne^y  and  Gatt.  Mng.  Juty, 
1806. 

1677>  ^Ib7  ^  Several  stones,  wfaidi  pro-, 
bably  contained  copper,  fell  at  Etmuoaoif 
near  RooBenhaTen.--Misc.  Nat,  Cvr.  1677* 
App. 

1680,  May  la  Stones  feH  at  London... 
King, 

1697»  Jflsi*  la  Stoned  feH  at  Pentolina  near 
Sienna.— 5old8iH  after  GdbrieH, 

1698,  May  19.    A  stone  Ml  at  Waltring. 

1706,  June  7*    A  stone  of  721b.  fcH  at  Lav 

riflsain  Macedonia.    It  smelt  of  sulphur, 

and  was  ISkd  tlie  scum  of  iron.— Pau/  Lucm. 

1716,   Apifi  11.    Stones  Ml  not  far  ftom 

•  Staig^  in  Pomerania.    Ann.  de  Giibertt 

IxxL  p.  216. 
172%  June  a    Stones  Ml  near  SchefOar  in 

Frebfaigen. — Meichdbeck. 
172a  Jimc  22L    Aboot  S3  stones,  black  and 

metaUic,  feH*  near  Plesoowitz  in  Boliemik. 

-^Rott  and  StepMg, 
1727,  July  22.    Stones  Ml  at  f  aboschits  fe 

Bohemia. — StepUng. 
VfWy  Angust  la    Stones  Ml  near  Carpenw 

tras.— Coffiiton. 
1740,  Oct  25.    Stones  feH  at  Rasgrad.— 

GUberCt  Annal.  torn.  1. 
to  1741.    A  large  stone  fell  in  winter 

iir  Sreeniand — Egede. 
1746.    Stones  Ml  at  Libotddtz  in  Bohemia. 

-^Sieplmg.l 
176&,  Oct  1.    A  huge  stone  feQ  at  Niort 

near  Goutance..— J7fiar(i  and  Loiande* 
1751,  Mar  26.    Two  masses  of  hon  cf  lUb. 

and  16Ib.  Ml  in  tbe  district  of  Agram,  the 

capital  of  Graatfau     The  largest  of  these 

is  now  hi  Vienna. 
1768,  July  a    Pour  stones,  one  of  which 

wdghed  laib.  Ml  at  Strkow,  near  Tkbor. 

— fiAyffn^,   **Z)ff  Ptuvia  LapideOy  anni 

1766,  adStrkfm,  etauscaum^meditatkiyV 

p.  4._Pn«.  1784. 
-— *  Sept    Two  stones,  one  of  201b.  and  (he 

other  of  1  lib.  fell  near  the  yiUagee  of  Laponas 

and  Piirin  Berae.^Lakinde  said  Richard. 
1766,  July.    A  stone  feQ  in  Calabria,  at 

Tenannora,  which  we^ed  7ib.  7)02.— 

Domitt.  Tata, 
1766,  «nd  of  Jtdy.     A  stone  fell  at  Alboreio 

in  Modena.— .TroiA. 
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1768,  Sept.  IS.    A  MOM  fdl  new  L«ce  in 

jtfjJne.    It  wai  analywd  by  Li¥>iikr,  Ae. 

.—AfiCTN.  ^ci7<2.  Par. 

A  «lfloe  fell  At  Aire. — Mem.  Aeai.  Par. 

Nov.  90.    A  stone,  weighing  381b.  fell 

at  Mauerknrchen  in  Btmaatw^Jmhof, 
1773,  Nov.  17.    A  ttxme,  wdghing  91b.  los. 

idl  at  Sena  in  Anigon.->PfoiM(. 
1775,  Sept  19.    Sumea  fSdl  near  Rodach  la 

CobouiK.— G<aer<*#  AimaL  torn.  xziiL 
or  1778.    Stones  fell  at  Obnite«a  in 

VoUiynia* — GUberC*  AtmaL  torn,  zxxi 
1776  or  1777,  Jan-  or  Feb.    Stones  feU  near 

Fsbnano.— ^^iaUaai  and  AmoreUL 

1779.  Two  stones,  weighing  3joa.  each,  fdl 
at  Pettiswoode  in  Ireland.— /^ifl^fey,  in 
GenL  Mag.  Sept.  179& 

1780,  April  1.  Stones  M  near  Beetton  in 
En^and.— ^twntf^  Post, 

About  1780.    MsMes  of  iion  fiell  in  the  teiri. 

1017   of    Kinidalf^  between    We8t.AiTcr 

mountain    and    Connecticnt.      Quarterlff 

Review^  Ko.  59,  April,  1824. 
1782.    A  stope  fell  near  Tnrin.— Tala  and 

Amoretti. 
1785,  Feb.  19.    Stones  feU  at  Eicbstadt.— 

PicMand^tts. 
1787,  Oct.  1.    Stones  fell  in  the  province  ai 
'  Charkow,  in  Bnssis      GUbertUAnnaL  torn. 

xxzL 

1790,  July  24.  A  great  shower  of  stoius£^ 
at  Barbotan  near  Roquefort,  in  the  vidnitj 
of  Bourdeaux.  A  mass,  15  inches  in  dia- 
meter, penetrated  a  hut,  and  killed  a  het^ia- 
man  and  a  bullock.  Some  of  the  stones 
weighed  251b.  and  others  301b...X4MM<. 

1791,  May  17.  Stones  feU  at  Caasel-Ber-* 
ardenga,  in  Tuscany. — Soidanu 

Oct  20.    Stones  fell  at  MeoabUly,  in 

Comwsllis. — King, 

1794,  June  16.  Twelve  stones,  one  of  which 
weighed  7foz.  fell  at  Sienna.  Howard  and 
Klapioth  have  analyzed  these  stones^.. 
Phil  Trans.  1794,  p.  103. 

1795,  Aptfl  13.  Stones  fsll  at  Ceylon.— 
Beck. 

Dec  13.    A  large  stone,  weighing  651b. 

fell  nesr  Wold  Cottage  in  Vorkshiiv.     No 
light  accompanied  the  S/XL-^GeuU  Mag. 

1798,  Jan.  4.  Stones  fell  nesr  Bebya-Zerkwa 

in  RuantL^GUberi's  Annal.  torn.  zzxv. 
Feb.  19.    A  stone  of  lOlb.  fell  in  Por- 

tugaL— Southey^s  Lettersfrom  Spaitu 
1798,  March  a  or  12.    Stones,  one  of  which 

wasthesizeofacairs  head,  fell  at  Sales. 

•^Mar^is  de  Drie. 
Dec.    19.     Stones   fell  in    Bengal— 

Howardy  Lord  VaknUa. 

1801.  Stones  fell  on  the  island  of  Tnnne- 
Uers.—- i^ory  de  St.  PincenL 

1802,  Sept.  Stones  fell  in  Scotland  PJIfoaM. 
1^  Magazine^  Oet  1802. 


I808,Arfa9i.    AmatfeBori 
place  at  Aigie.    They  weva 


ftBilEaat  Notoa. 


rApt. 


.  weighed  abo«t  171b. 

July  4.    SiDMa 

Pm.  Mag.  ai 

—  Oet.8.    AafeonefeUi 
*— .  Dec  13.    A  sine  feO 

felde  hi  Bavaria,  wsigfaaig  3ilb.^i 
1894,  April  «r    A  assne  feU  at  ~^ 

Glasgow.    PkiLMag. 
-*1807.    AaMetilaft 

Fan  JBeek  CaOcaetu 
1805,  Matdi  8«k    SMnsa  fefl  at 

in  Siboria — GUberits  AmmL  t 


widi  • 


—  Jnaa. 

crast,    fell    in 

Ing^gkm. 
1806,  Maidi  15. 

fitiannaaQdVi 

Sib.     . 
*— Mayl7.     A 


Two 


9^  fen 


MagazUte. 

liucas).  A I 

I  psovinoe  < 
OiUerfsAuaaL 
.*-.-  Dec.  14.  A  great  ahowcr  of  afeone  feU 
near  Wmum  m  Connwrimfc  MMses  of 
201b. 251b.  and351b.  werefiaiad. — SSOkMa 
and  Kingsh^  ' 

1808,  April  19.  Stms  fidl  M  B0190  San- 
Donmo—GaiifoMi  and  SfgagmomL 

May  22.    Stones  weii^iing  4lh.  or  Slk 

fell  near  StaUMn  in  MoBBvia—^BiK 
BriL 

Sept.  3.    Slimes  fett  at  Ltea  in  Bo. 

hitnisu— Qg  Schrtibera^ 

1809,  June  17.  A  slQBeof6oB.fe&on  boaid 
an  AmerioHi  vessel  is  latituda98»S8  N., 
and  hwgitnde  78^  25^  W..-JMU.  Brit.  ? 

1810,  Jan.  Sa  Sloosa,  sona  aff  wUdi 
weighed  about  21b.  All  in  Caswell  conntv. 
North  Ajnerica._PAtJL  M^.  vol  mtvL* 

July.    A  gnat  stone  fell  at  fihshaiisd 

in  India.  It  boned  live  viBagsa,  and 
killed  severalmcn  and  women.— PAUL  Mag. 
xxxvilp.286. 

Aug.  la     A  stooa  wei^Ung  7fh, 

fell  in  the  county  of  Tippenry  in  Irelaad. 
_PAiA  Mag.  v«L  szxviiL  Mr;  W. 
Higgins  puUi&ed  an  analyala  of  it. 

Nor.  28.  SftoocsfettatMoittlleb  Villa. 

rai,  and  Moulmbtul^  in  the  departnaBt  of 
the  Loint;  ose  of  tiaem  weighed  40ik 
and  the  other  201b_.Mdk  Jbwisai;  vol 
xxxix.p.168. 

1811,  March  12.  or  13.  A  atano  of  lADk 
fell  in  the  psovinoe  of  Pokawn  IB  Rnsria.^ 
Gilberts  Amals^  xxxviiL 

July  S.    Stones,  one  of  which  weighed 

^aa.  £ril  near  BeribMgniOaa  in  Spi^^ 
BibL  Brii.  con.  xlvliL  pi  l«i. 
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lait*  dkpia.111.    AdMHrorofttflMiMiiMr    ltt9^  Aug.  7« 


Mnr  NoldblMro  ia 


—  April  lA.  At«oiiA,thefliaeofBdiild's 
head,  feU  al  Enkben.  A  wpedbnam  of  it 
ia  In  the  poMWiimi  of  Ptokmot  Hbum- 
man  of  Bruiiswiclc.--XMifert'«  Amal  zL 
andxli* 

Aug.  6.    StOMi  fdl  at  GhUbtonay.^ 

BrockoHl. 

iai3»  Much  14.  Stones  foU  at  Cutio  in 
Calabria,  during  a  great  fall  of  ved  duet. 
*— DiW.  BHU  Oct.  181S. 

Sept.  10.    Sereeal  Btooee,  ooo  of  which 

WBigbed  171b.  £dl  near  Limerick  hi  Iidand. 

1814,  Feb.  3.    A  Hone  feU  near  Bacfaanit 

in  aoflria.— 47aten*«  AmmL  torn.  1. 
--.^  Sept.  6.  Stones,  eome  of  which  weighed 

181b.  feU  m  the  Tidiihy  of  Agen.— FAiiL 

Ma^»  v6k  ^.        • 
•.—  Not.   6.    Stonea,  of  lAich  19  were 

found,  fm  in  the  Daab  m  India-^FAit 

1816,  Feb.  18.  A  attme  ftU  at  DimOa  hi 
India      J*hiL  Mag,  Journal  €f  Science. 

Oct.S.   A  hBcge«tone£AatChaerigny 

new  LaD^pea-^Piilolfat.  Atm.  da  Oikm. 

1818k  AstoneftllatGlaetaidraiyhiSonMr. 
aeiriiae.— i>iUt  Mtur. 

1817,  May  2.  andS.  Theie is leaaon  to thinlc, 
that  maasfls  oiataob  fell  in  tiie  Baltic  after 
the  gseat  meteorof  Gottenbwrg.— C^fadai.  ? 

1818,  Feb.  16.    A  great  atone  appeaia  to 
.   h«?e  iaUen  at  Limoge,  but  it  has  not  been 

diamtcBed.r*Oaj0ttf  4e  Framce^  Feb.  26, 

1818. 
*— -  Mardi  80.    A  stone  iSdl  near  Zubonyca 

in  V(dhynia  (analysed  by  JIf.  Lattgier^  Awn, 

de  Mtmrnmy  17th  year,  9d  nnmbcr). 
Jii1t80.O.&    a  stoooof  71b.fellat 

the  Tilbgeof  Slobodka  m  Smolensko.    It 


penetrated  nevly  16  inclieB  into  the  gioimd. 

It  had  a  bown  drust  with  metallic  spots. 
1810,  June  18.    Stones  ftll  at  Jonsac,  daparu 

ment  of  the  lover  Charenle.    These  stones 

flni*fii^  no  nickglr 
•— *-  Oct.  13.     Scones  ftU  near  Politz,  not 

tu  from  Oera  or  Kostrits,  in  the  prinei* 

pslity  of  Knm^GUbert'i  Annaisy  huii. 
1820^  21  to  22  Match.    A  stone  feU  in  the 

ni^  at  Vedenbuigfa  in  Hungary.— Hm- 

•penw,  zxYiL  coA.  £ 
-*-*- July  12.    A  stone  ftU  near  Likna,  in 

the  dsdeof  Dunabofg*  profince  of  Wit^k 

in  BiiaBia.—7A.  GmIiAsis.  Jan.  lis  GiOnt, 

IzriiL 

1821,  June  16.    Stones  lUl  near  Juvnus, 
oootainiBg  no  nickel. 

1822,  June   8.     A  stone  fell  at  Angers. 
AtmudeCMm, 

Sept.  lOi  near  Corlstadt    m 

Sweden. 
■"  ■  13.  — B near  U  Ba^,  can. 

Urn  of  Ephud,   department   of  Voeges. 

-^Amu  deChim. 


America.— ^/i0MMi*«  Atneriean  Jaumai^ 

riL 
1824,  towards  the  end  of  Januaiy.    Many 

stones  fell  near  Arenazio,  in  the  territory  of 

Bologna.    One  of  them  weighting  12  lbs. 

is  preserved  in  the  Obeervatory  of  Bologna. 

— Diario  di  Roma. 
«-—  beginning  of  Febmaiy.    A  great  stone 

feU  hi  the  peorince  of  Irkutsk  ia  Siberia. 

"^Some  joumalt. 
-^-  Oct  14.    A  stone  fell  near  Zebiak, 

etede  of  Beraum,  in  Bohemhk    The  stone 

is  pieeenred  in  the  natkmal  museum  of 

Prague. 

List  of  Masses  of  Ihov  svppossd  to 
have  fallen  fbom  the  heavens. 

Sect*  X.'^Spongy  or  CeUmktr  Messes 
contaiHing  Nickei. 

1.  The  mass  found  by  PaUas  in  Siberia,  to 
whidi  the  Tartars  ascribe  a  meteoric  orighi. 
-^Voyages  de  PaOas,  torn*  iv.  p.  646. 
ParU,  1703. 

2.  A  feagment  found  between  Eibenstack  and 
J<wiannge<wgcDstadt. 

3.  A  fragment  probably  from  Norway,  and  in 
the  imperial  cdrfnet  of  Vienna. 

4.  A  small  mass  weighing  some  pounds,  and 
nowat  Ootha. 

6.  Two  masses  in  Greenland,  out  of  which 
the  knives  of  the  Esquimaux  were  made. — 
See  Ross's  Account  ^an  Expedition  to  the 
Arctic  Regions* 

Sect.  2.    Solid  Masses  where  the  Iron  exists 

in  Rhomboids  or  OctohedronSf  composed  qf 

Strata,  and  containing  Nickel 
1.  The  only  fell  of  hon  of  this  kind,  is  that 

which  took  place  at  Agram,  in  1761. 
8.  A  mass  of  the  same  kind  has  been  found 

on  the  right  bank  of  the  SenegaL    Com~ 

pagnouy  Forster,  Goldterry. 

3.  At  the  Cape  of  Good  Hope;  Stromeyer 
has  ktdy  detected  cobalt  in  ^is  mass. — 
Flsfi  Mantm  and  DankeUnan;  Brande''s 
Journal^  voL  vi.  182. 

4.  In  difierent  parts  of  Mexico.— iSIdaaf- 
sdtmidt,  Humboldt^  and  the  GaxetU  de 
Mexico^  torn.  L  and  v. 

6.  In  the  province  of  Bahia  in  BrariL  It  ia 
seven  feet  long,  four  feet  wide,  aad  two  feet 
Aiek,  and  its  we^ht  about  14,000  lb — 
Mbrnay  and  WoUaston;  Phil  Trans.  1818, 
p.  270,  281. 

8.  In  the  jwisdicdon  of  San  Jago  del  Eateta. 
--Rubin  de  CteHs^  in  the  PhiL  Trans. 
1788,  voL  hcxviii  p.  37. 

7.  At  Elbogen  hi  Bohemhi — GiSberCs  Annal 
xhi.  and  xUv. 

8.  Near  Lenarto  m  HuDgary.~-2>ifto,  xlix. 
The  origin  of  the  following  masses  seems  to 

be  uncertain,  as  they  do  not  contain  nickel, 
and  have  a  different  texture  from  the  pre* 
ceding: 


MIA 


006 


MI£ 


1.  A  vum  finoA  mmntm  Rtd  Alver;  add 
jnt  Awk  New  CMaaiui  to  Nev  Yoric — 
JbMfM.  <l^#  Mines,  1812,  Bntce^t  Jourm, 

3.  A  unw  at  AixJa*(aiapcIle  cantaittiBg 
anemc.-— Gt/I«it*«  ^mi0iL  zhriiL 

3b  A  man  fouiid  on  Ihe  hiH  of  Bziaiiza  in  the 
U3Uihmt.^CMBdtA  in  GUbert't  AnaaL  1. 
p.  276. 

4.  A  mum  fbimd  at  OrMluuiidoif,  and  ooa- 
tainhig,  afflwrimg  to  Kfafcoth,**  tittk  lead 
and  copper. 

Nic&el  or  chromiimi  it  found  ta  be  Ae 
eonatant  aasodate  of  the  inn  in  the  meCaoio- 
litea.  ThqraieGbaiactaistiaoCiiietaoiicimi, 
and  are  never  found  in  mineral  native  brml 

NidceL  has  been  hitherto  regasded  aa  the 
ftde  characteristic  mgredient  of  meteoric  stones, 
but  fiom  the  analyses  of  some  Ute  meteoio- 
lites  it  vtDttld  appear,  that  this  metal  ift.occa. 
sionaUy  absest,  while  Gfaromium  is  always 
leoBd.  Hence  ihehitterhaa  some  to  be  slewed 
■8  the  eonatant  charaetsriatic. 

For  a  list  of  meteouB  faUa  of  dast,  and 
soft  substances,  dry  or  moist,  see  Cnuami  in 
A«tud€Chkm*  H  Ph^  xxxL  263. 

The  phenomenon  of  red  snow  observed  at 
Baffia*s  Bay  baa  of  laCe  exeiied  sobm  specn^ 
lation,  being  supposed  to  be  »  meteoric  pocBO- 
menon.  But  Mr.  BaMitr  has  proved  by  micni- 
scopic  examination,  that  the  colomiag  pattlslea 
eonaist  of  a  new  speeies  of  the  medo^  wftidi 
grows  upon  the  snow,  to  which  he  has  given 
the  appropriate  name  of  uredb  «fmiA#<  He 
found  the  real  diameter  of  an  indlyidaal  fiiU 
grown  globule  of  this  fiingus,  to  be  the  ontf 
thouta/M  Hx  himdi»9dlh  pari  of  an  ino^ 
Hence,  in  ordv  to  oovera  single  aquitt  indi, 
two  minion  five  hundred  and  sisty  thoustad 
of  them  are  necessary.  Journal  af  iSiuleiies; 
voL  vii.  p.  222. 

METEOROLOGY.  See  Cuk^s^ 
D£W,  Raik. 

MIASCITE.  A  edluiniiar  variety  of 
bittenpac,  intermixed  with  aabssto^  AooK 
Miaaka  in  Siberia. 

MIASMATA.  Vapoonoreffluvib,  which, 
by  their  application  to  te  luiroaa  Rystenii»  are 
capable  of  eicidng  various  diseaaes,  of  which 
the  principal  are  mtttmktenti  sonittent^  and 
yellow  fevers,  dysentery  and  typhus^  That 
of  the  Isat  is  gmeratBd  in  the  human  bed/ 
itself,  and  is  sometimes  eaUed  the  typhoid 
fiunes;  The  olher  miasmata  ate  prddiiood 
ftom  moiat  vegetable  matter,  in  some  unknown 
state  of  decomposition.  The  coatagioii*  virus 
oif  the  plague,  small-peK,  nieades»  duneonght, 
^ynandie  malig&a,  and  scarlet  fever,  aa  wiell  as 
of  typhus  and  the  jail  fever,  opemtes  td  a 
mu^  move  limited  distance  thtoou^  the  inter- 
medium  of  the  atmorahere  than  the  marsh 
miasmata.  Contact  of  a  diseased  penon  ir 
aaid  to  be  necessary  ibr  the  communication  of 
plague ;  and  approach  within  2  or  3  yards  of 
him  for  dut  of  typhus.  The  Walcheien 
miasmata  extended  their  pestilential  influence 


to  vsMeh  iUk«al«MlH#,  fbBf  aqoMtt  tir« 

mile  from  the  shoie. 

The  chemical  natme  of  all  these  \ 
efflnvia  is  little  ondentaed.  Tbsy1 
adly  eensiit,  howevas,  of  hydasgen  imilsd  with 
Jalphuc,  phosphflrasy  caiinn,  voA  aaoisv  ^ 
unknown  proportiflai,  and  unknown  atataa  of 
oawhmartww  Hie  pnpsr  nentEriiacn  er 
destroyers  of  these  garifom  poisrtlM  aae  astik 
add  vi^jioiai^  nmriatie  arid  gv,  anAchloiiB*. 
The  bat  two  are  the  meat  cScadooa;  4nt 
requhe  to  be  used  h&ritnatioBsli«to  iHrtch  Ifae 
padttta  CBB  be  ranaved  at  the  thno  of  the 
apyWratinn.  Nitrie  acid  vapoat  xuuf^  how- 
ever,  be  diffused  hi  the  apartmsida  of  die  sick. 


particularly  blaalBsti»  oairB 

nHues*  man  active  stae^nir  !■■■  » i  ■  i  .y  pi 
of  dme.  Henaa,  they  ought  to  be  ftiaiignsd 
with  peenliar  care.  The  v^our  of  taSrii^ 
aolphiff  or  sdphuaooa  acsd^  ia  nasd  i»  iha 
Bastragahntthephi^  It  fc  ttm^  urfsrier 
in  power  to  the  other  antih^mic  reagums.  See 
FujaasTiow  -and  QmLOKom  9t  (Lott) 
at  the  end.    ' 

MICA.  Yiotaaet  Jwmaton  ariidividca 
this  mineial' raoriaa  into  ten  aab  spsriasi  via, 
mica,  pinite^  lepidsikey  dikrita,  m^ma  eanb^ 
talc,  nacrite*  potstone^.alealita,aod  I 

Mka,  Ce&BiRa  yritowfth  aad 
gmy.  Masrive,-  diasBHiBaisd,  ai 
Bttd.  Ita  priBiiriM>  lijgnBB  in  n 
Theaaeendaiy  ftrma  SN  f  an  e^tniigalas  aiz» 
sMad  psisBB,  or  tables  •  wrfgnwr  ter- 
sUedprlnn,oatsile;.andnsiz««&ied  p^rsanid. 


Lateral  pknes  mooth  and  ^Undenti 
InngifndinaHy  atteakad*  lUiMIe  psfldfp,  <r 
ssM-metaUic^  ClsBvaga  tingh  FngMiia 
tabular  and  spliniM.  TmiuoBBt^  ieetiie. 
Streak  gniy.«doBrad..  Hsfdcs  ifeuv  gnMom^ 
hut  not  ao  bad  a»  csisMKiOaa  spaa*  Feeds 
masgie  or  noathb  filattiBJtoobl&  S^  gr. 
2.6&.  BefiMe  the  bhmpipe  it  mdta  into  a 
mayishi  aliiiii  *««^m^i  its  fimatitufi***  aae, 
sUica  47,  alumina  22^  ocdde^of  inn  1&5, 
oxide  of  manganese  1.76,  potash  I4.ft.. 
Kkiproih.  It  occbsa  aloog^  with  felapar  and 
qnarta  in  granite  and  gntias^  It  biwh  rtinie 
mrma  short  beds^  hi  gMnita  and  other  psam- 
tive  sacfak  Most  of  the  mtca  of  cotttrnpsrw  ia 
baoBght  ten  Sibea%  wheae  it  i»  oaod  for 
window.ghuM. 

MICEOOOSMIC  SALTS.  A  trifOoaalt 
of  aoda,  anunonia,  and  phos|AaBie  aild,  ob- 
tamed  from  uriho,  end  muah  used  hi  assays 
by  the  blowpipe.  This  oompouad  is  hast 
praeure^  fay  mizfaig  equal  paita  of  dn  phea- 
pbate  of  sgda  and  phosphaas  of  i 
sohitlni,  snd.  then  oiyatellis&ig.  A 
excess  of  ammonia  ds  useful  in  the  i 
SeeSAXT. 

MI£MIT£ ;  of  whidi  there  are  two  Unda, 
the  granular  and  prismatic,  both  aab^spceiea 
of  dolomile» 

Granular  miemite.    Colewpaiei 


MIL 
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graen.  Masaive,  in  granular  distinct  con- 
cretkns,  and  cryatallixed  in  flat  double  three- 
aided  pyramids.  Lustre  splehdent,  pearly. 
CleaTage  threefold  obliipie  angular.  Trans, 
lucent.  Semi^haid.  Britde.  Sp.gr.  2.885. 
It  diiaolyea  slowly,  and  widi  little  eflor- 
veaoeooe,  in  oald  nitric  acid.  Its  constituents 
are,  carbonata  of  lime53,  carbonate  of  magnesia 
42.6,  oarbonate  of  iron,  with  a  little  manga- 
Qcae,  3.0.  It  is  found  at  Miemo  in  Tuscany, 
imbedded  in  gypsum,  at  Hall  in  the  Tyrol, 
and  in  Oreenland. 

JPrismaiic  miemiU,  Cdour  asparagus. 
green.  It  oocrns  in  prismatic  distinct  con- 
cretiona,  and  crystallised  in  flat  rhomboids, 
which  are  deeply  truncated  on  all  their  edges. 
Imcmally  shining.  Fracture  passes  from 
concealed  foliated  to  splintery.  Strongly 
toanahiceiit  As  hard  -as  the  former.  Sp. 
gr.  2.885.  It  dissolves  like  the  other.  Its 
oooatitaenta  are,  lime  33,  magnesia  14.5,  oxide 
oi  hoD  8.5,  carbonic  acid  47.25,  water  and  loss 
2.76*  JHapr.  It  occurs  in  cobalt  veiifS  that 
traverse  sandstone,  at  GlUcksbrunn  in  Ootha. 

MILK  is  a  well  known  fluid,  secreted  in 
peculiar  vessds  of  the  females  of  the  hutnan 
species,  of  quadrupeds,  and  of  cetaceous 
annuals,  and  destined  for  the  purpose  of 
nourishing  their  young. 

When  milk  is  left  to  spontaneous  decom. 
position,  at  a  due  temperature,  it  is  found  to 
be  capable  of  passiog  through  the  vinovs, 
acetous,  and  putrefactive  fbmaentations.  It 
appears,  however,'  probably  on  account  of  the 
small  quantity  of  akohdl  it  affords,  that  the 
vinous  fbrmentation  lasts  a  very  short  time, 
and  can  scarcely  be  made  to  take  place  in 
every  part  of  the  fluid  at  once  by  the  addition 
of  any  fennent.  Tfaos  seems  to  be  the  ieason 
why  the  Tartars,  who  make  a  fermented 
liquor,  or  wine,  from  mare's  milk,  called 
koumUty  Booeeed  by  using  large  quantities 
at  a  time,  and  agitating  it  very  flnquently. 
They  add  as  a  foment  a  sixth  part  of  water, 
and  an  e^th  part  of  the  sourest  oow*8  milk 
Ifaey  can  get,  or  a  smaller  portion  of  koumiss 
alrndy  prepared:  cover  ^  vessel  with  a 
thick  cMi,  and  let  it  stand  in  a  moderate 
warmth  fbr  24  hours :  then  beat  it  with  a  stick, 
to  mix  llie  thicker  and  thinner  parts,  which 
have  separated:  let  it  stand  again  24  houia 
in  ahigli  narrow  vessel,  and  repeat  the  beathig, 
till  the  liquor  is  perfectly  homogeneous.  This 
liquor  wid  keep  some  months,  m  close  vessels, 
and  a  cold  place;  but  must  be  well  ndzed  by 
beating  or  shaking  every  time  it  is  used. 
They  sometimeii  extract  a  spirit  fhnn  it  by 
distillation.  The  Arabs  prepare  a  sbnilar 
liquor  by  Ihe  name  of  lehm^  and  the  Turks 
bythatofyoovrf.  Eton  hifbrms  us,  that,  when 
properly  prepared,  it  may  be  left  to  stand  till  it 
becomes  quite  dry ;  and  in  this  state  it  is  kept 
in  bags,  and  mixed  with  water  when  wanted 
for  use. 

The  saodMrine  lubatanoe,  upon  which  the 


fermenting  property  of  milk  depends;  is'held 
in  solution  by  the  whey,  which  remains  aAer 
the  separation  of  the  curd  in  making  cheese. 
This  is  separated  by  evaporation  in  the  large 
way,  for  pharmaceutical  purposes,  in  various 
parts  of  Switzerland.  When  the  whey  has 
been  evaporated  by  heat,  to  the  consistence  of 
honey,  it  is  poured  into  proper  moulds,  and 
exposed  to  dry  in  the  sun.  If  this  crude 
sugar  of  milk  be  dissolved  in  water,  clarified 
with  whites  of  eggs,  and  evaporated  to  the 
consistence  of  syrup,  white  crystals,  in  the  form 
of  rhomboidal  parallelopipedons,  are  obtained. 
Sugar  of  milk  has  a  faint  saccharine  taste, 
and  is  soluble  in  three  or' four  parts  of  water. 
It  yields  by  distillation  the  same  products 
that  other  sugars  do,  only  in  somewnat  dif. 
ferent  propordons.  1 1  is  remarkable,  however, 
that  the  empyreumatic  oil  has  a  smell  resem- 
bling  flowers  of  benzoin.  It  contains  an  add 
frequently  called  the  saccholactic ;  but  as  it  is 
common  to  all  mucilaginous  substances,  it  has 
been  termed  mucic.    See  Acid  (Mucic). 

The  kinds  of  milk  that  have  been  chemi. 
caHy  examined,  are  marc's,  woman%  ass's, 
goat's,  sheep's,  and  cow's.  We  have  here 
placed  them  according  to  the  proportion  of 
tuffar  they  afforded;  and  this,  Parmentier 
observes,  was  precisely  of  the  same  quality  in 
all,  while  all  the  other  parts  varied  in  quality 
as  well  as  quantity  in  the  different  milks. 
With  regard  to  the  whey,  they  rank  in  the 
following  ofder:  ass's,  mare's,  woman's, 
cow's,  goat's,  sheep's:  to  cream;  sheep's, 
woman's,  goat's,  cow's,  ass's,  mare's:  to 
butter;  sheep's,  goat's,  cow's,  woman's:  to 
cheete  ;  sheep's,  goat's,  cow's,  ass's,  woman's, 
mare's.  Parmentier  could  not  make  any 
butter  flrom  the  cream  of  woman's,  ass's,  or 
mare's  milk ;  and  that  fW>m  sheep  he  found 
always  remained  soft.  From  their  general 
properties,  he  has  divided  ihem  into  two 
daases,  one  abounding  in  serous  and  saline 
parts,  which  includes  ass's,  mare's,  and  wo- 
man's ;  the  other  rich  in  caseous  and  butjnra- 
ceous  parts*  which  are  cow's,  goat's,  and 
sheep's. 

'  Cream,  sp.  gr.  1.0244  by  Bcndius's  ana- 
IjwB,  consists  of  butter  4.5,  cheese  3.5,  whey 
92.  Curd,  by  the  analysis  of  MM.  Gay 
Lussac  and  Thenard,  is  composed  of 

Carbon,      59.781 

Oxygen,      11.400 

Hydrogen,    7.429 

Atote,         21.381 

100.000 
Whey  always  reddens  vegetable  blues,  from 

the  presence  of  lactic  add.    Milk,  according 

to  Beneeliost  consists  of, 

Water,      -        -        -        .        92^75 
Curd,  widi  a  little  cream,    .  28.00 

Sugar  of  milk,  -        -  35.00 

Muriate  of  potash,       -        >  1.70 

Phosphate  of  potash,  0.25 


Earttiy  phoiphatss. 


0.30 


1000.00 

Sinee  both  cieani  and  water  affect  the  spe- 
dfic  grarity  of  milk  alike,  it  is  not  possible  to 
infer  the  quality  of  milk  from  the  indications 
merely  of  a  specific  gravity  instrument.  We 
must  first  use  as  a  lactometer  a  graduated 
glass  tube,  in  which  we  note  the  thickness  of 
the  stratum  of  cream  afforded,  after  a  proper 
interval)  from  a  determinate  column  of  new 
milk.  We  then  apply  to  the  skimmed  milk 
a  hydrometric  instrument,  from  which  we  leain 
the  relative  proportions  of  curd  and  whey. 
Thus,  the  combination  of  the  two  instnmienta 
furaidies  a  tolerably  exact  lactometer. 

BULK  QUARTZ.    See  Quartz. 

BI ILT  of  the  Carp.  It  contains,  aoeording 
to  Fourcroy  and  Vauquelin,  albumen,  gelatin, 
phosphorus,  phosphate  of  lime,  phosphate  of 
magnesia,  and  muriate  of  ammonia. 

Bf  INBBRERUS'  SPIRIT.  Liqmd  aoe. 
tate  of  ammonia. 

MINERALOGY.  That  department  of 
natunl  history  whidi  teadies  us  to  describe, 
ifrmgniiff,  and  dassify,  the  dificrent  genera 
and  raedes  of  the  objects  of  inorganic  natnrew 
As  the  greater  part  of  these  are  soUds,  ex- 
txacted  fhim  the  earth  by  mining,  they  are 
oAlled  Itf  IKE  HALS.  The  Tterm  Fossil  is 
now  commonly  reitrieted  to  such  forms  of 
organic  bodies  as  have  been  penetrated  with 
eailfay  or  metaUle  matters. 

Professor  M(^s  of  Freyberg  has  latdy 
published  a  work,  replete  with  profound  gene- 
ral  views  on  mineralogy,  which  pramiaes  to 
place  the  science  on  a  surer  basis  than  it  has 
hitherto  stood. 

Werner  first  taught  mineralogists  to  eon. 
sider  the  productions  of  inorganic  nature  in  a 
state  of  mutual  connerion,  resulting  from 
mineralogical  aimilarity.  Thus,  heavy  spar 
is  plamly  more  similar  to  ealesROus  spar  tfasn 
felspar  is;  fdspar  than  garnet;  garnet  than 
jron^gbttoe;  iron^lanoe  than  native  gold ; 
and  80  on. 

A  collection  of  species  connected  by  the 
higheity  and  at  the  ame  time  equal  degrees 
of  natural-history  ifanilarlty,  is  named  agmus. 
The  same  ooeurs  in  aoology  and  Iwtaay. 
Thus,  the  wolf,  dog,  ibz;  the  lion,  tiger,  oat, 
unite  into  gensnu  Individuals  wfaoae  forms 
beiong  to  two  difl&rent  systems  of  crystalliza- 
tions cannot 'be  united  in  the  same  spedes. 
Radiated  hepatic,  and  easiated  inn  pyrites, 
theieAve,  constitute  a  distinct  qiedes.  Yet 
this  spedes  is  so  similar  to  that  of  common 
iron  pyrites  (tessular),  that  we  mutt  unite 
them  into  oncgenns. 

An  order  compndiends  several  analogous 
gcnem ;  and  a  class,  analogous  osdess. 

The  spedfic  character  eoosists  partlailarly 


tallme  forms  may  be  reduced  in  au  cases  to 
one  <it  four  Systems  of  Cktstaixiza- 
TioN :  the  RnoMBOHiSDBAi. ;  the  Ptea. 
MiDAL,  derived  fWxn  a  fbur-^ded  tsosedei 
pyramid ;  the  Prismatic,  derived  from  t 
scalene  four-sided  pyramid;  and  lastly  die 
Tessulas,  or  that  whidi  is  derived  fnin 
the  hexahedron. 

When  we  wish  to  determine  the  spedes  lo 
which  any  mineral  bdongs,  by  means  of  s 
tabular  view,  we  must  first  ascertain  dther  its 
primitive  form  or  deavage,  and  afUrwsnh 
the  hardness  and  spedfic  grsTity.  The  de- 
grees of  hardness  are  expressed  by  Mahs  in 
the  following  manner : — 

1  expresses  the  hardness  of  Talc, 

2  Oypmm, 

3  Calcaieo«fl|w, 

4  Fluorspar, 

5  Apatite, 

6  Fdspac 

7  Qwrta, 

8  Topns, 

0  Conmdua, 

10  INaOMMid. 

Professor  Blohs  has  arranged  minenb  ioss 
three  dasses. 

L  Chanuster  of  thefirst  daa& 
.  If  solid ;   sapid.      No  bitominaua  odour. 
Sp.  gr.  under  3.&    It  baa  4  ordtas. 

Order  1.  Gat.     Bxpyssible.    Not  add. 

2.  Water.  Liqoad.  WiHiOBrt  edosr  « 
sapidity.    8p.  gr.  1. 

9.  Add,  Add.  8p6dfkgis«itr,<M#l6ts 
87. 

4.  SaiL    Notadd.    Sp.gr.  1.2  to  Sl». 
II.  Ghanctercf  dieseesBd  daaa. 

Inupid.    6p.  gr.  above  1*8. 

Order  L  KeMde  (saitJibr).  Ndtaaetallic 
Streak  uncokmred. 

If  pyramidal  or  prisnatic;  H.hartnBrs>  = 
4andless.  If tessuhw,  H.  =  44».  Ifsingift 
perfect,  and  eminent  fines  otdeavMe;  sp.  g& 
=  2^4  and  less. 

H.  =  l*6tolMI.  Ifnnder2'4,s|i.gr.= 
2^4  and  less.  8^  gr.  s=  2*2  to  U.  If  24 
and  less,  H.  under  2*4(;    and  no  nmum 


Older  2i»   JB^tf^te- 

Notmetallie.  If adanantine  < 
metallic  lustre;  sp.gr.  =:  6L0  sad ' 
Streak  uncoloued,  or  oratige.7dlov.  U 
ecange-ydlow;  «p.  gr.  =:  8.0  and  OMse,  sad 
fl.  =Mandlaas. 

H.  s=2^tD54l.      IffM);  spbgr^odtf 
4«6. 

Sp.gr.  =8^to7*S.  Ifiii]dcr44>«dfi' 
=  6*0;  deaivage  diprismatic^ 

Order  S.     Kerate  (Heaiy). 

Kot  metallic.      Stnak    iiiiiiihiwid     N. 
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sifigk  eminent  olMTBge.     H.  =  1-0  to  SO. 
8p.  gr.  :=  6-6. 

Older  4.      MalaeMte, 

Not  metallic.  Gdour  blue,  green,  brown. 
If  brown  colour  of  streak ;  U.  =:  3-0  and 
kM ;  nnd  ep.  gr.  above  2-6.  If  uncokiured 
streak;  8p.gr.  =  9-2  and  lets;  and  H.  = 
8<0.  No  &gle  eminent  ftces  of  deavage. 
U.  s  2-0  to  6-0.  8p.  gr.  =  20  to  4*$. 
Order  A.     Mioa. 

If  metallic;  8p.  gr.  under  2>2.  If  not 
metallic ;  qi.  gr.  above  2*2.  If  jftellow  streak ; 
p^TamidaL  ^gle  eminent  cleavage.  H.  = 
l*0to4<&  If  above  2-5;  rbombobediaL  1^ 
gr.  =  1.8to5*6L  If  under  2-5;  metallic  If 
above  4*4 ;  streak  unooloured. 
Order  6.    Spar, 

Not  metallie.  Streak  uncolouzed,  brown. 
If  rhombohedial ;  sp.  gr.  2*2  and  leas,  or  H. 

H.  '=  8.6  to  7.  If  4*0  and  less;  sing^ 
eminent  cleavage.  If  above  6-0;  wp.  gr. 
tinder  2*6,  or  above  2-8 ;  and  pearly  fuatre. 
8p.  gr.  =  2*0  to  3*7*  If  above  3*8 ;  bemi- 
prismatie,  or  H«  =  6-0;  and  no  adamantine 
lustre.  If  9.4  and  leas ;  not  witbout  traces 
of  form  and  deavage. 

Orcfer7*    Gem. 

Not  metallie.  Strok  uncolonred.  H.  = 
5-A  to  10.  If  6-0  and  less ;  sp.  gr.  =  2-4  and 
leas ;  and  no  traces  of  form  and  deavage. 
Sp.  gr.  =  1-9  to  47.  If  under  3*8;  no  pearly 
lustre. 

Order  8.      Ore, 

If  metallic;  black.  If  notmelsllic;  ada- 
mantine, or  imperfect  metallic  lustre.  If  yd- 
low  or  red  atmak }  H.  se  3.6  and  nune ;  and 
sp.  gr.  =  4.8  and  more.  If  biown  or  bbck 
ttit&^  H.  =  6^  and  more,  or  perfectly 
prismatoidaL  U.  =x  2-6  to  7-0.  If  4-6  and 
Imi;  red,  yeDow,  or  black  streak.  If6-6and 
more  ;  and  streak  unodoured  |  sp.  gr.  =:  (U^ 
and  more.  8p.  gr.  s  3*4  to  7-4. 
Older  9-    MetaL 

Metdlie.  Notbliibk.   Ifgnj;  mallesble; 
«Dd  sp.  n^  s=  7-4  and  bok.    H.  sc  0^  to 
MamSBkMd.    8p.  gr.  =  6^  to 90^ 
Order  10.     P^riiei. 

HeldBe.  H.  3»6«o8-5.  If  441  and  leas  ; 
sp.  gr,  ipidfr  6^   8p.  gr.  =  4*1  to  7*7*    ^ 
6*3  and  less;  cdoqr  yeUow or  red. 
Order  il.    CrMace. 

Metallic.  OrayybbuOc.  H.  1-0  to  4-0. 8p. 
gr.  =r  4*0  to  7*8L  If  under  6*0,  and  single 
pcifect  deavage,  lQBd.fwy.  If  above  7^}  lead 

Older  12.  Bknde. 
IfnetaOie;  blade  If  not  metallic ;  ada. 
mantinelustre.  If  brown  streak ;  uncdionTed. 
Sp.  gr.  betwem  4*0taid4'9;  and  the  form, 
tessvdar.  If  red  streak ;  sp.  gr.  =  4'6  and 
more;  and  H.  =:  9-6  andless. 
H.  =  10,  40.  8p.gr.  =  3.9,8-2.  If  4.3 
't  led. 


Order  13.  Stt^thur. 
Not  metallic.  Odour  red,  yellow,  or  brown. 
Prismatic.    U.  =  1-0  to  2-6.  Sp.  gr.  =  1-9 
to  3*6.  If  above  2-1;  streak  ydbw,  or  ted. 
Class  III. 
If  fluid ;  Intuminous  odour.  If  sdid ;  insipid. 
8p.gr.  under  1-8. 

Order  1.    Besin. 
Fluid,  solid.    Streak  unodoured,  yeUow, 
brown,  black.     H.  =:  0-0  to  2*6.    8p.  gr.  :=: 
0-7  to  1-6.     If  1-2  and  more;   ttteik  unco- 
loured. 

Order  2.     CoaL 
Sdid.    Streak,  brown,  black.  H.  =:  01  to 
2«6»  8p.gr.  =  1-2  to  1-6. 


OSKEAA. 

Class  I.    Order  I.    Goi. 
Genera.  1.  Hydrogen.  2.  Atmospheric  air. 

Order  2l     Water. 
Genus,    1.  Atmospheric  water. 

Orders    jtcid. 
Genera^  1.  Osrbomc.  2.  Mnriatie.  3.  Snl- 
phuric.    4.  Boradc ;  and  6.  Anenic 
Order  4.    8aU. 
Genera.    1.  Natron-sdt.    2.  Olanber-sdt. 
a.  Nitre-sdt    4.  Rock-salt.     6.  Ammoniac 
salt.    &  Vitrid-adt;  comprising  as  species, 
the  snlphates  of  iron,  copper,  and  dnc.    7. 
Epsom-salt.    8.  Alum-sdt.    0.  Boraz-sdt. 
10.  BMythine-sdt(heavy.salt).   GUuberite. 
Class  II.     Older  1.     Maloide. 
Genera,    I.  Gypsuro-haloide.    9.  CiTone- 
haldde.  8.  Ahtm-Udda.    4.  FhMis.haIdde. 
6.Cdchaldde. 

Order  2.    Baryte. 
Genera.    1.  Parachsoacbaiyte  (altered  oo. 
low).    9.  Zlncbaryte.    8.  8cbedimisboiyte. 
4.  Hd-baryte.    6.  Lead-baiyte. 
Oid«3.    KeraU. 
Genera.    1.  Peail-I»atew 

Order  4.  liaku^iiu. 
Genera^  1.  StaphylJno-fflaladrite  (gmpe 
Kk^.  2.1jnooone4naladiite(fbrmunknown)u 
9.  Olive  Bulaofaite.  4.  Asuie-malaehite.  6. 
Emerald  mnlafW^  8.  Habroneme-raalacfaito 
(line  threaded). 

Order  6.    Mica. 
Genera,    1.  £iicldoi»4niea  (bright  green). 

2.  Antimony-mica.  3.  Cdbalt-mioa.  4.  Iron« 
mica.  &  Oraphitaonica.  6.  Tale-mica.  7. 
Pearl-nka. 

Order  6.  Spar. 
Ommra.  1.  Schfller-fpar.  2.  Disdime. 
spar.  8.  T^phanfrjpar.  4.  Dystome-spar 
(difficult  todeave).  6.  Koui^iOBe-spar  (light> 
8.  Petalin»4par.  7.  Felspw.  8.  Augite-spar. 
%  Azme-spar. 

Order  7*     Gem. 
Genera.     1.  Anddusite.     2.  Corundum. 

3.  Diamond.  4.  Topaz.  6.  Emerald.  6. 
Quartz.    7*  Azinite.    8.  Chrysdite.    9.  Bo- 
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ndte.    10.  Tooimaliiie-    11.  Ounet.    12. 
Ziiean.    13.    Gadolinite. 

Order  8.    Ore. 
Genera.     I.  Titanium-ore.     2.  ZincoEe. 
3.  Copper^re.  4.  Tin-ore.  5.  Scheelium.ore.  ' 
6.  Tantalum-ore.    7*  Uranium-ore.    8.  Ceri- 
um-ore.    9.  Chrome-ore.     10.  Iron-ore.    11. 
Maoganese-ore. 

Order  9.     Meial 
Genera,     1.  Aneoic*    2.  Tellurium.    3. 
Antimony.   4.  Bismuth.  5.  Mercury.  C.  Sil- 
ver.   7-  OokL     8.  Pl&tina.    9.  Iron..  10. 
Copper. 

Order  10.   PyrUe$, 
Genera,    1.  Nickd-pyrites.    2.  Arsenic- 
pytitet.    3.  Cobalt-pyrites.    4.  Iron-pyrites. 
6*  Copper-pyrites. 

Order  11.     Glance. 
Genera.  1.  Copper-glanoe.  2.  Silver-glance. 
3.  Lead-glance.     4.  Tellurium-glance.      5. 
Molybdeoa-glance.     8.  Bismuth-glance.    7* 
Antimooy-glanoe.   8.  Melane-glance  (black). 
Order  12.    Bknde. 
Genera^      1.  Glance-blende.     2.  Gamet- 
blende.    3.  Purple-blende.    4.  Ruby-blende. 
Order  la    Sulphur. 
1.  Sulphur. 

Class  III.    Order  1.    Betin. 
Genu*.  Mdichrone-resm  (honey-coloured). 

Order  2.    Coai. 
Genus.    Mineral-coBL 

Such  are  the  genera  of  Professor  Mobs.  I 
would  willingly  have  introduced  a  view  of  the 
species ;  but  his  symbols  of  their  crystalline 
structure,  and  forms,  would  require  a  detailed 
explanation,  inconsistent  with  the  limits  of 
this  work.  An  account  of  his  new  system  of 
crystallogrsphy  is  given  by  one  of  his  pupils 
in  the  Sd  toL  of  the  Edin.  PhiL  JoumaL 
But  the  Ptofessor  promises  soon  to  publish 
that  system  himself;  which,  if  we  may  judge 
from  the  luminous  exposition  of  the  charac- 
terigtie  of  hit  if  ATURAXs  UisTOaT  Ststev, 
recently  published,  will  be  a  ^^eat  acquisition 
V>  minendogical  sdenoe.  This  has  been  ably 
translated  into  English  by  M.  Haidinger, 
himself  an  excellent  mineralogist 

MINERAL  CAOUTCHOUC.    See  Ca- 

OUTCHOUC. 

MINERAL  CHARCOAL.    SeeCHAa- 

COAL  (MiKXRAL). 

MINERAL  OIL.    See  Petroleux. 

MINERAL  PITCH.    See  Bitumen. 

BIINERALIZER.  Metallic  substances 
are  ssid  to  be  mineralized  when  derived  of 
their  usual  properties  by  combination  wiUi 
tfime  other  substance. 

MINER'S  SAFETY  LAMP.  SeeLAMP. 

MINIUM.    Red  oxide  of  lead. 

MIRRORS.   See  Speculum;  also  SiL- 

TERING. 

MISPICKEL.    Arsenical  pyrites. 
MOCHA-STONE.    See  Aoatb. 


MOIREE  METALLIQUE.  Wlienwv 
pour  on  heated  tin-plate  a  mixture  of  2  par& 
of  the  nitric  add  of  commerce,  and  3  of  mu- 
riatic add  diluted  with  8  of  water,  we  obtain, 
after  washing,  a  beautiful  crystalline  nuifacc. 
in  plumose  forms,  which  was  first  observed  a 
few  years  ago  by  M.  Alard.  It  is  usuallv 
called  in  thi:»  country  crystallized  tin-plate; 
and,  when  varnished,  it  is  worked  into  <»il3' 
mental  vessels.  The  figures  vary,  accon^ng 
to  the  degree  of  best  previously  givea  to  thi. 
metaL 

MOLYBDATE  OF  LEAD.  See  Ores 
OP  Lead. 

MOLYBDENUM.  A  metal  wUch  has 
not  yet  been  reduced  into  masses  of  any  mag- 
nitude ;  but  has  been  obtained  only  in  szu^ 
separate  globules,  in  a  blackish  briUlant  mass. 
This  may  be  effected  by  making  ita  acid  into 
a  paste  with  oil,  bedding  it  in  charcoal  in  a 
crudble,  and  exposing  it  to  an  intense  heaL 
The  globules  are  gray,  brittle,  and  e&txemdy 
infusible.  By  heat  it  is  converted  into  a 
white  oxide,  which  rises  in  brilliant  needk. 
formed  flowers,  like  those  of  antimony.  Niuk 
acid  readily  oxidizes  and  addifies  she  metaL 
Nitre  detonates  with  it,  and  the  vemainiog 
alkali  combines  with  its  oxide. 

Molybdenum  unites  with  several  of  ibs 
metals,  and  forms  brittle  or  friable  com- 
pounds.  No  add  acts  on  it  but  the  nitric 
and  nitromuriatic.  Several  adds  act  on  its 
oxide,  and  affiird  blue  solutbns.    See  Acid 

(MOLYBDIC). 

The  sp.  gr.  of  molybdenum  is  8-811. 
Whendiy  moLybdateof  ammonia  is  igiuted 
in  a  crudble  with  charcoal  powda,  it  ia  con- 
verted into  the  brown  oxide  of  the  meCaL 
This  has  a  crystallized  appeaianoe,  a  copper- 
brown  colour,  and  a  sp.  gr.  of  5-66.  It  does 
not  form  salts  with  adds.  The  deutoxidc  is 
molybdous  add,  which  see. 

MONTMARTRITE.  Its  ooloiir  is  yd. 
lowish ;  it  occurs  massive,  but  never  crystal- 
lized. It  is  soft  It  eff^esoes  with  nitric 
add.  It  is  a  compound  of  83  sulphate  of 
lime,  and  17  carbonate  of  lime,  which  ia  found 
at  Montmartre,  near  Paris.  It  stands  the 
weather,  which  common  gypsum  does  not 

MOONSTONE.    A  variety  of  adularia. 

MOOIUCOAL.    Sec  Coal. 

MORASS-ORE.    Bog4Ton  ore. 

MORDANT.  In  dyeing,  the  aubstance 
combined  with  the  vegetable  or  animal  fibre, 
in  order  to  fix  the  dye-stuff.  It  also  usually 
modifies  the  colour.    See  Dtehto. 

MOROXYLATES.  Compounds  of  mo. 
roxylic  add  with  the  salifiable  bases. 

MOROXYLIC  ACID.  See  Acid  (Ho- 
aoxYLic). 

MOROXITE.  ApatUe  of  a  blue-green 
colour  from  Norway. 

MORPHIA.      A  new   vegetable  alkali. 
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extnctied  fnm  opiuoi,  of  which  it  conMitutes 
the  oaiootie  principle.  It  was  first  ohtained 
pure,  hy  M.  SertUmer,  about  the  year  I8I7. 

Two  somewhat  difiereDt  processes  for  pro* 
cnrioff  it  have  been  given  by  M.  Robiquet 
«Dd  M.  Chouhuit. 

According  to  Ae  fonner,  a  couoentiated  in. 
fusion  of  opium  is  to  be  boiled  with  a  small 
quantity  of  common  magnesia  for  a  quarter  of 
an  hour.  A  considerable  quantity  of  a  grayisli 
deposite  faOs.  This  is  to  be  washed  on  a  filter 
with  cold  water,  and  when  dry ,  acted  on  by  weak 
alcohol  for  some  ttane,  at  a  temperature  beneath 
ebullition.  In  this  way  very  little  morphia, 
but  a  great  quantity  of  cdouxing  matter,  is  se- 
puBted.  The  matter  is  then  to  be  drained  on 
a  filter,  washed  with  a  little  cold  alcohol,  and 
^^tamtAa  boiled  with  a  large  quantity  of 
highly  rectified  alcohoL  This  liquid  being  fil. 
tered  while  hot,  on  cooling  it  deposits  the  mor- 
phia hi  orystals,  and  very  little  coloured. 
The  solution  in  alcohol,  and  ciystaliiiatlon, 
bdng  repeated  two  or  three  times,  colourless 
morphia  is  obtained. 

The  theory  ofthisptooess  is  the  following  1 
Opium  contahM  a  meconiate  of  morphia.  The 
mitfnesia  combines  with  the  meconic  add, 
and  the  morphia  is  displaced. 

Choulant  directs  us  to  concentrate  a  dilute 
watery  infusion  of  opium,  and  leave  it  at  rest  till 
it  spontaneously  let  fiUl  its  sulphate  of  lunetn 
minute  crystals.  Evaporate  to  dryness;  re- 
diasolve  in  a  little  water,  and  throw  down  any 
remaining  lime  and  sidphuric  add,  by  the 
cautious  addition,  fint  of  oxalate  of  ammonia,  . 
and  then  of  muriate  ofbarytes.  Dilute  the 
liquid  with  a  large  body  of  water,  and  add 
caustic  ammonia  to  it,  as  long  as  any  pred- 
pitate  falls.  Dissolve  this  in  vinegar,  and 
throw  it  down  again  with  ammonia.  Digest 
00  6ae  precipitate  about  twice  its  wdght  of 
sulphuric  ether,  and  throw  the  whole  upon  a 
filter.  The  dry  powder  is  to  be  digested  three 
times  in  caustic  ammonia,  and  as  often  in  cdd 
alcohoL  The  remaining  powder  bdng  dis- 
solved in  twdve  ounces  of  boiling  aloohd,  and 
the  ^tered  hot  solution  being  set  aside  for  18 
hours,  dcpouts  colourless  transparent  crystals, 
consisting  of  double  pyramids.  By  concen- 
trating the  supernatant  alcoholic  solution, 
more  crystals  may  be  obtained. 

The  following  process  of  M.  Hottot  is  much 
commended. 

Opium  is  to  he  dissolved  in  so  much  water 
as  to  yidd  a  solution  of  a  specific  gravity  not 
higher  than  1-012.  A  smdl  quantity  of  am- 
monia is  then  to  be  added,  just  suf^dent  to 
predpitatethe  colouring  matter  of  the  solution. 
In  consequence  of  the  diluted  state  of  the 
liquor  this  readily  falls  to  the  bottom.  The 
dear  solution  is  then  removed,  and  more  am- 
monia added  to  it  to  predpitate  the  morphia. 
The  vegetable  alkali  separates,  and  falls  on 
standing,  as  a  crystalline  sediment,  containing 


verjr  little  oohNuhig  matter.  This  washed 
with  cold  water,  and  aftcrwaidf  treated  with 
alcohol,  sp.  gr.  0-840,  and  a  little  animal 
charcoal,  ^ves  by  the  first  operation,  a  mor- 
phia so  pure  as  to  require  no  further  solution 
m  alcohol,  or  union  with  sulphuric  add.  By 
this  process  a  considerable  Quantity  of  mor- 
idiia  may  be  obtained  in  24  nouis,  with  very 
little  waste  of  alcohol  The  only  point  to  be 
attended  to,  is  to  separate  carefully  the  fatty 
matter  i^iich  fidls  in  the  first  instance,  on  add- 
ing a  small  quantity  of  ammooia,  so  that  it 
may  not  be  ledissdlved  by  the  addhion  of  the 
fbrdier  quantity  of  ammonia  necessary  to 
duow  down  the  morphia. 

The  product  by  the  magnesia  process  was 
rardy  so  white  and  pure  as  that  of  the  abaie 
method ;  nor  was  the  quantity  so  great  «/oar- 
nal  de  Pharm-  x.  476. 

M.  Choulant  says,  it  crystalliies  in  double 
four-sided  pyramids,  whose  bases  are  squares 
or  rectangles.  Somethnes  in  prisms  with 
trapezoidal  bases. 

It  dissolves  in  82  times  its  weight  of  boiling 
water,  and  the  solution  on  cooUng  depodts 
regular,  colourless,  tran^wrent  crystals.  It  is 
soluble  in  36  times  its  weight  of  boiling  alco- 
hol, and  in  42  times  its  wdght  of  cdd  iQcohol, 
of  0-92.  It  dissolves  in  eight  times  its  wdght 
of  sn^huric  ether.  All  these  solutions  change 
the  infudon  of  brazil-wood  to  videt,  and  the 
tincture  of  rhubarb  to  brown.  Thesatonted 
alcoholic  and  ethereous  sohitions,  when  rub- 
bed on  the  skin,  leave  a  red  mark. 

Sulphate  of  morphia  crystallizes  in  prisms, 
which  dissolve  in  twice  their  weight  of  dis- 
tilled water.    They  are  composed  of 


Add, 
Morphia, 

Water, 

22 
40 
38 

5.00 
909 

100 

Nitrate  of  morphia  yields  needle-form  crys- 
tals in  stars,  which  are  soluble  in  1^  times 
their  wdght  of  distilled  water.    Its  consti- 

tuents are. 

Add, 
Morphia, 

Water, 

20 
36 
44 

6-75 
1215 

100 
Muriate  of  morphia  is  in  feather^haped 
crystals,  and  needles.    It  is  soluble  in  10^ 
tunes  its  wdght  of  distiUed  water.    Its  con. 
stitoenta  are, 

Add,  35      4-625 

MorphU,   41      5132 
Water,       24 

100 

The  acetate  crystallizes  in  needles ;  the  tar- 
trate in  prisms ;  and  the  carbonate  in  short 


Oxygen,      04017 

1-0000 
.  ftoai  ihetaatlfm  of  one  gndiH  by  ignited  po« 
oxids  of  oopptr.    He  imagiiMS  the  atom  to 
be  either  40^35,  or  20-126. 

MM.  Dmnae  and  PelletieK,  In  their  extent 
iIto  memov  on  orguiiccaliiUfale  baeee,  obeerve 
en  BMNrphia,  tlutt  Dr.  Tbomooo'e  lesolta 
■re  iiiftcted  by  eome  mMCuracy  nrooeedti» 
undoubtedly  from  the  analytical  meuod  which 
he  employed  $  f»  M.  Bussy,  of  the  school  of 
pkHmacy,  had  lately  published  a  well-eon- 
ducted  aoalysie  of  morphia,  in  which  he  found 
aiote»  a  tnindple  which  Dr.  Thomaon  had  not 
mii^oeed  to  exist  in  it.  M.  Busay  shows  also 
a  mndi  krger  proportion  of  carbon^  as  we 
may  pereelTe,  by  comparing  his  tesolts  with 
the  ptecedine. 

Carbon,  .  •  •  00*0 
Hydrogen,  •  •  6-5 
Azote,  ...  4*6 
Oxygen,       •     •    20*0 

100-0 
MM.  Dumas  and  Pdletier  made  the  ulti. 
mate  analysis  of  morphia  on  two  very  pure 
spedmeiiB  extracted  by  different  melhods.  The 
mean  of  dte  two  results,  which  differed  very 
little,  and  which  they  regard  as  very  exact» 
was. 

Carbon*  •  •  72-02 
Hydrogen,  -  7-61 
Azote,  •  -  5d3 
Oxygen,     .    .     1484 

100-00 
Ann,  de  Chinu  xxIt.  164. 
Mr.  Brande's  analysis  gives,  pB  the  mean  of 
three  experiments ; 

Csrbon,  .    78-00 

Hydrogen, .  .  6-50 
Azote,  -     •  5-50        ^ 

Oxygen,     .    •     17»00 

10000 
Journal  of  Science^  xvi.  284. 

The  near  coinddenoe  of  these  analytical  re- 
sults, places  the  errors  of  Dr.  Thomson's  In  a 
very  strong  light 

The  prime  emiivBlent  of  niov|^iia  seems  to 
be  about  40  by  JPelletier  and  Cavcntou,  which 
is  probably  more  exact  than  the  number  de- 
dudble  from  Ciioulant. 

Tincture  of  galls  b  said  to  be  a  good  test 
of  morphia  free  or  combined. 

Subaoetate  of  lead  throws  down  all  the  anl- 
mal  matters  with  which  acetate  of  morphia 
may  ooma  to  be  assoriatrd  in  the  stonuich, 
witliout  actuig  on  that  vegetable  salt    The 


red  coloar  which  nitric  acid  imparts  to  it  No 
morphia  is  found  in  the  blood  of  aninwis 
kmedwithit    Jnn.de  CMmk^xxf.lia, 

Morphia  acta  with  great  enogy  on  Aa  ani. 
mal  economy.  A  grain  and  ahalf  taken  at 
thtae  difoent  times,  piodneed  aach  Tklort 
•ymptoms  upon  three  young  men  of  17  yme 
of  age,  tiiat  Sertiimer  was  ahunxed  kaC*o  oon. 
seoueneea  should  have  proved  fiiUaL 

Morphia,  according  to  iudjaoovenr,  mciia 
In  a  gentle  heat;  and  in  that  slate  baa  way 
much  the  appeaande  of  mdted  aulphm;  On 
ooohag,  it  again  crystallixes.  It  buns  aaaOy  $ 
and  when  lotted  m  dose  Tcaads,  leavea  a 
aolid  reshxitts  black  matter,  haYiqg  a  peculiar 
smelL 

MORTAR  CEMENT.  A  miatuie  of 
lime  and  silioeooa  sind*  used  in  maaoary  ftr 
cementing  together  the  stones  apd  brides  of  a 
building.  The  most  predae  ideaa  whidi  we 
have  on  this  subject  were  giTcn  by  Sr  H. 
Daty  in  his  Agric  Chem.    See  Lams  and 

CSMXKT. 

MOSAIC  GOLD.    See  Adrum  Mvsi- 

▼UlC. 

MOTHER  OF  PEARL  ahdla  m  oon* 
posed  of  alternate  layoa  of  coagulated  albmaA 
and  carbonate  of  Bme,  in  the  praportkn,  by 
Mr.  Hatdiett,  of  24  of  the  Ibimcr  and  76  cf 
the  hater,  in  100  porta. 

MOTHER  WATBR.  WhcBaea.wala^ 
or  any  other  sdution  oontahmig  varioMS  aaha, 
Is  ev^Knated,  and  the  cryalaJa  taken  ant; 
there  always  remains  a  fluid  oontatnin^  deii- 

lescent  salts,  and  the  imporitiea,  Jf  pscaoit 

"  I  is  called  dw  mother  walar. 

MOULD.    See   Soix,  Masvms,    and 

AlTALTUe  (VSOXTJ«:.B> 

MOUNTAIN  BLOB.  Maladdte;  caw 
bonate  of  copper. 

MOUNTAIN  CORKandMOUNTAIN 
LEATHER.    See  AsmaaTirs* 

MOUNTAIN  aREEN. 
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per  green  i  a  carbonate  of  copfwr. 
MOUNTAIN  «r  ROCK  WOOD.    8ee 

AsBEBTUa. 

MOUNTAIN  SOAP.  Colour  pakbrown. 
ish-ldadc.    Masdve.     Dull.     Fiaetaia  tne 

earthy.  Opaque.  Streak  sfaininc.  Writes, 
but  does  not  soil.  Soft  SectSew  Basil? 
frangible.  Adheres  atrongly  to  the  tDogoe. 
Feds  very  greasy.  It  is  light,  bordering  ea 
ratlier  heavy.  It  occoxs  in  tn^  loda  In  tfar 
island  of  Sky,  It  is  used  in  cravwupsdnting. 
MOUNTAIN   TALLOW.     8oa  Ta^ 

X.OW. 

.    MUCILAGE. Anaqueouaaohitian of g«ak 
MUCUS.  This,  aoondfatt  to  Dr.  Boaiod^ 
it  one  of  the  primary  animaT  fluida^  peafectly 
distinct  from  gdatio. 
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The  subMetite  of  lead  does  doC  afiect  ge- 
lattn  ;  on  tbe  other  hand,  taiuiin»  which  is  a 
delicate  test  of  gelatin,  does  not  affect  mucus. 
Both  these  lei^ents,  however,  precipitate  albn. 
men;  hut  the  bicbJoride  of  mercury,  which 
will  hidicate  the  presence  of  albumen  dissolved 
in  aOOO  parts  <n  water,  precipitates  neither 
mucus  nor  geladn.  Thus  we  have  three  di- 
stinct and  delicate  teste  for  these  three  dif- 
ferent  principles. 

Gam  appears  to  vesemUe  mncns  in  its  pro- 
perties.  One  grain  of  gum-aiabic,  dissolved 
in  200  of  wata,  was  not  affected  by  bichloride 
of  mercury,  or  by  tannin,  but  was  hnme- 
diatehr  pfedpitated  by  subaoetate  of  lead. 

MUFFLE.  A  oxudl  earthen  oven,  made 
and  sold  by  the  crucible  manufacturers.  It 
is  to  be  fixed  in  a  furnace,  and  is  useful  for 
cupellation,  and  other  processes  which  demand 

MULLER'S  GLASS.    Hyalite. 
JVIURIACITB.    Gypsum. 
MURIATIC  ACID.   See  Acid  (Mu- 

RIATIC). 

.  MURICALCITB.    RhomUspar. 


MUSCLES  OF  ANIMAI£.  SeeFiBBix 
and  Flesh. 

MUSCOVY  GLASS.    Mica. 

MUSHROOMS.    See  Boletus. 

MUSSITE.    IHopside. 

MUST.  The  juice  of  gvapa,  oomposed  of 
water,  sugar,  jeily,  ^ten,  and  bitartrate  o€ 
potash.  Fiom  a  French  wine  pint  of  nuMt, 
the  Marquis  de  BuUicm  cxiaMStad  half  an 
ounce  of  sugai^  and  l.t6th  of  an  ouue  of 
tartar.  Proust  says,  the  muscadiOTgmpie  con- 
tains about  SO  per  cent.' of  a  peculiar  species 
of  sugars    By  fomentatioii  it  forms  wineu 

MYRICIN.  The  ingredient  of  wax  which 
remains  after  digestion  with  alcohol.  It  is 
insoluUe  likewise  in  water  and  ether;  but 
very  soluble  in  fixed  and  volatile  oils,  lis 
melting  point  is  about  130*.  Sp.  gr.  O-Ml 
Its  consistence  is  waxy* 

MYRRH.  A  gum  reahi,  which  consists, 
according  to  Bsaoonnot,  of 

Resin,  containing  some  vobidle  oil,  36*68 

Gum, 06*32 

10000 
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NACRITE.    See  Talcite. 

NADLESTEIN.    RutUe. 

NAILS,  consist  of  coagulated  albumen, 
with  a  little  phosphate  of  lime. 

NANKIN  DTE.  See  laoN,  towards  the 
end. 

NAPHTHA.    A  native  combustible  H. 

a  aid,  of  a  ydlowish-white  colour,  perfectly 
uid  and  shining.  It  fbels  greasy,  exhales  an 
agreeable  bitummoue  smeO,  and  has  a  specific 
gravity  of  about  0'7*  It  takes  fire  on  the  ap- 
proach of  flame,  afiMing  a  bright  white  light 
It  occurs  in  considerable  springs  on  the  shores 
of  Ae  Caspian  Sea,  in  Sicfly  and  Italy.  It  is 
used  instead  of  oil,  and  differs  from  the  petro- 
leum obtained  by  distining  coal  tar,  oiuy  by 
iis  greater  purity  and  lightnesB.  By  Dr.  Thom- 
son's reeent  analysis  of  a  specimen  of  naphtha 
firom  Perria,  whose  sp.  gr.  was  0'7d3,  and 
boilioff  point  320^  it  appears  to  be  composed 
of  carbcMi  83*2  +  hydrogen  14-6,  with  pmiaps 
a  little  azote. 

By  my  analysis,  naphtha,  specific  gravity 
0.667,  boiling  point  310<»  Fahr.,  contains  in 
100^  eaibon  83.04,  hydrogen  12.31,  oxygen 
4»66 ;  which  is  very  nearly 

Carbon,        22  atoms    16.5        82.5 

Hydrogen,    20   —         2.5        12.5 

Oxygen,  I    —         1.0  5.0 

It  is  therefore  resolvable  Into  20  atoms  of 

olcfiant  gas,  1  atom  carbonic  oxide  holding 

I    atom  of  cakbon  in  combination. -^ /'At/, 

Tranif  1822. 


NAPHTHALINE.  A  grajrish-whitc  sub- 
rtance  found  during  the  rectification  of  the 
petroleum  of  the  coal  gas  works,  incrusting 
the  pipes.  It  may  be  obtained  in  thin  white 
scales  of  a.  pearly  brightness,  by  slow  re- 
sublimation  in  glass  vessels.  Its  spec.  grav. 
is  1.048.  It  has  a  strong  odour  of  naphtha. 
It  is  bnoluble  in  water,  but  very  soluble  in 
edler,  and  moderately  so  in  alcohol  and  oils. 
In  water  heated  to  168o  Fahr.  it  fuses,  and 
remains  at  the  bottom  of  the  liquid,  but  when 
stirred  it  rises,  and  spreads  on  the  top  in  oily 
patches.  At  180<*  it  rises  spontaneously  from 
the  bottom  in  oily  looking  globules,  which, 
as  the  temperature  is  raised,  dissipate  in  the 
air,  undeTffoing  motions  similar  to  those  of 
camphor  Suiting  on  water.  Naphthaline  is, 
according  to  my  analysis,  a  solid  bicarbnrei 
of  hydrogen,  consisting  of 

Carbon,         2  atoms      1*5  92-9 

Hydrogen,     1    —        0125        71 

^PhiL  Trans.  18^  ^^^     ^^'^ 

NAPLES  YELLOW.  According  to 
Professor  Beckmann,  this  colour  is  wrepared 
by  calcining  lead  with  antimony  ana  potash 
in  a  reverberatory  furnace. 

NATRON.  Native  carbonate  of  soda,  of 
which  there  are  two  kinds,  the  common  and 
radiated.    See  Soda. 

NATROLITE.  A  sub-species  of  prisma- 
tic  zeolite  or  nieaotype.  Colour  yellowish. 
Massive,  in  plates  and  roniform.     Sdkk>w 


becomes  nnt  black,  uien  reO)  mtumeBces,  ana 
mdts  into  a  white  compact  glass.  Its  oon- 
stituents  are,  silica  48.0,  alumina  24.25, 
natron  16.6,  oxide  of  iron  1.75,  and  water 
9.  It  occurs  in  chalkstone  poiphyiy  in 
Wurtembci!g  and  Bohemia,  and  in  the  tnp- 
.  tuff  hill  named  the  Bin,  behind  Bumtislaad, 
in  Scotland. 

NECROMITE.  A  mineral  found  near 
Baltimore,  in  small  masses,  of  a  white  colour, 
in  limestone.  It  possesses  a  disagreeable 
odour. 

NEEDLE  ORE.  Adcolar  bismuth 
glance. 

NEEDLE  ZEOLITE.  Colour  grayish- 
white.  Massive ;  in  distinct  concretions ;  and 
crystaUiied  in  acicuUur  rectangular  four-sided 
prisms,  Tarionsly  acuminated  and  truncated. 
The  lateral  planes  are  longitudinally  streaked. 
Glistening,  inclining  to  pearly.  Cleavage 
twofold,  in  the  direction  of  the  lateral  plane 
of  the  prism.  Translucent  Refracts  double. 
As  hanl  as  apatite.  Brittle.  S^ec.  grav.  2.3* 
It  intumesces  before  the  blowpipe,  and  forms 
a  jelly  with  acids.  It  becomes  electric  by 
heating,  and  retains  this  property  some  time 
after  it  has  cooled.  The  free  extremity  of  the 
crystal,  with  the  acumination,  shows  positive, 
and  the  attached  end  negative  electricity.  Its 
constituents  are,  silica  50.24,  alumina  29.3, 
lime  9.46,  water  10.  It  occurs  in  secondary 
trap  roclu  near  the  village  of  Old  Kilpatridi 
in  Scotland. 

NEPHELINE.  Rhomboidal  felspar. 
Colour  white.  Massive  and  crystallized.  The 
primitive  form  is  a  dirhomboid  of  152^  44', 
and  560  Id'.  The  secondary  forms  are,  a 
perfect  equiangular  six-sided  prism ;  the  same 
truncated  on  the  terminal  edges ;  and  a  thick 
six-sided  table,  with  the  lateral  edges  all  trun- 
cated. The  crystals  form  druses.  Lustre 
splendent,  vitreous.  Ckavage  fourfold.  Frac- 
ture conchoidal.  Translucent  and  transparent 
As  hard  as  felspar.  Spec.  grav.  2.6  to  2.7- 
It  melts  with  diificulty  before  the  blowpipe. 
Its  constituents  are  silica  46,  alumina  49, 
Uuie  2,  oxide  of  iron  1.  It  occurs  in  drusy 
cavities,  along  with  ceylanite,  vesuvian,  and 
meionite,  at  Monte  Sonima,  near  Naples,  in 
drusy  cavities,  in  granular  limestone. 

NEPHRITE.  Of  which  mineral  there 
are  two  kinds;  coniir.on  nephrite  and  axc- 
stonc. 

Common  twpfirite.  Colour  leek -green. 
Massive  and  in  rolled  pieces.  Dull.  Frac- 
ture coarse  splintery.  Translucent  Nearly 
as  hard  as  rock-crystal.  Difficultly  frangible 
Feels  rather  greasy.  Rather  brittle.  Spec, 
grav.  3.  It  melts  before  the  blowpipe  into 
a  white  enameL  Its  constituents  are,  silica 
50.5,  magnesia  31,  alumina  10,  iron  5.5, 
chrome  0.05,  water  2.75.     Nephrite  occurs  in 


ana  £gypt  rne  aoutn  Amencan  wBnttf  is 
called  Amazon  stone,  from  its  localitj*  See 
Axe  Stohe. 

NERIUM  TINCTORIUM.  A  tree 
growing  in  Hin^wtan,  which,  accoidi^g  to 
Dr.  Roxburgh,  affinds  indigo. 

NEUTRALIZATION.  When  add  wd 
alkaline  matter  are  combined  in  0udi  prapa^ 
tions  Aat  the  compound  does  not  dttnge  the 
odour  of  litmus  or  violets,  they  are  said  to  be 
neutralised. 

NICKEL  is  a  metal  of  great  baidnen,  of 
an  uniform  tezturei  and  of  a  colour  between 
silver  and  tin ;  very  difficult  to  be  ponied^ 
and  magneticaL  It  even  acquires  polarity  by 
the  touch.  It  ia  malleable,  both  eoU  and 
red-hot;  and  is  scarcely  more  IhsiUe  thn 
manganese^  Its  oxides,  when  pure,  tn  le- 
ducible  by  a  sufficient  heat  without  oombnsti. 
b)e  matter;  end  it  is  little  more  tamished  bj 
heating  in  contact  with  air,  than  platina,  gold, 
and  silver.  Its  spec  grav.  when  cast,  is  8.279; 
when  forged,  a666. 

Nickel  is  commonly  obtained  from  in  lal- 
phuret,  the  kupfexnickel  of  the  Gennans,  in 
which  it  is  gonerally  mixed  also  with  aacmc^ 
iron,  and  cobalt  This  is  first  mastea,  ta 
drive  off  the  sulphur  and  arsenic,  tiben  mbed 
with  two  parts  of  black  flux,  put  into  a  aa- 
cible,  oovexed  with  muriate  of  soda,  and  heated 
in  a  forge  fttmaoe.  The  metal  thua  obtained, 
which  is  still  very  impure,  must  be  diandfcd 
in  dilute  nitric  add,  and  then  erapoBatcd  t» 
dryness;  and  after  this  process  has  been  »- 
peated  three  or  four  times,  the  residnvm  must 
be  dissolved  in  a  solution  of  ammonia,  per- 
fectly firee  from  carbonic  add.  Being  ^ain 
evaporated  to  diyness,  it  is  now  to  be  veD 
mixed  with  two  or  three  parts  of  black  flux, 
and  exposed  to  a  violent  beat  in  a  cnicible  for 
half  an  hour  or  more. 

According  to  Riditer,  the  oxide  ia  more 
easily  reductti,  by  moistening  with  a  little  ofl. 
Thenard  advises  to  pour  chloride  of  Ume  on 
the  oxide  of  nickel,  and  shake  them  well  toge- 
ther, before  the  ammonia  is  added ;  as  thus 
the  oxides  of  cobalt  and  iron,  if  present,  win 
be  80  much  saturated  with  oxygen  as  to  be  in- 
soluble iu  the  anunonia,  and  consequently  may 
be  SL'parated. 

M,  Chenevix  observed^  that  a  very  small 
portion  of  arsenic  prevents  nickel  fitQm  beiqg. 
affected  by  the  magnet  Richter  foond  tiie 
same.  \Vlien  it  is  not  attractible,  therefoR* 
we  may  be  pretty  certain  that  thi^  ia  present 
To  separate  tlie  arsenic,  31.  Qienevix  boHcd 
the  compound  in  nitric  add,  tUl  the  nickel 
was  converted  info  an  arseniate ;  decomposed 
this  by  nitrate  of  lead,  and  evaporated  the 
liquor,  noc  quite  to  dryness.  He  then  poared 
in  alcohol,  which  dissolved  only  the  nitisie 
of  nickel     The  alcohol  being  decanted  and 


be  pertecUy  magnetic ;  but  tnu  property  was 
destroyed  again,  by  alloying  the  metal  with  a 
small  portion  of  arsenic.  Alloying  it  with 
copper  weakens  this  property. 

Nickel  and  cobalt  being  usually  associated, 
it  becomes  an  important  problem  to  separate 
them.    See  Cobalt,  et  infra* 

There  are  two  oxides  of  nickel ;  the  dark 
aah-gray,  and  the  black.  If  potash  be  added 
to  the  solution  of  the  nitrate  or  sulphate,  and 
the  precipitate  dried,  we  obtain  the  protoxide. 
It  may  be  regarded  as  a  compound  of  about 
100  metal  wiui  28  of  oxygen ;  and  the  prime 
equivalent  of  the  metal  wiU  become  3.6,  whfle 
that  of  the  protoxide  wiQ  be  4.6.  The  per. 
oxide  was  formed  by  Thenard,  by  passing 
chloiiiie  through  the  protoxide  difiiised  in 
water.  A  Uad^  insoluble  peroxide  remahis 
at  the  bottom. 

The  compounds  of  nickel  have  been  made 
the  subject  of  experiment  by  M.  Lassaigne. 

ProUixide  of  nickeL  A  gi^en  weight  of 
pure  nickel  was  dissolved  in  pure  nitric  acid, 
evaporated  to  dryness,  and  decomposed  by 
heat.  It  was  of  a  gray  colour,  soluble  in 
aeida,  precipitated  by  alkalis,  as  a  hydrate,  &c 
Composition, 

Nickel,         ...        100 
Oxygen,       ...  20 

Deutojcide  of  nickeL  Obtained  by  difiusing 
hydrate  of  nickel  in  water,  and  passing  a  cur. 
rent  of  chlorine  through  it  One  part  is  dis- 
solved, and  the  other  becomes  peroxide.  It  is 
of  a  ImDiant  black  colour;  heated,  it  loses 
oxygen,  and  becomes  protoxide.  Acids  dis- 
solve it,  liberating  oxygen,  except  muriatic, 
which  disengages  chlorine.  Its  composition, 
ascertained  by  its  loss  of  weight  when  heated, 
ai^>eared  to  be 

Nickel,         ...        100 
Oxygen,        .  .  39*44; 

whence  the  prime  equivalent  of  nickel  seems 
to  be  5,  on  ttie  oxygen  scale. 

Sviphuret  of  nickel^  prepared  directly  from 
its  elonents,  is  of  a  yellow  colour,  like  iron 
pyrites,  and  very  brittle.     It  was  analyzed  by 
calcination  with  nitre.    Composition, 
Nickel,         ...         100 
Sulphur,       .         .         .  41-3 

Chloride  of  nickel^  prepared  by  evaporating 
the  muriate  to  dryness.  It  is  of  a  yellow- 
green  colour,  and  is  a  protochloride.  Com- 
position^ 

Nickel,         ...         100 
Chlorine,      ...  90  * 

When  the  above  chloride  is  calcined  in  a 
retort,  one  portion  of  an  olive-green  colour 
remains  in  the  bottom  of  the  vessel,  while 
another  sublimes,  and  crystallizes  in  small 
luht  brilliant  plates  of  a  gold-yclIow  a^lour. 
These  arc  the  deutochloridc,  consisting  of 


fusible ;  scduble  m  water,  colouring  it  of  a 
li(^t  green;  and  composed  of 

Nickel,         ...        100 
lodme,         .        •        .        320 
— ^fin.  de  Chimie,  xxi.  255. 

M.  Berthier  has  given  the  fbUowing  as  an 
economical  way  of  preparing  pure  nickeL 
Speiss,  or  the  impure  mckd  of  commerce,  is 
to  be  reduced  into  fine  powder,  and  roasted 
until  it  gives  off  no  farther  vapours  of  arsenic, 
the  heat  being  at  first  moderate,  to  prevent 
fusion,  and  then  increased.  Metallic  iron  in 
the  state  of  filings,  or  nails,  is  to  be  added  in 
a  quantity  which  ought  to  be  previously  deter- 
mined, and  the  whole  dissolved  in  boiling 
nitro-muriatic  acid,  to  much  nitric  acid  being 
used  that  no  protoxide  of  iron  shall  remain  in 
the  solutum;  evaporate  to  dryness,  and  re- 
dissolve  in  water,  when  a  large  quantity  of 
arseniate  of  iron  will  be  left  Add  to  the 
solutions  successive  portioos  of  carbonate  of 
soda,  until  fl^greeniah  precipitate  appears,  at 
whidi  time  aU  the  arsenic  and  iron  will  be 
separated,  and  part  of  the  copper ;  the  rest  of 
the  copper  may  be  separated  by  sulphuretted 
hydrogen,  and  the  dear  solutkm  thus  obtained, 
when  boiled  ^ith  carbonate  of  soda,  yidds 
the  carbonate  of  nickd. 

T|^us  obtained,  the  carbonate  of  nickd  oon- 
tains  a  little  cobalt.  To  separate  the  latter, 
the  predpitate  as  obtained  above,  hi  boiling 
with  carbonate  of  soda,  is  to  be  well  washed 
and  difiused  while  moist  in  water,  and  a  cur- 
rent  of  chlorine  in  excess  passed  into  it.  The 
excess  of  chlorine  is  to  be  allowed  to  dissi- 
pate, and  the  solution  is  to  be  filtered.  It 
now  contains  not  the  smallest  trace  of  cobalt, 
which  metal  remains  as  a  hydrated  peroxide 
with  a  certain  portion  of  nickd  in  the  same 
state. — Atm.  de  Chimie^  xxv.  95. 

A  compound,  resembling  meteoric  iron,  has 
been  made,  by  fusing  together  about  5  or  10 
parts  of  nickd  with  95  or  90  of  iron.  The 
meteoric  iron  ftom  Bafiin's  Bay  contains  3 
per  cent,  of  nickd,  the  Siberian  contains  10 
per  cent,  by  Mr.  Children*s  analysis.— &« 
f/oumal  of  Science^  vol.  ix. 

The  salts  of  nickd  possess  the  following 
general  characters.  They  have  usually  a  green 
colour,  and  yield  a  white  predpitate  with  ferro- 
prussiate  of  potash.  Ammonia  dissolves  the 
oxide  of  nickd.  Sulphuretted  hydrogen  and 
infusion  of  galls  occasion  no  predpitate.  The 
hydrosulphuret  of  potash  throws  down  a  black 
precipitate.  Their  composition  has  been  very 
imperfectiy  ascertained. 

The  sulphuric  and  muriatic  adds  have  little 
action  upon  nickd.  The  nitric  and  nitro- 
muriatic  are  its  most  appropriate  solvents. 
The  nitric  $;olution  is  of  a  fine  grass-green  co- 
lour.   Carbonate  of  potash  throws  down  fhmi 


DiadasD-gmy,  oateiy  mciiiMng  to  gjxen^  ana 
weighing  only  1.2^  By  condnuing  the  fixe 
it  is  reduced. 

When  ammoiiiA  i«  added  in  ezcesa  to  a 
nitric  solution  of  nickel,  a  blue  piedpltate  ia 
fofmed,  whkh  changes  to  »  pucplMced  is  a 
few  hours,  and  is  eoBvceted  to  an  apple-gnsn 
by  an  acid.  l£  the  precipitate  retain  its  blue 
colour,  copper  is  present.    See  Salt. 

NICOTIN*  A  pecttlinprhKipltf  obtained 
by  Vauquelin  from  tobacco.  It  is  ooloutksa, 
and  has  the  peculiar  taste  and  smell  of  the 
pbou  It  dissolves  both  in  water  and  aleohd; 
is  volatile,  poisonous^  and  piedpitable  fsom 
its  Bolutions  by  tinctuve  «f  gt^-^Ann.  de 
Chimie^  torn.  Izzi 

NI6RIN£.    Ab  on  of  titanium. 

NIHIL  ALBUM.  A  name  formerly 
given  to  the  flowem  or  white  oxide  of  zinc 

NITRATE&  Compounds  of  nitxic  add 
with  the  salifiable  ba^c^ 

NITRE.  The  comnaon  namt  of  the  m* 
tnte  of  potash.     See  Acid  (Nitblc). 

NITROGEN,  or  AZOTX  in  important 
efemeatary  or  undeoomposed  principle.  As  il 
constitutes  four-fifths  of  the  volume  of  atmo* 
spheric  aiz,  the  readiest  mode  of  procuring 
azote  is  to  abstract  its  oxyipaooa  associate,  by 
the  ootabustton  of  phosphorus  or  hydKwen. 
It  may  also  be  obtained  from  aumal  matleis, 
subjected  in  a  glass  retort  to  the  action  of 
nitric  add,  diluted  with  6  ar  10  times  ite 
weight  of  water. 

Asote  possesses  all  the  physical  piopertiea 
of  air.  It  extinguishes  flame  and  animal  life. 
It  is  absorbable  by  about  100  volumes  of  w». 
ter.  Its  specific  gravity  is  0.9722.  100  cubic 
inches  weigh  29.65  ^praina.  It  has  neither 
taste  nor  smelL 

Quantities  of  azote  inapfncedably  minute 
by  other  tests  may  be  detected  in  the  following 
way. 

rut  a  small  piece  of  dean  zmc  foil  into  a 
l^ass  tube  sealed  at  one  end,  and  about  one- 
fourth  of  an  inch  in  diameter ;  drop  a  piece  of 
potash  into  the  tube  over  the  zinc ;  introduce 
a  slip  of  turmeric  paper  slightly  moistened  at 
the  extremi^  with  pure  water,  retaining  it  in 
the  tube  in  such  a  position  that  the  wetted 
portion  may  be  about  two  inches  from  the 
potash ;  then,  holding  the  tube  in  an  inclined 
position,  ap^y  the  flame  of  a  s^Hrit  lamp,  so 
as  to  mdt  the  potash  that  it  may  run  down 
iqpoo  the  zinc,  and  heat  the  two  whilst  in 
contact,  taking  care  not  to  cause  such  ebulli- 
tion as  to  drive  up  the  potash.  In  a  second  or 
two  the  turmeric  paper  will  be  reddened  at  the 
moistened  extremity,  provided  that  part  of  the 
tube  has  not  been  hntecL  On  removing  the 
turmeric  paper  and  laying  the  reddened  portion 
upon  the  hot  part  of  the  tube,  the  original 


acteace^  xix.  17. 

If  sea-sand  afisr  ignitaon  be  handled,  it  will 
acquire  an  azotic  impr^poation  from  the  skin, 
sumdent  to  3^eld  ammonia  by  turmeric  paper 
when  heated  in  a  glass  tube ;  which  the  sad 
itself  would  not  do.— J&tJ. 

It  unites  with  oxygen  in  four  proportions, 
forming  four  important  fomponnds.  These 
ave, 

1.  Protoxide  of  azote,  or  nitrons  oxide. 

2.  Deutoxide  of  azote,  nitrous  gas,  or  nitric 
oxide. 

3.  Nitrous  add. 

4.  Nitric  add. 

1.  Nitrout  oxide  €ft  protoxide  ofaaoU^  was 
discovered  by  Dr.  Priestly  in  1772r  but  waa 
first  accurately  investigaCed  by  Sir  H.  Davy 
in  1799.  The  best  mode  of  procuring  it,  is 
to  expose  the  salt  called  nitrate  of  *^"HTTr*t 
to  the  flame  of  an  Argsnd  lamp,  in  a  g^ass 
retort.  When  the  temperatore  readies  400* 
F.  a  whitish  doud  wlQ  begin  to  project  itsdf 
into  the  neck  of  the  retort,  accompanied  by 
the  copious  evolution  of  gas,  whidi  most  be 
collected  over  mercury  for  accurate  xeseardies, 
but  for  common,  experiments  may  be  reodved 
over  water.  It  has  all  the  physical  propertiM 
ci  air.  It  has  a  sweet  taste,  a  faint  agreeable 
odour,  and  is  condensable  by  about  ite  own 
volume  of  water,  previoudy  deprived  of  its 
atmospheric  air.  Thia  pmpcrty  enables  us  to 
determine  the  purity  oif  nitrous  oxides.  A 
taper  plunged  into  this  gas  bums  with  great 
bnlliancy ;  the  flame  bdng  surrounded  with  a 
bluish  Inlo.  But  phosphorus  may  be  melted 
and  sublimed  in  it,  without  talcing  fire.  When 
this  combustible  is  introduced  into  it,  in  a  state 
of  vivid  combustion,  the  brilliancy  of  the  flame 
is  greatly  increased.  Sulphur  and  most  other 
combustible  bodies  require  a  higher  degree  of 
h^  for  their  combustion  in  it,  than  in  dther 
oxygen  or  common  air.  Thismaybeattrlbated 
to  the  counteracting  affinity  of  the  intimatdy 
combined  azote.  Its  sp.  gmv.  is  1.5277.  100 
cubic  inches  weigh  46.6  gr.  It  is  ropirabfe, 
but  not  fitted  to  support  lift.  Sir  j^  Davy 
first  showed,  that  by  breathing  a  few  quarts 
of  it,  contained  in  a  silk  bag,  for  two  or  three 
minutes,  effects  analogous  to  those  occadoned 
by  drinldng  fermented  liquon  were  prodaced. 
Individual^  who  difi^  in  temperament,  are, 
however,  as  we  might  expect,  difl3ercntly 
aflTected. 

Sur  H.  Davy  describes  the  effect  it  had 
upon  bun  as  follows : — ''  Having  pieviously 
closed  my  nostrils,  and  exhausted  my  hu^s, 
I  breathed  four  quarto  of  nitrous  oxide  fttun 
and  into  a  silk  bag.  The  first  fodings  were 
similar  to  those  produced  in  the  last  caqseri- 
ment,  (giddiness);  but  in  less  than  half  a 
minute  the  respiration  being  oantinued,  tbcy 
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diminfahril  gtadnaJly,  and  wtfe  succeeded  br 
a  jcnsation  ttialogous  to  gentle  premure  on  au 
the  musdes,  attended  by  an  bignly  pleaflurable 
tfarilliiig,  particularly  in  the  ch«t  and  die 
extremities.  The  objects  ftrotmd  me  became 
dazzUnff,  and  my  bearing  moire  acute.  To* 
wards  the  last  inspiration  the  thrilling  increaied, 
the  sense  of  muscular  power  became  greates, 
and  at  last  an  irresistible  propensity  to  action 
was  indulged  io.  I  reo^ect  Imt  indistinctly 
what  fbUowcd :  I  know  that  my  motions  were 
Tarious  and  violent. 

^  These  Sffects  very  soon  ccMsd  after  refpi- 
ntkm.  In  ten  ndnutcs  1  had  recovered  my 
Datnal  state  of  mind.  The  thrilling  in  the 
sKtsemitiet  eontiniied  longer  than  the  other 


*«  The  gas  bss  been  breathed  by  a  very 
great  number  of  persons,  and  ahnost  every  one 
has  observed  the  same  things.  On  some  few, 
hideed,  it  has  no  effect  whatever,  and  on  others 
the  effibcts  are  always  painfoL 

^  Mr.  J.  W*  Tobin  (after  the  first  hnperfect 
trials),  when  the  air  was  pure,  experienced 
some&ies  sublime  emotions  with  tnmqufl 
gestnies,  sometitnes  violeot  musoilar  action, 
with  sensations  indescribably  exquisite;  no 
•nbseqnc&t  debillty-^no  exhaustion ;  his  trials 
have  been  Teiy  numerous.  Of  hite  he  has 
only  felt  sedate  pleasure.  In  8ir  H.  Davy 
the  effect  is  not  diminished. 

'^  Mr.  James  Thomson.  Invohmtary  laugh- 
tsr,  thrilling  in  his  toes  and  fingers,  exqui^ts 
sonatians  of  pleasure.  A  pain  in  the  back 
and  knees,  ocoaskmed  by  fioigue  the  day  bo- 
fore,  recuned  a  fiow  minutes  afterwards.  A 
nmuar  observation,  we  think,  we  have  mads 
oo  others ;  and  we  impute  it  to  the  undoubted 
power  of  the  gas  to  increase  the  sensibility  or 
nervous  power,  beyond  any  other  agent,  and 
probably  in  a  peculiar  manner. 

*^  Mr.  Thomas  Pople.  At  first  unpleasant 
fadings  of  tension;  aherwsrds  agreeable  Inx- 
mious  languor,  with  suiipension  of  muscular 
power ;  lastly,  powers  increased  both  of  body 
and  mind. 

*'  Mr.  Stephen  Hanmiick,  surgeon  of  the 
Royal  Hospital,  Plymouth.  In  a  small  dose, 
yawnfaig  and  languor.  It  should  be  observed 
that  the  first  sensation  has  often  been  disa* 
greeable,  as  giddiness;  and  a  few  persons, 
previously  apprehensive,  have  left  off'inlialing 
as  soon  as  they  felt  this.  Two  larger  doses 
produced  a  glow,  unrestiainable  teiMency  to 
muscular  acSsn,  high  spirits,  and  more  vivid 
ideas.  A  bog  of  common  air  was  first  given 
to  Mxb  Hammick,  and  he  observed  that  it  pro- 
duced no  eflfect.  The  same  precaution  against 
the  delusions  of  imagination  was  of  course 
frequenUy  taken. 

*^  Mr.  Robert  Southey  could  not  distinguish 
between  the  first  effects  teoA  an  appr^nsion 
of  whi9h  he  was  unaUe  to  divest  himsel£ 
His  first  definite  sensations  were,  a  fblness 
sod  diumsss  in  the  head,  such  as  to  induce 


a  fear  of  fidUng.  This  wte  succeeded  bv  a 
laugh  which  was  involuntaiy,  but  higldy 
pleasuxahle,  accompanied  with  a  peculiar 
thrilling  in  the  extremities ;  a  sensation  per- 
fectiy  new  and  deUghtfiiL  For  many  hoars 
after  this  experiment,  he  imagined  that  his 
taste  and  smdl  were  more  acute,  and  is  certain 
diet  he  felt  unusually  strong  'and  cheerful. 
In  a  second  experiment  he  felt  pleasure  stiU 
superior,  and  hss  since  poetically  remarked, 
that  he  supposes  the  atmosphere  of  the  highest 
of  all  possible  heavens  to  be  composed  of  this 
gas. 

««  Robert  Kii^Ukke,  M.  0.  Additional 
freedom  and  power  of  respiration,  succeeded 
by  an  almost  delirions,  but  highly  pleasurable 
sensation  in  the  head,  which  becune  univMsal 
with  increased  tone  of  the  musdes.  At  last, 
an  intoxicating  placidity  absorbed  fer  five 
mhnttcs  all  voluntary  power,  and  left  a  cheer- 
fulness and  alacrity  for  Several  hours.  A 
second  stronger  dose  produced  a  perfect  trance 
for  about  a  mhiute ;  tiien  a  glow  pervaded  the 
system.  The  permanent  e&cts  were  an  in. 
vigorated  feeling  of  vital  power,  and  improved 
8i%its.  By  boUi  trials,  particnlarly  by  tiie 
former,  old  rheumatic  fedings  seemed  to  be 
revived  for  the  moment. 

*^  Mr.  Wedgewood  breathed  atmospheric  air 
first,  without  utowing  it  was  so*  Hededared 
it  ID  have  no  effiNst,  which  oonficmed  him  in 
his  disbelief  of  the  power  of  the  gas.  After 
bfoathing  this  some  time,  however,  be  threw  tiK 
bag  from  him,  kept  breatiiing  6n  laboriously 
widi  an  open  mouth,  hdding  his  nose  with 
his  left  hand,  without  power  to  take  it  away, 
thou^  aware  of  the  Indicrousness  o£  his  dtu- 
atioo!  aU  his  musdes  seemed  to  be  thrown  into 
vibrating  motions ;  he  had  a  violent  indinatiflii 
ttf  make  antic  gestures,  seemed  lighter  than 
the  atmosphere,  and  as  if  about  to  mount. 
Before  the  experiment,  ho  was  a  good  deal 
fetigued  after  a  long  ride,  of  which  he  perma- 
nentiy  lost  all  sense.  In  a  second  experiment, 
nearly  the  same  effect,  but  with  less  pleasure. 
In  a  third,  mudi  greater  pleasure.  "-—jBm.  am 
IfU.  Ox, 

I  have  often  verified  these  pleasnrable 
Tbe< 


effects,  on  mysdf  and  my  pupils.    

of  failure,  in  most  cases,  I  believe  to  be  impure 
gas,  a  narrow  tube  or  stop-oock,  or  precipitate 
breathing,  firom  fear.  If  a  littie  sulphate  or 
muriate  be  mixed  with  the  nitrate  of  ammonia, 
it  win  not  yield  an  intoxicating  gas.  I  use  a 
pretty  wide  glass  tube,  fixed  to  the  mouth  of 
a  large  bladder. 

I  find  tiuu  mice,  introduced  inUy  a  jar  con. 
taining  nitrous  oxide,  die  almost  instantly; 
while  in  acote.  hydrogen,  and  carbonic  acfcd, 
they  strugg^  fdr  a  littie  while. 

This  gaseous  compound  may  be  analysed 
bv  the  combustion  of  hydrogen,  carbon,  or 
phosphorus  in  it  If  we  mix  100  volumes  of 
nitrous  oxide  with  100  of  hydrogen ;  and  deto.> 
nate  the  mixture  in  an  explosive  eudiometer, 
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noting  win  lemain  bnt  100  measans  of  azote. 
Hence  50  measutes  of  oxygen,  the  equivakiU 
quantity  of  100  of  hjdiim,  must  have  ex. 
iated  in  the  oxide.  It  therefore  oonaists  of 
100  measures  of  aaole  +  60  of  oxygen,  con- 
densed by  reciprocal  adzaction  into  only  100 


Hence,  if  we  take  the  mean  weight  of  airalame 
of  each  gas,  we  shall  have  that  of  the  gaaeooi 
compound;  or,  ito  sp.  gr. 

Sum.       Hf.  sum*  onp^  gr. 


Now  100  Tid.  of  azote  weigh  a9722 

50         of  oxygen,      ^      = 


1.5277 


Una  aynthetk  sum  exactly  coincides  with 
the  nedfic  gravity  of  the  compound.  It  is 
thererore  composed  by  weight  of  one  prime 
equivaleot  of  azote,  =  1.75    03.64 

one  of  oxygen,  =1.00    36.36 

2.75  100.00 
The  wdttht  of  the  compound  prime  is  the 
same  with  tliat  of  carbonic  acid. 

Iron  wire  bums  with  brilliancy  m  the  above 
gas,  but  it  is  soon  extbguished. 

2.  Deutoxide  of  azote,  at  nitric  oxide^  was 
first  described  by  Dr.  Priestley  in  1772.  Into 
a  glass  retort,  containing  copper  turnings,  pour 
nitric  add  diluted  with  six  or  dght  times  its 
quantity  of  water,  and  apply  a  gentle  heat  A 
gas  comes  over,  which  may  be  collected  over 
water;  but  for  exact  experiments,  it  should  be 
reodved  over  mercury.  Its  sp.  gr.  is  i>0416. 
loo  cubic  inches  wdgh  36-77  grains.  Water 
condenses  only  about  ^  of  its  volume  of  nitric 
oxide.  But  a  solution  of  protosulphate  or 
protomniiate  of  iron  absorbs  it  verv  coiHously, 
forming  a  dark  coloured  liquid,  wfiich  is  used 
for  oo^emdng  oxygen,  in  the  eudiometer  of 
Sir  H.  DavT. 

Mlien  a  jar  of  nitric  oxide  is  opened  in  the 
atmosphere,  red  fumes  appear  in  consequence 
of  the  abeofption  of  oxygen,  and  formation  of 
nitrous  add.  When  an  animal  is  made  to 
inhale  this  gas,  it  is  instantly  destroyed  by 
the  formatbn  of  this  add,  and  condensation  of 
the  oxygm  in  its  lungs.  When  a  burning 
taper  is  immersed  in  this  gas,  it  is  extinguished ; 
as  well  as  the  flame  of  sulphur.  But  inilamed 
phosphorus  bums  in  it  with  great  splendour. 
A  mixture  of  hydrogen  gas  and  nitric  oxide 
bums  with  a  lambent  green  flame,  but  does 
not  explode  by  the  dectric  spark;  though 
FourcToy  says  that  it  detonates  on  bcmg  passed 
through  an  ignited  porcdain  tube.  The  py. 
rophorus  of  Homberg  spontaneously  bums 
in  it 

It  is  decomposable  by  several  of  the  metals, ' 
when  they  are  heated  in  it,  such  as  arsenic, 
zinc,  and  potassium  in  excess.  It  oxidizes 
them,  and  aflbtds  half  its  volume  of  azote. 
Charcoal  ignited  in  it  by  a  burning  glass 
produces  half  a  volume  of  azote,  and  half  a 
volume  of  carbonic  add.  All  these  analjrtical 
experiments  concur  to  show,  tliat  nitric  oxide 
consists  of  oxygen  and  azote,  in  equal  volumes 
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Azote,        0-9722  >. 
Oxygen,     Mill  {^ 

if  we  convert  these  into  equivalent  ntifls, 
we  shall  have  the  gas  composed  of 

1  prime  of  azote  =  1-75      46-08 

2  primes  oxygen  =  2*00      53-3S 

loo-m 

When  this  deutoxide  is  exposed,  at  onEnaiy 
temperatures,  to  bodies  which  have  a  atrang 
attraction  for  oxygen,  such  as  the  snlphites, 
protomnriate  of  tin,  and  the  alkaline  hydio- 
Sttlphureta,  two  volumes  of  it  are  conwaied 
into  one  vdume  of  the  protoxide.  WeaeeheB, 
that  iriien  one  prime  of  oxygen  is  ahatiactw!, 
die  remaining  one  enters  into  a  denaer  state  of 
union  with  azote. 

For  the  habitudes  of  thb  gas  with  hjdn^ 

gn,  see  Ammonia;  and  with  oxygen,  see 
uoiOMETEB,  and  NiT&ic  and  Nitrous 
Acids. 

Asote  combines  with  ddorine  and  iodhie  to 
form  two  very  formidable  compoaiids : — 

1.  The  chloride  of  azote  was  disoovcred 
about  the  beginnintr  of  1812,  by  H.  Dukng; 
but  its  nature  was  first  investigated  and  ascer- 
tained by  Sir  H.  Davy. 

Put  into  an  evaporating  ponelain  basin  a 
solution  of  one  part  of  nitrate  or  moriate  of 
ammonia  in  10  of  water,  heated  to  abont  100", 
and  invert  into  it  a  wide-mouthed  bottle  fflXed 
with  chlorine.  As  the  Hquid  ascends  by  the 
condensation  of  the  gas,  oiiy-looking  drc^  are 
seen  floating  on  its  suifaoeb  which  collect  to- 
gether, and  fall  to  the  bottom  in  large  globnks. 
This  is  chloride  of  azote.  By  putting  a  thin 
stratum  of  common  salt  into  the  bottom  of  the 
basin,  we  prevent  the  decompoddon  of  the 
diloride  of  azote,  by  the  ammoniacsl  salt  It 
should  be  formed  only  in  very  small  quantities. 
The  chloride  rf  azote  thus  dl>tained  is  an  oily. 
looking  liquid ;  of  a  yellow  colour ;  and  a  very 
pungent  intolerable  odour,  dmilar  to  that  of 
chknrocarbonous  add.  Its  sp.  gr.  is  1-653. 
When  tepid  water  is  poured  into  a  glass  con. 
taining  it,  it  expands  mto  a  volume  of  elastic 
fluid,  of  an  orange  colour,  which  diminishes  as 
it  passes  through  the  water. 

*'  I  attempted,"  says  Sir  H.  Davy,  **  to 
collect  the  products  tit  the  explodon  of  the 
new  substance,  by  appl3ring  the  heat  of  a 
spirit-lamp  to  a  globule  of  it,  ooniined  in  a 
curved  glass  tube  over  water :  a  little  gas  was 
at  flrst  extricated ;  but  long  before  the  water 
had  attained  the  temperature  of  ebullition,  a 
violent  flash  of  light  was  perodved,  with  a 
sharp  report ;  the  tube  and  glass  were  broken 
into  small  fragments,  and  I  reodved  a  sevore 
wound  in  the  transparent  cornea  of  the  eye, 
which  has  produced  a  considerable  inflamma- 
tion of  the  eye,  and  obliges  mc  to  make  this 


NIT 


6S1 


NIT 


ccMiununicRtion  by  an  anuoiucnBifl.  Thlt  ex- 
pfcriinent  proves  what  extreme  caution  is  ne« 
ceasaiy  in  operating  on  this  substance,  for  the 
quantity  I  used  was  scarcely  as  large  as  a 
grain  of  mustaid-seed."— PhQ.  Trans.  1813, 
part  L  It  evaporates  pretty  rapidly  in  the 
air  ;  and  in  vacuo  it  expands  into  a  vapour, 
which  still  possesses  the  power  of  exploding 
by  heat.  nTien  it  is  cooled  artificially  in 
water,  or  the  ainmoniacal  solution,  to  40«  F., 
the  surrounding  fluid  congeals;  but  when 
alone,  it  may  be  surrounded  with  a  mixture 
of  ice  and  muriate  of  lime,  without  freezing. 

It  gradually  disappears  in  water,  producing 
azote ;  while  the  water  becomes  acid,  acquiring 
the  taste  and  smell  of  a  weak  solution  of  nitro- 
muriatic  add. 

With  muriatic  and  nitric  adds,  it  yields 
azote;  and  with  dilute  sulphuric  add,  a 
mixture  of  azote  and  oxygen.  In  strong  so- 
lutions of  ammonia  it  detonates ;  with  weak 
ones,  it  affords  azote. 

When  it  was  exposed  to  pure  mercury, 
out  of  the  contact  of  water,  a  white  powder 
(c^omel)  and  azote  were  the  results.  "  The 
action  of  mercury  on  the  compound,"  says 
Sir  n.  *•*•  appeared  to  offer  a  more  correct  and 
less  dangerous  mode  of  attempting  its  analysis  ; 
hut  on  introducing  two  grains  under  a  glass 
tube  filled  with  mercury,  and  inverted,  a 
violent  detonation  occurred,  by  which  I  was 
slightly  wounded  m  the  head  and  hands,  and 
should  have  been  severely  wounded,  had  not 
my  eyes  and  face  been  defended  by  a  plate  of 
glan,  attached  to  a  proper  cap  ;  a  precaution 

a  necessary  in  all  investigations  of  this 
r.*'_Phil.  Trans.  1813,  pert  II.  In  using 
smaller  quantities,  and  recently  distilled  mer- 
curv,  he  obtained  the  results  of  the  experiments, 
without  any  violence  of  action. 

From  ms  admirable  experiments  on  the 
analysis  of  this  formidable  substance,  by  mer- 
ouy,  by  muriatic  add,  and  from  the  discolora- 
tion of  sulphate  of  indigo,  we  may  infer  its 
composition  to  be 

4  vol.  of  chlorine  =  10  4  primes  180 

.1         of  azote     =    0.9722  I  176 

or  very  nearly  10  by  weight  of  dilorine  to  1 
of  azote. 

A  small  globule  of  it  thrown  into  a  g^  of 
olive  oil,  produced  a  most  violent  explosion ; 
and  the  glass,  though  strong,  was  broken  into 
fragments.  Similar  effects  were  produced  by 
its  action  cm  oil  of  turpentine  and  naphtha. 
When  it  was  thrown  into  ether  or  alcohol, 
there  was  a  very  slight  action.  When  a  par. 
tide  of  it  was  touched  under  water  by  a  partide 
of  phosphorus,  a  brilliant  light  was  perodved 
under  the  water,  and  permanent  gas  was  dis- 
engMed,  having  the  characters  of  azote. 

When  quantities  larger  than  a  grain  of 
mustard-aeed  were  used  for  the  contact  with 
phosphorus,  the  explosion  was  always  so  violent 
as  to  break  the  vend  in  which  the  experiment 
was  made.    On  tinfoil  and  zinc  it  exerted  no 


action;  nor  on  sulphur  and  renn.  But  it  de- 
tonated most  violently  when  thrown  into  a 
solution  of  phosphorus  in  ether  or  alcohol. 

The  mechanical  force  of  this  compound  in 
detonation,  seems  superbr  to  that  of  any  other 
known,  not  even  excepting  the  ammoniacal 
fulminating  silver.  The  vdodty  of  its  action 
appears  to  be  likewise  greater.  I  touched 
a  minute  globule  of  It,  in  a  platina  spoon 
resting  on  a  table,  with  a  fragment  of  phos- 
phorus at  the  point  of  a  penkiUfe.  The  blade 
was  instantly  shivered  into  fragments  by  the 
explosion. 

Messrs.  Porrett,  Wilson,  and  Rupert  Kirk, 
brought  125  different  substances  in  contact 
with  it.  The  following  were  the  only  ones 
which  caused  it  to  explode : — 

Supersulphuretted  hydrogen. 

Phosphorus. 

Phosphuret  of  lime 

Phosphurctted  camphor. 

Campboretted  oil. 

Phosphuretted  hydrogen  gas. 

Caoutchouc. 

Mjrrrh. 

Pahn  oil. 

Ambergris. 

Whale  oil. 

Linseed  oiL 

Olive  oil. 

Sulphuretted  oil. 

Oil  of  turpentine. 

tar. 

amber. 

petroleum. 

orange  ped. 

Naphtha. 

Soap  of  silver. 

.^—  mercury. 


■.^- 


'  manganese. 

Fused  potash. 

Aqueous  anmionia. 

Nitrous  gas.     Nkh,  Joum.  vol.  34. 

2.  Iodide  of  azote.  Azote  does  not  combhie 
directly  with  iodine.  We  obtain  the  com. 
hination  only  by  means  of  ammonia.  It  was 
discovered  by  M.  Courtois,  and  carefully  ex- 
amined by  M.  Colin.  When  ammoniacal  gas 
18  passed  over  iodine,  a  visdd  shining  liquid 
is  immediatdy  formed  of  a  brownish-buick 
colour,  which,  in  proportion  as  it  is  saturated 
with  anmionia,  loses  its  lustre  and  viscosity. 
No  gas  is  disengaged  during  the  formation  of 
this  liquid,  whidi  may  be  called  iodide  ofam^ 
monia.  It  Is  not  f^Uminating.  When  dis- 
solved in  water,  a  part  of  the  ammonia  ti  de- 
composed; its  hydrogen  forms  hydriodic  add; 
and  its  azote  combines  with  a  portion  of  the 
kkline,  and  forms  the  ftilminaring  powder. 
We  may  obtain  the  iodide  of  azote  directly, 
by  putting  pulverulent  iodine  into  oonunon 
water  of-ammonia.    TUf  indeed  If  the  best 


The  iodide  of  azote  is  pulyerulent,  and  of 
a  brownifih-black  coloiu.  It  detonates  from 
the  amallest  shock,  and  fitim  heat,  with  a 
feeble  violet  vapour.  When  properly  prepared, 
it  often  detonates  qxmtaneously.  Hrace,  after 
the  black  powder  is  formed>  and  the  liquid 
ammonia  decanted  off,  we  must  leave  the 
capsule  containing  it  in  perfect  repose. 

When  thin  iodide  is  put  into  potash  water, 
aiote  is  disengaged,  and  the  same  prodacts 
aire  obtained  as  when  iodine  is  dissolved  in 
that  alkaUne  lizivranL  The  hydriodate  of 
ammonia,  which  has  the  property  of  dissolv. 
ing  a  great  deal  of  iodine,  gradually  decom- 
poses the  fulminating  powder,  while  azote  is 
set  at  liberty.  Water  itself  has  this  property, 
though  in  a  much  lower  degree.  As  the  ele- 
ments  of  iodide  of  azote  are  so  feebly  united, 
it  ought  to  be  prepared  with  great  precautions, 
and  should  not  be  preserved.  In  the  act  of 
transferring  a  little  of  it  from  a  pUtlna  capsule 
to  a  piece  of  paper,  the  whole  exploded  in  ray 
hands,  though  the  friction  of  the  partides  on 
each  other  was  inappreciably  small. 

Both  Sir  H.  Davy  and  M,  Gay  Lussac 
have  exploded  their  iodide  in  glass  tubes,  and 
collected  the  results.  The  latter  states,  *^  that 
if  we  decompose  a  gnunme  (15<444  grains)  of 
the  fulminating  powder,  we  obtain,  at  the 
temperature  of  92^^  and  under  the  pressure 
of  do  inches  of  mercury,  a  gaseous  mixture 
amounting  to  O*  11 62  litre,  (7-03  cubic  inches), 
and  composed  of  0*0864  of  the  vapour  of 
iodine,  and  0-0288  of  azote.**— ^it«i.  de  Chitru 
xd.  Now  00864  is  to  0.0288  as  3  to  1 
exactly.  Thetefore  the  detonating  powder 
consists  of 

3  vols,  of  the  va.  of  iod.=8'63x3=26«89 
1  vol.  of  azote  =  =:  0*9722 

or  reduced  to  the  oxygen  equivalent  scale,  it 
consists  of 


3  prime*  of  iodine  =:  46'6 
1  azote   =    1-75 


96*37 
3.63 

100*00 


AiOte  has  hitherto  resisted  aH  attempts  to 
decompoae  it.  Sir  H.  Pavy  volatilized  the 
highly  combustible  metal  potassium  in  azote 
over  mercury,  and  passed  the  voltaic  flame 
of  2000  double  pUtes  through  the  vapour; 
but  the  at(Ke  uDderwnit  no  cbapge.    He  made 


amm<mia  were  ignited  together  in  a  Reammnr 
porcebin  tube,  couneetSd  with  wator^in  a 
Woolfe*s  apparatus,  a  portion  of  amaMDUi 
constantly  disappearad,  or  was  annihibtted« 
while  nothing  but  water  was  obtained  to  le- 
pkce  that  loss.  *^  Of  the  tightness  of  the 
apparatus  I  am  well  assured.  Indeed,  I  have 
performed  the  experiment  widi  a  eontiiiiioas 
gbisa  tube,  sealed  and  bent  down  at  one  end 
nke  a  retort,  while  the  other  end  was  drawn 
hito  a  small  tube,  which  passed  under  a  jar 
on  the  mercurial  pneumatic  shelf.  The  middle 
pact  was  kept  horizontal,  and  artifidally  cooled. 
The  sealed  end  oontahied  the  mixtnre  of  Udk 
and  sal  ammoniac  A  brash  flame  of  a  large 
alcohol  bbwpipe  was  made  to  play  very  gently 
on  the  end  of  the  tube  at  first,  but  aftennmfa 


so  powerfuUy,  as  to  k^  it  ignited  for  i 
time.  The  sal  ammoniac  recovered  did  not 
exceed  three-fourths  of  that  oiigina%  on* 
ployedf"  The  sal  ammoniac  was  regenerated 
by  saturating  the  ammonia  with  mniiatic  acid, 
and  cautions  evaporation*  See  Aim.  ofPhiL 
September^  1817- 

The  strongest  aisoments  for  the  eompoond 
nature  of  azote  are  derivedfVom  its  slight  tea. 
dency  to  ownbiiiation,  and  fitnn  its  bci^g 
found  abundantly  in  the  oigaaa  of  animals 
wludi  feed  on  substances  chat  do  not  ooncain 
it 

Its  uses  in  the  economy  of  tlie  globe  ass 
little  understood.  This  is  likewise  ftvonrsfaie 
to  the  idea  that  its  real  chemical  natoie  is  m 
yet  unknown,  and  leads  to  the  hope  d  its 
being  decomposable. 

It  would  appear  that  the  atmoqilMrie  aasDCe 
and  oxygen  spontaneously  oomfaine  in  odier 
proportians,  under  certain  dicumstaneea,  in 
natural  operations.  Thus  we  find,  that  mild 
calcareous  or  alkaline  matter  fitvovrs  die  fonna. 
tion  of  nitric  add  in  certain  reftoa  of  die 
earth ;  and  that  they  ace  easentid  to  ill  piQ. 
ductim  in  our  artjficiri  aRangements  fis 
fbrming  nitre  from  ^eeompOBing  animal  sod 
VMcetable  substances* 

NITROUS  ACID.  See  Acid  (Niteous). 

NOBLE  METALS.  This  absurd  name 
has  been  bestowed  on  the  peiftct  metals,  gold, 
sUver,  and  platma. 

NUCLEUS  or  Cetstals.    See  CBYf- 

TALLIZATIOK. 

NOVACULITE.    Whetsiiats. 
NUX  VOMICA.    See  STETCHjna. 


OBSIDIAN.  Of  this  mineral  'there  are 
two  kinds,  the  tnmslncent  and  transparent. 

1.  Translucent  obsidian.  Colour  velvet- 
black.  Massive.  Specular  splendent  Frac- 
ture perfect  conchoidaL  Transhicent,  or  trans- 
lucent on  the  edges.  Hard.  Very  brittle. 
Eamly  frangible.  Stieak  gray.  Sp.  gr.  2*37* 
It  melts,  or  becomes  spongy  before  the  blow- 
pipe.  Its  ooBstituents  are,  silica  7^)  alumina 
10,  lime  1,  soda  1.6, potash 6,  oxideof  iron  1. 
— Vmiq.  It  Occurs  in  beds  in  porphyry,  and 
various  secondary  trap  roda  in  Icdand  and 
Tokay. 

2.  Transparent.  Cokxir  duck  blue.  Mas- 
uve  and  in  broim  grains.  Splendent  Frac- 
ture perfect  conchoidal.  Perfectly  transparent 
Hard.  Brittk.  Sp.  gr.  2-96.  It  melts  more 
easily  than  the  translucent  obridian,  and  into 
a  white  muddy  glass.  Its  constitoents  are, 
ailica  81,  alumina  9-6,  lime  0.33,  oxide  of  hron 
04ID,  potash  2.7,  «oda  4.5,  watcrO.5.— i^to^ 
roth*  It  oceun  imbedded  in  pearl-stone  pOT- 
phyry.  It  is  finmd  at  Harekan,  near  Ochotsk 
In  Siberia,  and  in  the  Sene  de  las  Novajas  in 
Hexieo. 

OCHRE.    An  ore  of  iron. 
OCHROITS.    Oeitte. 
OCTOH£»AIT£.    Pyramidal  titanium 


OBOUR.  The  cmamition  of  an  odorife- 
rtnis  body  is  generally  ascribed  to  a  portion  of 
the  body  itseU^  converted  into  vajpMmr.  M. 
Robiquet,  hom  a  series  of  experiments  pub- 
Ijsbcd  in  IbeAunales  deChimie  et  dePftysiqne^ 
XT.  VJ.  thiidLs,  ihat  in  many  cases  the  odour 
Is  «ywing,  not  to  the  substance  itself,  but  to  a 
gas  or  n^NMir  resulting  from  its  combination 
with  an  appropriate  vehicle,  capable  of  dif- 


I  space; 
OETIT£S.     Qay  ironsione. 
Olli  OF  VITRIOL.    See  Acid  (Sul- 

FHVBiC). 

OIL.  l%e  diitinGtive  diaraclen  of  oil 
are  inflammability,  insolubility  in  water,  and 
floi^ty,  at  least  in  a  moderate  temperature. 
Oils  are  distinguished  into  fixed  or  fat  oUs, 
which  do  not  rise  in  distillation  at  the  tem- 
peratnre  of  boiling  water ;  and  volatile  or  es- 
sential oHs,  which  do  rise  at  that  temperauwe 
with  water,  or  under  390^  by  themselves. 

The  volacfle  oil  obtained  by  attenuating 
anunst  oil,  by  a  number  of  suconrive  ^UstiDa. 
tioDa,  is  called  IHppel*s  animal  «l!l. 

M osnet  asserts,  that,  by  miadng  acids  with 
animal   oil,  their  rectification  may  be  very 

a%e  addition  of  a  Ufctie  cthsr,  before  le- 
distiihtion  of  old  essential  oils,  impsoves  the 
flavour  of  the  pwdaet    See  El ayn  and  Acid 


Fixed  ofls  diflfer  greatly  in  their 
grarities,  as  appears  from  the  foRowing  t 

Cacoa,  0-892 

Rape-seed,  0*913 

Olives,  0-913 

Ben,  0-917 

Beech-nut,  0-923 

Walnuts,  0-923  to  0-947 

Almonds,  0-932 

Linseed,  0-939 

Poppies,  0-939 

HazeUnuts,  0-941 

Oil  of  palm,  0*968 

MAI.  Gay  Lvssac  and  Thenaid  an 
olive  oil  in  1808,  by  igniting  a  deten 
quantity  of  it,  mixed  with  diknate  of  p 
and  ascertaining  the  products:  <hoy  km 
to  consist  of 

Osibm,  77-213 
Hydrogen,  13-300 
Oxygen,         9*427 

100*000 
Or,  Gaibon,     77*213 

Ox.  and  hydr.  in  the  pro-)  1 0.710 
portions  for  forming  water,    j       '' 

Hydrogen  excess,      I2*07d 

Spermaceti  oil  by  my  analysis  coosis 
100  parts  of  carbon  78*91,  hydrogen  IC 
oxygen  10-12,  or 

Carbon,  10  atoms  7-5  780 
Hydrogen,  8  do.  1*  11-5 
Oxygen,        1    do.        1-000  10-5 

100-0 

In  other  tenas  9  atoms  olefiantgas,  1  carb 
oxide,  and  1  csrbon. 

Oil  of  nupeatise  gave  me  in  analysis,  car 
82*51,  hydrogen  9-^,  oxygen  7*87; 

Or  Carbon,      14  atoms    10*5      82*3i 

Hydrogen,  10    do.        1.25      9*8i 

Oxygen,      1    do.        1*00      7*01 

PML  Tram.  1822 

Vauquelin  has  shown  that  volatile  o0s, 
oil  of  lavender,  absorb  pure  acetic  acid  in  v 
large  quantities,  the  greater  part  of  which  t1 
give  up  to  water  by  agitation  with  it    Oil 
turpentine   combines  bigdy  with    alooh 
limning  a  homi^eneons  body.    This  eff 
is  produced  by  a  solution  of  the  alcohol  in  1 
oil ;  for  1  part  of  alcohol  csnoot  be  suppos 
to  dissolve  5  of  oiL    When  that  compound 
long  and  repeatedly  asitated  with  water,  t 
•whole  alcohol  cannot  be  separated ;  about . 
of  the  volume  remaining  combined,  witho 
our  being  sAde  to  perceive  it,  if  it  be  not  I 
tiie  speci&  grarity  which  is  a  litde  diminishe 


OIL 


fiS4 


OIL 


Bit  tepoled  kMkns  with  much  water  the  al- 
cJboL  may  be  all  finally  removed.  Ann,  de 
Chiin.  xix.  279- 

If  the  pemitFate  of  mercury,  made  by  dis- 
■olvhig  6  parts  of  mercury  in  7*5  parts  of  nitric 
acid,  of  sp.  gr.  1-36  at  common  (emperatores, 
be  mixed  with  olive  oil,  in  the  ooune  of  a  few 
hoars  the  mixture,  if  kepi  cold,  becomes  solid ; 
but  if  mixed  with  the  oil  of  grains,  it  does  not 
solidify.  M.  Pontet  proposes  therefore  this 
substsnce  as  a  test  of  the  purity  or  8duItemti<Hi 
of  olive  oil ;  for  the  resulting  mixture,  after 
standing  12  hours,  is  more  or  less  solid,  as  the 
cril  is  more  or  less  pure.  The  nature  of  the 
white,  hard,  and  opaque  mixture,  formed  by 
olive  oil  and  the  nitrate  of  mercury*  has  not 
beep  ascertained.  See  Acid  (Maroa&ic), 
£i.Aiy,  and  Fat. 

OIL  OF  AMBER.  When  amber  is 
'distilled  in  a  retort,  it  yields  about  one^third  its 
wei^t  of  a  fetid  brown  oil,  which  is  occasion. 
aUy  used  as  an  antispasmodic  in  medicine. 

OIL  GAS.  It  has  been  long  known  to 
chemists,  that  wax,  oil,  tallow,  Slc,  when 
passed  througih  ignited  tubes,  are  resolved  into 
combustible  gaseous  matter,  which  biuns  with 
•  rich  light  Messrs.  Taylor  and  Martineau 
have  av&ed  themselves  skilfully  of  this  fact, 
and  contrived  an  ingenious  apparatus  for  ge- 
nerating oil  gas  on  the  great  scale,  as  a 
substitute  for  candles,  lamps,  and  coal  sas. 
I  shall  insert,  here,  a  brief  account  of  their 
mprovements. 

The  advantsges  of  oil  gas,  when  contrasted 
with  coal  gas,  are  the  following : — The  mate- 
rial from  which  it  is  produced  containing  no 
snlphur  or  other  matter  by  which  the  gas  is 
contaminated,  there  are  no  objections  to  its 
use  on  account  of  the  suffocating  smeU  in 
dose  rooms.  It  does  no  sort  of  injury  to 
furniture,  books,  plate,  pictures,  paint,  &c. 
All  the  costly  and  offensive  operation  of 
purifying  the  gas  by  lime,  Slc  is  totally 
avoided  wlien  it  is  obtained  from  oiL  Nothing 
is  contained  in  oil  gas  which  can  possibly 
injure  the  metal  of  whidi  the  conveyance 
pipes  are  made. 

The  economy  of  light  from  oil  gas  may  be 
judged  from  the  following  table : — 

Aigand  burner  oil  gas,  per  hour,  .    fd. 
Argand  lamps  spermaceti  oil,        .  Stf. 
Mouldcandfes,    ....  ^d. 
Wax  candles,      ....  Udi 

The  oil  gas  has  a  material  advantage  over 
cosl  gas,  from  its  peculiar  ridmess  in  olefiant 
gas,  which  renders  so  small  a  volume  neces- 
sary, that  one  cube  foot  of  oil  gas  will  be 
found  to  go  as  far  as  four  of  coal  gas.  This 
drcumstanoe  is  of  great  importance,  as  it 
reduces  in  the  same  proportion  the  size  of  the 
gasometers  which  are  necessary  to  contain  it: 
Uiis  is  not  only  a  great  saving  of  expense  in 
the  construction,  but  is  a  matmal  convenience 
where  room  is  limited. 


lA  the  .course  of  their  first  experinaeots. 
Messrs.  John  and  Philip  Taylor  were  surprised 
to  find,  that  the  apparatus  they  employed 
grsdually  lost  its  power  of  decomposii^  ml, 
and  generating  gas.  On  inveatigatioBi  they 
discovered;  that  £e  metallic  retorts  iHudi  had 
originally  decomposed  oil  and  produced  gas  io 
abundance,  ceased  in  a  very  great  degree  to 
possess  this  power,  although  no  visible  diaii^ 
had  taken  place  in  them. 

The  most  pscfect  cleaning  of  the  interior 
of  the  retort  did  not  restore  the  ellect,  and 
some  alteration  appears  to  be  produced  on 
the  iron  by  the  action  of  the  oil,  at  a  hi^ 
temperature. 

Fortunatdy  the  experiments  on  this  snbjecr 
led  to  a  most  favourable  result,  for  it  was 
fbund,  that  by  introducing  fragments  of  brick 
into  the  retorts,  a  great  increase  of  the^deoom. 
posing  power  was  obtained,  and  th^  apparatus 
has  been  much  improved  by  a  drcamstaz^e 
which  at  one  time  i^peared  to  threaten  it» 


A  small  portion  of  the  oil  introduced  into 
the  retort  stUl  passed  off  nndecompoaed,  and 
being  changed  into  a  volatile  oil,  it  carried 
with  it  a  great  portion  of  calorie,  wfaicii  ren- 
dered  the  construction  of  the  apparatus  more 
difficult  than  was  at  first  anticipated ;  but  by 
the  present  arrangement  of  its  parts,  ths 
difficulty  is  fully  provided  for,  and  the  vula- 
tilized  oil  is  made  to  return  into  the  oil  re- 
aerroir,  from  whence  it  again  passes  into  the 
retort,  so  that  a  totsl  conversion  of  the  wbok 
into  gas  is  accomplished  without  tzouUe,  or 
the  escape  of  any  unpleasant  smell. 

A  general  idea  of  the  process  may  be  fanned 
from  the  following  account  of  it :— i 

A  quantity  of  oil  is  placed  in  an  alr-tigfai 
vessel,  in  sndi  a  manner  that  it  may  flow  into 
retorts  which  are  kept  at  a  modente  red  heat ; 
and  in  such  proportions  as  may  regulate  the 
production  of  gas  to  a  convenient  rate  ;  and  it 
is  provided,  that  this  rate  may  be  easily 
governed  at  the  will  of  the  operator. 

The  oil,  in  its  passage  through  the  letorts, 
is  prindpally  decompoMd,  and  oonvtfted  into 
gas  proper  for  illuminatioo,  having  the  great 
advantages  of  being  pure  and  free  from  sul- 
phurous  contamination^  and  of  supporting  a 
very  bzilliant  flame,  wiUi  the  expmditaie  of 
veiT  small  quantities. 

As  a  further  precaution  to  nurify  the  gas 
from  oil,  which  may  be  suspended  in  it  in  the 
state  of  vigour,  it  is  conveved  into  a  wash 
vessel,  where,  by  bubbling  through  water,  it 
is  furdier  cooled  and  rendoed  fit  for  use;  and 
passes  by  a  proper  pipe  into  agasomeier,  from 
which  it  is  soared  to  branch  off  in  pipes  in 
the  usual  manner. 

The  oil  gas  which  I  have  been  accustomed 
to  make  has  only  a  double  illnminating  power, 
compared  to  good  coal  gas.— Seea  drawing  d 
an  degant  apparatus,  erected  by  Messrs.  P. 
and  M.  at  the  Apothecaries*  Hall,  London,  in 
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the  IMi  Number  of  tba  Jonmal  o£  ficicace  «pd 
the  Arts, 

When  the  gaseous  matter  obtained  by  the 
igneous  decompoiitioQ  of  oil  b  compressed  to 
wout  one-thirtieth  of  its  volume,  as  by  tlie 
portable  gas  company,  a  certain  new  liquid  com- 
pound results.  Thi«  fluid  is  colourless  or  opa- 
lescent, jdlo  w  by  transmitted,  green  by  reflected 
light,  of  a  specific  sravity  kss  than  water, 
insoluble  in  water  untesx  in  very  minute  quan- 
tities, soluble  in  alcohol,  ether,  oils,  &c,  and 
combustible,  burning  with  a  dense  flame.  It 
is  well  distinguished  from  the  oil  that  afforded 
it,  by  being  very  slighdy  acted  upon  by  al- 
kaline solutions.  When  the  bottle  containing 
it  is  opened,  evaporation  takes  place  from  the 
surface  oi  the  liquid,  as  is  obvious  from  the 
ttri<r  in  the  air.  This  vapour  soon  ceases, 
and  the  remainder  is  comparatively  fixed.  It 
has  the  smell  of  oil  gas. 

Its  specific  gravity  is  0-821.  It  does  not 
solidify  at  O'^r,  Wis  neutral  to  test  colours. 
Bluriatic  acid  has  no  action  on  it.  Sulphuric 
acid  acta  on  it,  in  a  peculiar  maimer. 

This  fluid  is  a  mixture  of  various  bodies, 
which  may,  by  their  difference  of  volatility, 
be  separated  in  some  degree  from  each  other. 
'When  the  vessel  containing  it  is  opened,  it 
begins  to  boil  at  60*'  F.    As  the  more  volatile 
portions  are  dissipated,  the  temperature  rises ; 
and  before  a  tenth  part  is  thrown  off,  the  tern- 
perature  exceeds  100<».     The  heat  after  this 
continues  to  rise,  and  before  the  substance  is 
all  dissipated,  it  becomes  250o. 
A  liquid  distilled  over,  when  the  retort  wss 
^      at  170^9  became  partly  solid  in  the  receiver, 
CT^fstals  fofming  round  the  side,  and  a  fluid 
reteaiuing  in  the  centre ;  while  two  other  por- 
tions,  one  drawn  off  at  I860  F.,  another  at 
^      ISO*",  became  quite  hard  at  0<>  F.    This  being 
dried  by  bibulous  paper,  Introduced  into  it  by 
>       a  glass  rod,  did  not  become  fluid  until  raised 
to  280  or  29^  F.    After  being  squeezed  in  a 
I       Bramah's    press  between  folds  of  blotdng 
I       pftper,  contained  between  plates  cooled  to  0*, 
It  was  ultunately  distilled  off  caustic  lime,  to 
separate  any  water  it  might 'still  contain.  Tliis 
substance  is  a  bicarburet  of  hydrogen.     It  is, 
St  ordinary  temperatures,  a  transparent  co- 
lourless liquid,  having  somewhat  of  the  odour 
of  almonds,  and  a  specific  gravity  of  0-B5  at 
60«-    It  crystallizes  at  32^.    Its  fusing  point 
is  more  exactly  42^.    It  contracts  very  much 
on  ooogeoJing,  9  parts  in  bulk  becoming  very 
nearly  8,  when  iu  density  becomes  0.956.   At 
0<»,  it  appears  as  a  white  or  transparent  sub- 
stance, brittle,  pulverulent,  and  of  the  hardness 
Dearly  of  loaf  sugar.    It  evaporates  entirely 
I       when  exposed  to  the  air.    Its  boUing  point  is 
186*  in  a  g^  vessel    The  sp.  gr.  of  its 
▼apour,  eauated  to  a  temperature  of  80%  is 
I       noidy  40  Umes  that  of  hydroaen.    It  does  not 
I       conduct  electricity.  When  aunitted  to  oxygen 
gas,  so  much  vigour  rises,  m  to  oonsdtute  a 
powerfully  detonating  mixture.   By  transmis- 


sion through  an  ignited  tube,  it  becomes 
carburetted  hydrogen,  with  deposition  of 
charcoal.  Chlorine,  aided  by  the  sunbeam, 
combines  with  it,  and  triple  compounds  of 
chlorine,  carbon,  and  hydrogen,  result.  Potas- 
sium is  not  affected  by  it,  even  at  1869  F.  Its 
constituents  arc,  carbon  1*5  +  hydrogen  0-125. 

Another  product  irom  the  diatHIadonofthe 
condensed  oil-gas  liquid,  is  that  which  is  most 
voktile.  It  forois  a  liquid  at  0«,  but  is  all 
resolved  into  gas  at  32^  F.  This  gas  is  very 
combustible,  it  is  28  times  denser  than  hy- 
drogen. Its  density,  in  the  liquid  state,  is 
0*627  at  54° ;  taken  by  weighing  some  of  it  in  a 
glass  tube,  hermeticaUy  sealed.  It  t«,  thercm 
forcj  the  lightest  of  solids  or  liquids.  One 
volume  of  the  vapour  consists  of  four  volumes 
of  hydrogen,  combined  with  four  of  vapour  of 
carbon ;  whidi,  on  the  hydrogen  radix,  gives 
foritsdensity  (4  X  I)  +  (4  X  6)  =28.  Itis 
therefore  the  same  as  defiant  gas  condensed 
into  half  its  usual  volume.  The  oil  gas  liquid 
is  an  excellent  solvent  of  caoutchouc,  sur- 
passing every  other  substance  in  this  quality. 
— Faraday. 

01 L  OF  WIN£.  This  liquid  is  produced 
at  a  certain  period,  during  the  distillation  of  a 
mixture  of  sulphuric  acid  and  alcohol,  in  the 
formation  of  ether.  It  is  a  oerfectly  neutral 
substance.  When  heated,  itevolvcs  combustible 
matter,  and  becomes  highly  acid ;  the  com- 
bustible matter  is  hydro  carbon.  Upon  eitt^ 
mining  the  acid  thus  produced,  it  is  found  to 
be  the  same  with  the  sulphovinic  acid,  and 
united  with  bases  it  forms  sulphovinates.  Oil 
of  wine  consists  of  2  atoms  of  sulphuric  add, 
8  of  carbon,  and  8  of  hydrogen.  It  is  neutral ; 
but,  by  heat,  s^ves  off  half  of  the  carbon  and 
hydrogen,  while  sulphovinic  acid  remains, 
compmed  of  2  atoms  of  sulphuric  add,  4  of 
carbon,  and  4  of  hydrogen ;  which  elements, 
with  an  atom  of  an^  haw,  form  sulphovinates. 

When  oil  of  wme  is  mixed  with  a  cold 
solution  of  muriate  of  barytas,  no  change  takes 
place ;  but  if  heat  be  applied  to  the  mixtuie, 
sulphate  of  barytes  predpitates.  38  per  cent, 
of  sulphuric  add  is  thus  indicated  in  oil  of 
wine ;  the  remaining  62  parts  are  carbon  and 
hydrogen,  in  the  same  proportions  as  they 
exist  in  okfiant  gas. — HenneL  PhU,  Trans,^ 
1826.   PartZd. 

OISANITE.    Pyramidal  titaniunvore. 

OLEFIANT  GAS.  A  compound  of  one 
prime  of  carbon  and  one  of  hydrogen,  to 
which  I  have  given  the  name  of  Caaburbt- 
TED  Htdrooen,  to  distinguish  it  from  the 
gas  resulting  from  one  prime  of  carbon  and 
two  of  hydrogen,  which  I  have  called  sub- 
carburetted  hydrogen. 

OLEIC  ACID.    8ee  Acid  (Oleic). 

OLEOSACCHARUM.  Thift  name  is 
given  to  a  mixtuie  of  oil  and  sugar  incorpo- 
rated with  each  other,  to  ^der  tiie  oil  more 
easily  difiusible  in  watery  liquors. 

OLBUM  VINL    See  ExHsm. 


or  tears,  me  oesi  u  oi  a  yeuowisn-wime 
colour,  solid,  hard,  and  brittle ;  when  chewed 
fbr  a  little  time,  it  rendere  the  spittle  white, 
sod  impresses  an  unpleasant  bitterish  taste ; 
laid  on  burning  coals,  it  yields  an  agreeable 
smell. 

OLIVENITE.     An  ore  of  copper. 

OLIVINE.  A  sub-species  of  prismatic 
chrysolite.  Its  colour  is  olive-green.  It  oc- 
curs massive  and  in  roundish  pieces.  Rarely 
crystallized  in  imbedded  rectangular  four- 
rided  prisms.  Lustre  shining.  Cleavage  im- 
opfect  double.  Fracture  small-grained  uneven. 
Vkanslucent.  Less  hard  than  chrysolite. 
Brittle.  Spec  grav.  3.24.  With  borax  it 
melts  into  a  dark  green  bead.  It  loses  its 
colouring  iron  in  nitric  acid.  Its  constituents 
are,  silica  50,  magnesia  38.5,  lime  0.25,  oxide 
of  iron  12.  It  occurs  in  basalt,  greenstone, 
porphyry,  and  lava,  and  generally  accom- 
panicQ  with  augite.  It  is  found  in  the  Lo- 
thians,  Hebrides,  north  of  Ireland,  Iceknd, 
France,  Bohemia,  &c. 

OLLARI8  LAPIS.    Sec  Potstone. 

OMPHACITE.  Colour  pale  Icek-green. 
Blassive,  disseminated,  and  in  narrow  raoiated 
concretions.  liustre  glistening  and  resinous. 
Fracture  fine-grained  uneven.  Feebly  trans- 
lucent. Ashwd  as  felspar.  Sp.  gr.  3.3.  It 
occurs  in  primitive  rocks,  with  precious  garnet, 
in  Carinthia.    It  is  a  variety  of  augitc. 

ONYX.  Calcedony,  in  which  there  is  an 
alternation  of  white,  black,  and  dark-brown 
layers. 

OPACITY.  The  faculty  of  obstructing 
the  passage  of  light. 

OPAL.  A  sub-species  of  the  indivisible 
quartz  of  Mdis. 

Of  opal  there  are  seven  kinds,  according  to 
Professor  Jameson. 

1.  Precious  opaL  Colour  milk-white,  in- 
dining  to  blue.  It  exhibits  a  beautiful  play 
of  many  colours.  Massive,  disseminated,  in 
plates  and  veins.  Lustre  splendent.  Fracture 
perfect  oonchoidaL  Translucent,  or  semi, 
transparent.  Scmi-hard  in  a  high  degree. 
Brittle.  Uncommonly  easily  frangible.  Sp. 
gr.  2-1.  Before  the  blowpipe  it  i^itens  and 
becomes  opaque,  but  does  not  fise.  Its  con- 
stituents are,  silica  90,  water  10.  It  occurs 
in  small  veins  in  day  porphyry,  with  semi. 
opal,  at  Czschcrwenitza,  in  Upper  Hungary ; 
and  in  trap  rocks  at  Sandy  Brae,  in  the  north 
of  Ireland.  Some  of  them  become  transparent 
by  immersion  in  water;  and  are  called  oculus 
mundi,  hydrophane,  or  changeable  opaL 

2.  Common  opaU  Colour  milk-white. 
Massive,  disseminated,  and  in  angular  pieces. 
Lustre  splendent  Fracture  perfect  conchoidal. 
Semitransparent  Scratdies  gla.H8.  Brittle. 
Adheres  to  the  tongue.  Infusible.  Its  con. 
■tituents  are,  Bilica  03'5,  oxide  of  iron  1,  water 
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3.  Fire  Opal.  Colour  hyadnth-red.  Lustre 
splendent     In  distinct  concretiom^    FfBctore 

Srfect  condioidaL  Completely  transparent 
ard.  Uneommonly  easily  frangible.  Sp. 
gr.  2.12.  Heat  changes  the  eotour  to  paJe 
fiesh.jed.  Its  constituents  are,  silica  92,  water 
7*76«  inm  0.25.  It  has  been  found  only  at 
Zimapen  in  Alexico,  in  a  particular  wicty  of 
homstone  porphyry. 

4.  Mother^f^arl  opaly  or  Cathehmg,  It 
is  described  under  Cacroloko,  as  a  variety 
of  calcedony. 

5.  Semi-opai,  Colours  white,  gray,  and 
brown;  sometimes  in  spotted,  striped,  or 
douded  delineations.  Massive,  disseminated, 
and  in  imitative  shapes.  Lustre  gUatming. 
Fracture  conchoidaL  Tianslueent.  Sam- 
hard.  Rather  easily  frangible.  Sp.  gr.  2*0. 
Infusible.  Its  constituents  are,  siBca  8.1, 
alumina  3,  oxide  of  iron  1-75,  earboo  5,  am. 
moniacal  water  8,  bituminous  oilO-33i — Kktp- 
rolh.  It  occurs  in  poq>hyry  and  amygdaloitt 
in  Greenland,  Icdand,  and  Scotland,  in  the 
Isle  of  Rume,  &c. 

6.  Jattper  opal,  or  Femtginotts  PpaL  Co. 
lour  scarlet-red,  and  gray.  Massive.  lAastK 
shining.  FractUTep«rfectcondioidal.  Opaqaei 
Between  hard  and  semi-hard.  Eaalyfrangitdr. 
Sp.  gr.  2-0.  Infusible.  Its  constituents  aor. 
silica  43*5,  oxide  of  iron  47*0,  water  7-5- — 
Klaproth.  It  is  found  in  porphyry  at  Tokay 
in  Hungary. 

7.  H^ood  OpaL  Colours  very  various.  In 
branched  pieces  and  stems.  Lustre  shining. 
Fracture  oondioidal.  Transhieeat  Semi-hard 
in  a  high  disree.  Easily  fhmgibie,  Sp.  gr. 
2*  1 .  It  is  found  in  alluvial  land  at  Zastravia 
in  Hungary. 

OPIUM.  See  Mokphia,  and  Aero 
(Meconic).  In  the  Sth  and  9di  volmncs  of 
the  Journal  of  Science,  and  in  the  1st  of  the 
Edinburgh  Phil.  Jounial,  are  two  valtiaMe 
papers  on  the  manufacture  of  BritSsh  opimn ; 
the  first  by  the  Rev.  O.  Swayne,  die  seoood  by 
Mr.  Young.  The  manufoctnieorf' Indian  c^hxm 
has  been  of  late  years  greatly  improved  by  Dr. 
Fleming,  M.  P.,  under  whoK  snpeiintendcnoe 
that  important  department  was  placed  by  the 
Marquis  of  Wellesley. 

Acooiding  to  Orfila,  a  dangeroos  dose  of 
opium  is  rather  aggravated  thun  countencttd 
by  vinegar.  The  proper  remedy  is  a  poweffbl 
emetic,  such  as  sulphate  of  dnc,  or  sulphate  of 
copper.  See  an  interesting  and  well  txeaij^ 
case,  in  the  1st  volume  of  tlie  Mediro- 
Chirurgical  Trans,  by  Dr.  Maroet  and  Mr. 
Astley  Cooper. 

The  experiments  of  M.  Magcndfe  bare 
shown  that  the  salt  extracted  long  ago  fhm 
opium  by  Dcrosnes,  and  which  has  been  caDed 
nareoHney  produces  a  stupor  diiftriog  ftmn  real 
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Rleep,  and  act*  on  dogs  as  a  poison  in  sttall 
doses.  This  narcottM  may  be  separated,  by 
sulphuric  other,  from  the  strained  watery  ex- 
tract  of  opium.  The  ether  afterwards  deposits 
the  nurcotinie  in  crystals ;  whUe  the  residuary 
opium  is  supposed  to  be  better  fitted  than 
bdnte,  for  piocoiing  tranqufl  sleep. 

OFOBALSAM.  The  most  piedous  of  the 
balsams  la  that  commonly  cadled  Balm  of 
GHead,  Opobalsamum,  Balsamdon,  Bal- 
aamumverum  album,  iEgyptiacum,  Judal- 
cum,  Syriacum,  h  Mecca,  &c.  This  is  the 
produce  of  the  amyris  opobaUmnum,  L. 

The  true  tiabam  is  of  a  pale  yellowish 
colour,  clear  and  transparent,  about  the  con^ 
aistenoB  of  Venice  turpentine,  of  a  strong, 
penetrating,  agreeable,  aromatic  SmeU,  and  a 
alig^tly  buterish  pungent  taste.  By  age  it 
becemes  yellower,  browner,  and  thidcer,  losing 
by  degrees,  like  TOlatile  oils,  some  of  its  finer 
and  more  subtile  parts.  To  spread,  when 
drspped  into  water,  all  over  the  surface,  and 
to  form  a  fine,  thin,  raiobow-ooloured  cuticle, 
80  teoadoQs  that  it  may  be  taken  up  entire  by 
the  point  of  a  needle,  were  formerly  infallible 
critoia  of  the  genuine  opobalsam.  Neumann, 
however,  had  ofaaenred,  that  other  balsams, 
when  of  a  certain  degree  of  oonsistenoe,  exhibit 
these  jtoiomena  equally  with  the  Egyptian. 
AoGCN^g  to  Bnoe,  if  dropped  on  a  woollen 
doth,  in  its  pure  and  ficsn  state,  it  may  be 
WMhedout  oompletdy  and  laadily  with  simple 


OPODELDOC.  A  solution  of  soap  in 
alcohol,  with  the  additLoD  of  camphor'  and 
volatile  oils.  It  is  used  externally  against 
dieumatie  pains,  sprains,  braises,  and  other 
like  complaints. 

OPOPANAX.  A  concrete  gummy  re- 
ainoos  juiea,  obtained  from  the  roots  of  an 
wnbeDbferous  plant,  the  pasUnaca  opopanax, 
Xiftn.,  which  grows  q>ontaneously  m  the 
warmer  countries,  and  bears  the  colds  of  this. 
The  juice  is  brought  fh>m  Turkey  snd  the 
East  Indies,  sometimes  in  round  drops  or 
teafs.  but  more  oonmionly  in  iitegular  lumps, 
of  a  leddisfa-yeUow  colour  on  the  outside,  with 
•peeks  of  white;  inwardly  of  a  paler  colour, 
and  fkequcDtly  variegated  with  large  wiute 
pieces.  It  haa  a  peotiHar  strong  smdl,  and  a 
bitter*  acrid,  somewhat  nanseoos  taste. 

ORES.  Hie  mineral  bodies  ficom  which 
meCsls  are  extracted. 

I.  AnTiiioxY,  Oret  of, 

L  iSTairlvtfafitieioi^,  of  which  there  are  two 
species ;  dodecahedral,  and  octohednd. 

1.  Dodecahedral.  Colour  tin-white.  Mas- 
sive and  czystaUbed  in  an  octbhedron  and  do- 
decahedron. Harder  than  calcareous  spar. 
Sp.  gr.  6.7-  It  consists  of  98  antilnony,  1.0 
silver,  and  0.26  iron.  It  is  found  in  aigenti- 
ftmis  veins  in  the  gneiss  mountains  of  Cha- 
laocbes  in  Dauphh^,  and  at  Andt easberg  in 
theHartz. 


2.  Octohedfol  antimony;  of  which  there 
are  two  sub-species,  the  antimonial  silver,  and 
arsenical  silver.     See  O&ES  of  Silveu. 

II.  Antimokt  Glakce.  Under  this 
genus  are  ranged  the  following  species,  sub- 
species,  and  kinds. 

1 .  Compact  gray  antimony.  Colour  light 
lead-gray.  Massive.  Soft  Easily  frangible. 
Sp.  gr.  4.4.  Found  in  Huel  Boys  mine  in 
Cornwall. 

2.  Foliated  gray  antimony.  Colour  Kke 
the  preceding.  (Jkavage  prismatic.  Not 
psrticularly  brittle.    Sp.  gr.  4.4. 

3.  Radiated  grey  antimony.  Colour  com^ 
mon  lead-gray.  Massive,  and  crystallized  in 
four  and  rix-sided  prisms,  and  sometimes  in 
adcular  nystals.  Lustre  metallic.  Sp.  cr. 
4.4.  It  mdts  by  the  flame  of  a  candle.  Stt 
constituents  are,  antimony  76,  sulphur  25. 
These  minerals  occur  in  veins,  in  primitive  and 
transition  nnmntains.  This  occurs  in  Olen- 
dinning  in  Dumfrieishire,  in  Cornwall,  &c. 

4.  Phmwse  gray  antimony.  Colour  be- 
tween dark  lead-eray  and  smoke-gray.  Mas- 
sive, and  in  capiUary  glistening  crystals.  Lus- 
tre semi-metallic  Veiy  soft.  It  melts  into 
a  black  slag.  It  contains  antimony,  sulphur, 
arsenic,  iron,  and  silver.  It  occurs  in  veins 
in  primitive  rocks,  at  Andreasberg  in  the 
Haitz,  Ac. 

5.  Axiflrangible  antimony  glance  or  BottmO' 
nite.  Colour  blackish  lead-gray.  Massive 
and  crystallized.  Primitive  form,  an  oblique 
four.sided  prism,  which  occurs  variously  mo- 
dified by  truncation,  &c  Lustre  metallic. 
Cleavage  axifrangible.  Fracture  oonchoidal. 
Brittle.  Sp.  gr.  6.7*  Its  constituents  are, 
lead  42.62,  aothnooy  24.23,  copper  12.8,  iron 
1.2,  sulphur  VJ.^Hatefiett.  It  is  found  near 
EnddBon  in  Cornwall. 

0.  Prismatic  antimony  glance.  Colour 
blackish  lead-gray.  Primitive  form,  an  ob- 
lique  four-sided  prism.  Lustre  metidlic. 
Cleavage  in  the  diroction  of  the  smaUer  dia- 
gonal of  the  prism.     Sp.  gr.  5.75. 

III.  Antimony  oehre.  Colour  straw-yeUow, 
incrusting  crystiJs  of  gray  antimony.  Dull. 
Fracture  earthy.  Very  soft.  Brittle.  WTiitens 
and  evaporates  before  the  blowpipe.  It  occurs 
in  veins  in  Saxony,  ftc 

IV.  Nickeliferous  gray  antimony.  Colour 
steel-gray.  Massive.  Shining.  Cleavage  dou- 
ble rectangular.  Fragments  cubfcaL  Brittle. 
Sp.  gr.  6  to  0.7.  It  melts  before  the  blow- 
pipe,  emitting  white  vapour  of  arsenic.  It 
communicates  a  green  colour  to  nitric  add.  It 
consists  of  antimony  with  anenic  €1.08, 
nickel  23.33,  sulphur  14.16,  sQica,  with  silver 
and  lead,  0.83,  and  a  trace  of  iron.  It  occurs 
in  veins  near  Fruesberg  in  Nassau. 

V.  Prismatic  tuhite  antimony.  Colour 
white.  Massive  and  crystallized,  in  a  rectan- 
gular four-sided  prism,  an  oblique  four-sided 
prism,  a  rectangular  four-sided  table^  a  six- 
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tided  prism,  and  in  acicular  and  capUlary  crys- 
Uda.  Lustre  pearly  or  adainantine.  Clew- 
age  in  the  direction  of  U^.e  lateral  planes. 
Tian&lucent.  Seciile.  Sp.  gr.  5.0  to  5.6.  It 
melts  and  volatilizes  in  a  white  vapour.  lis 
constituents  are,  oxide  of  antimony  86,  oxides 
of  antimony  and  iron  3,  silica  8.  It  occurs 
in  veins  in  primitive  rocks  in  Bohemia  and 
Hungary. 

VI.  Prismatic  antitnony^lende,  or  nd  an* 
thnony* 

a.  Common.  Colour  chcrry-rcd.  Massive, 
in  flakes,  and  crystallised.  Primitive  form, 
an  oblique  four-sldcd  prism.  Crystals  delicate 
capillary.  Adamantine.  Translucent  on  the 
edges.  Brittle.  Sp.  gr.  4.5  to  4.6.  It  melts 
and  evaporates  before  the  blowpipe.  It  con- 
sists of  antimony  67.5,  oxygen  10.8,  sulphur 
19.7*. — Klapr,  It  occurs  at  Braunsdorf  in 
Saxony. 

b.  Tittdcr  antimonyhhude.  Colour  muddy 
cherry-rud.  In  flexible  tinder-like  leaves. 
Feebly  glimmering.  Opaque.  Streak  shin- 
ing.  Friable.  Sectile  and  flexible.  It  con. 
tains  oxide  of  antimony  33,  oxide  of  iron  40, 
oxide  of  lead  16,  sulphur  4,  with  some  silver. 
'~^Link»  It  occurs  in  the  Carolina  and  Do- 
rothea mines  at  Clausthal. 

II.  Aksekic. 

1.  Native  arsenic.  Fresh  fracture,  whitish 
lead-gray.  Massive,  and  in  imitative  shapes. 
Feebly  glimmering.  Harder  than  calcareous 
spar.  Streak  shining,  metallic.  When  struck, 
it  luM  a  ringing  sound,  and  emits  an  arsenical 
odour.  Sp.  gr.  5.75.  It  occurs  in  veins  in 
primitive  rocks,  at  Kongsberg  in  Norway,  &c. 

2.  Oxide  of  arsenic ;  common,  capillary, 
and  earthy. 

a.  Common  oxide  has  a  white  colour ;  oc- 
curs in  crystalline  crusts ;  has  a  shining  lustre ; 
uneven  fracture;  and  is  aod  and  semitranK. 
parent. 

b.  The  capillary  occurs  in  silky,  snow-white, 
shining,  capillary  crystals. 

c.  The  earthy  is  yellowish -white ;  in  crusts. 
Dull,  opaque,  and  friable.  U  occurs  at  An- 
drcasbeig  in  the  Harts. 

3.  Arsenical  pifHtes. 

a.  Common  arsenical  pt/rifrs.  Mispk-keU 
Fre^h  fracture  silver-whitc.  Massive  and  in 
prismatic  concretions.  Crystallized  in  oblique 
four-sided  prisms.  Lustre  splendent  metallic. 
Fracture  coarse-grained.  Cleavage  in  the  di- 
rection of  the  perpendicular  prism.  Sometimes 
as  hard  as  felspar.  Brittle.  It  emits  an  ar- 
senical smell  on  friction.  Sp^  gr.  6.7  to  6.2. 
Before  the  blowpipe  it  yields  a  copious  arsenical 
vapour.  Its  constituents  are,  arsenic  43.4, 
iron  34.9,  sulphur  20.1.  It  occurs  in  primitive 
rocks,  in  Cornwall  and  Devonshire,  and  at 
Alva  in  Stirlingshire. 

b,  ArgetUi/erous  arsenical  pyrites.  Colour 
silver-white.  Disseminated,  and  in  very  small 
aclcular,  oblique,  four-sided  prisms.     Shining 


and  metallic.  Besidea  arsenic  and  iron,  it 
contains  from  0.01  to  0.10  of  aOver.  It  h^ 
been  found  in  Saxony ;  and  is  used  as  an  or? 
of  silver. 

4.  Pharmacolitc^marseniC'bloom^  Colour 
reddiah-white.  As  a  coating  of  bolls,  or  in 
delicate  capillary  shining  silky  crystals.  Semi- 
transparent,  or  opaque.  Soft.  Soilsi.  Sp.  sj- 
2.64.  Ita  constituents  are,  lime  25,  arH.nLr 
acid  50.44,  water  24.56.  It  occurs  in  v^Irs 
along  with  tin-white  cobalt  at  Andrcasb^rv, 
Ac 

5.  OrpimenU 

a.  Red ;  rtiby  sulphur^  or  hevni'prlsmatlc 
sulphur.  Colour  aurara.«cd ;  masscve ;  ia 
flakes,  and  crystallized  in  oblique  fonr-sided 
prisms.  Lustre  inclining  to  adamantine.  Frac- 
ture uneven.  Translucent.  Streak  orangr- 
ycllow  coloured.  As  hard  as  talc  BrittL?. 
Sp.  gr.  3.35.  It  melts  and  bums  with  a  h\ji 
flame.  It  is  idio-clecttic  by  friiiion.  lt» 
constituents  are,  arsenic  60,  sulphur  31.  It 
occurs  in  primitive  rocks  at  Andreftsbi!T]g,  &r. 

h.  Yelhw  orpimeni^  or  prismatoaAtl  *«/- 
pfiur.  Colour  perfect  lemon-yellow.  Blas- 
sive,  imitative,  and  cr3rstalli7ed  in  oblique 
fbuT-sidcd  prisms,  and  in  flat  double  four- 
sided  pyramids.  Cleavage  prxsmataidal. 
Translucent.  HarderthanUie  red.  Flexible, 
but  not  elastic.  Splits  easily.  Sp.  gr.  3.5. 
Its  constituents  are,  arsenic  62,  sulphur  3fi. 
It  occurs  in  veins  in  floetz  rocks ;  and  aloai^ 
with  red  silver  in  granite  at  Wittichcn  m 
Swabia. 

III.      BiSMlTTH. 

1.  Native  at  octahedral  hixmutk.  Fresh 
fracture  silver-white,  inclining  to  red.  Mas- 
sive and  crystallized  in  an  octohedroo,  tetra- 
hedron, and  cube.  Lustre  splendent,  metal- 
lic. Cleavage  fourfold.  Harder  than  gypsum. 
Malleable.  Sp.  gr.  8.9  to  9.0.  It  mdts  by 
the  flame  of  a  candle.  It  occurs  in  veins  in 
mica-slate,  &c  at  St.  Columb  and  Botailack, 
in  Cornwall ;  and  in  Saxony. 

2.  Bismuth^fflance. 

a.  Acicuhr  bismuth^lance.  Colour  dark 
lead-gny.  Disseminated,  and  erystalliRd  in 
oblique  four  or  six-sided  prisms.  Lustre 
splendent,  metallic.  Fracture  uneven.  Opaque. 
Brittle.  Sp.  gr.  &1  to  6.2.  It  fuses  before 
the  blowpipe  into  a  steel-gray  globule.  Its 
constituents  are,  bismuth  43.2,  lead  24.32, 
ooptpcr  12.1,  sulphur  11.58,  nickd  1.58,  te]> 
lurium  1.32,  gold  0.79.  It  occurs  embeddrd 
in  quarts  near  Bcvesof  in  Siberia.  It  is  also 
called  ncedk  ore. 

b.  Prismatic  bismuth  gianee.  Colour  pale 
lead-gray.  Massive,  and  crystallized  in  ad- 
cular  and  capillary  oblique  four  and  six^adcd 
prisms.  Lustre  splendent,  metallic.  It  soils; 
is  brittle ;  and  harder  than  gypsum.  Spi  gr. 
6.1  to  a4.  It  melts  in  the  Same  of  a  candle. 
Its  constituents  are,  bismuth  60,  sulphor  40. 
It  occurs  in  veins  in  Cornwall,  &.c 


Buipnur  i:e.dis.     it  occurs  in  veins  in  granite 
near  Wittichen  in  Furstembcrg. 

b.  BUmuth  ockrc.  Colour  straw.ycllow. 
Massive.  Lustre  inclines  to  adamantine. 
Opaque.  Soft.  Britdc  Sp.  gr.  4.37.  It 
dissolves  with  eflferveiicence  in  acids.  Its  con- 
stituents axe,  oxide  of  bismuth  86.3,  oxide  of 
iron  5.2,  carbonic  acid  4.1,  irater  3.4.  It  oc- 
curi  along  with  red  cobalt.  It  Ls  found  at  St. 
Agnes  in  ComwalL 

IV.  Cerium.  See  Allanite,  Ce- 
BiTE,  Gadolinite,  Ortuite,  Yttho- 
CERITE.  A  fluate  and  subfluate  of  cerium 
have  been  also  discovered  at  Finbo  in  Sweden. 

V.  Cobalt  Ores. 

1.  Hexahedral  cobalt  pyritet^  or  tiiver" 
ithite  cobalt.  Colour  silver-white.  Massive, 
and  crystalliaed  in  the  cube,  octohedron,  cube 
truncated,  pentagonal,  dodecahedron,  icosa. 
hednrm.  Splendent,  and  metallic.  Cleavage 
hexahedral.  Fracture  concfaoidaL  Semi-bard* 
Bnttle.  Streak  gray.  Sp.  gr.  6.1  to  a:i. 
Before  the  blowpipe  it  gives  out  an  arsenical 
odour ;  and,  after  being  roasted,  colours  glass 
of  borax  smalt  blue.  Its  constituents  are, 
cobalt  44,  arsenic  55,  sulphur  0.5.  Iron  is 
sometimes  present.  It  occurs  in  primitive 
rocks  at  Skutterend,  in  Norway.  It  is  the 
principal  ore  of  cobalt. 

2.  Octohedral  cobalt  pyrites. 

a.  The  ttn-white  ;  of  which  there  is  tlie 
conopact  and  radiated.  The  compact  has  a 
^white,  and  sometimes  rather  dark  colour. 
It  occuTH  massive  and  crystallized  in  the  cube, 
octohedron,  and  rhomboidal  dodecahedron, 
truncated  on  the  six  four-edgcd  angles.  Crys- 
tals generally  rent  and  cracked..  Lustre  splen- 
dent,  metallic.  Brittle.  Sp.  gr.  6.0  to  Q.Q. 
Itt  constituents  are,  arsenic  74.22,  cobalt  20.3, 
iron  3.42,  copper  0.16,  sulphur  0.89.  It  oc 
cms  in  granite,  gneiss,  &c.  in  Cornwall, 
i<axony,  &c 

The  radiated  i  colour  tin-white,  inclining 
to  gray.  Alassive,  and  in  distinct  radiated 
cancrettons.  Lustreglistening,  metallic.  Softer 
than  the  compact.  Its  constituents  are,  arse- 
nic 65*75,  cobalt  28,  oxide  of  iron  50,  oxide 
of  manganese  1  •26.  It  occurs  in  day-slate  at 
Schneeberg. 

b.  Gray  octohedral  cobalt  pyrites.  Colour 
i(g<icatee].gray.  Massive,  and  tubiform.  Dull, 
and  tamisljed  externally.  Internally  splend- 
ent metallic.  Fracture  even.  Streak  shining. 
Brittle.  When  struck,  enxits  an  arseniod 
odour.  Sp.gr  6135.  It  contains  19  6  of 
cobalt,  with  iron  and  arsenic.  It  occurs  in 
granite,  gneiss,  &c.  It  is  found  in  Cornwall, 
Norway,  &c.  It  affords  a  more  beautiful  blue 
smalt  than  any  of  the  other  cobalt  minerals. 

Cotfolf-kks,  Colour  pale  steel  gray.  Mas- 
sive, and  in  cubes.  liustrc  metallic  Fracture 
uni:ven.     Scmi-hard.     Its  constituents  are. 


a.  iiaatated  red  cobalt^  or  cobaU'bloonu 
Colour  crimson-red,  passing  into  peach-blos. 
aora.  Massive,  imitative,  tuid  crystallised,  in 
a  rectangular  four-sided  prism,  or  a  com- 
pressed acute  double  six-sided  pyramid.  Cry. 
stals  acicular.  Shining.  Translucent  Ra- 
ther scctile.  Sp.  gr.  40  to  4*3.  It  tingeft 
borax-glass  blue.  Its  constituents  are,  eohili 
39,  arsenic  acid  38,  waur  23.  It  occttrs  in 
veins  in  primitive,  transition,  and  secondary 
rocks.  It  is  found  at  Alva  in  Stirlingshire, 
in  C^omwall,  &c. 

b.  Earthy  red  cdbaU^  or  cobalt  crust*  Co- 
lour peach-blossom  red.  Massive,  and  imi- 
tative. Friable.  Dull.  SectHe.  Streak  shin- 
ing.    Does  not  soil. 

c.  Slaggy  red  cobalt.  Colour  muddy  crim- 
son red.  In  crusts  and  reniform.  Smooth. 
Shining.  Fracture  conchmdal.  Translucent. 
Soft  and  brittle.     It  occurs  at  Farstemberg. 

4.  Cobalt  ochre. 

a.  Black.  The  earthy-black  has  a  dark 
brown  colour ;  is  friable,  has  a  shining  streak, 
and  fe.  Is  meagre.  The  indurated  black  has  a 
bluish-black  colour ;  occurs  massive  and  imi- 
tative ;  has  a  glimmering  lustre :  fine  earthy 
fracture ;  is  upaque ;  soft ;  scctile ;  soils ;  sp. 
gr.  2  to  2>4.  It  consists  of  black  oxide  of 
cobalt,  with  arscmc  and  oxide  of  iron.  These 
two  sub-species  occur  usually  together,  in 
primitive  or  secondary  mountains ;  at  Alderly 
Edge,  Cheshire,  in  red  sandstone  ;  at  Howtti, 
near  Dublin,  in  slate-clay. 

b.  Brown  cobalt-ochre.  Colour  liver- 
brown.  Alassive.  Dull.  Fracture  fine  earthy. 
Opaque.  Streak  shining  ;  soft,  scctile,  light. 
It  coiisiets  of  brown  ochre  of  cobalt,  arsuiic, 
and  oxide  of  iron.  It  occurs  chiefly  in  se- 
condary mountains.  It  is  found  at  Kamsdotf 
in  Saxony. 

c.  Yellow  cobalt'Ochrc.  Colour  muddy 
straw-yellow.  Massive  and  incrusting.  Rent. 
DulL  Fracture  fine  earthy.  Streak  shining. 
Soft  and  sectile.  Sp.  gr.  2.67^  after  absorb- 
ing water.  It  is  die  purest  of  the  cobalt 
ochres.  It  is  found  with  the  preceding.  It 
contains  silver. 

5.  T/ic  sulphate  of  cobalt  is  found  at  Bibcr, 
near  Hannau«  in  Germany.  It  consists  of 
sulphuric  acid  19-74,  oxide  of  cobalt  38-71) 
water  41-55.  It  has  a  light  fl.sh-rcd  colour; 
and  a  stalactical  form.  Streak  yellowish- 
white.     Taste  styptic. 

VI.    Copper  Orbs. 

1.  Octohedral  or  fiatwe  copper.  Colour 
ooppcr-rcd,  frequently  incrustcd  with  green. 
Massive,  imitative,  and  crystallized;  in  the 
perfect  cube;  the  cube  truncated,  on  the 
angles,  on  the  edges,  and  on  the  edges  and 
angles ;  the  garnet  dodecahedron  ;  perfect 
ociohcdton ;  and  rectangular  four-side<l  prism. 
Lustre  glimmering,  mtudlic.    Fracture  haik- 
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ly.  Streak  splendent,  metallic.  Haider  than 
Silver,  Completely  malleable.  Flexible,  but 
not  dastic.  Difficultly  fran^ble.  Sp.  gr.  8*4 
to  8-7.  It  oonaists  of  99-8  of  copper,  with  a 
trace  of  gdd  and  iron.  It  occora  in  vdna,  in 
granite,  gneiss,  &c.  and  is  found  chiefly  in 
IxxnwalL 

2.  Odoftcdral  red  copper  ore. 

a.  FoHaied  red  copper  ore.  Colour  dark 
codiineal.«ed.  Massive,  and  crystallized,  in 
the  perfect  octohedion,  which  ia  the  poxnilive 
form;  in  the  octohedron,  truncated  on  the 
aa^es ;  on  the  edges,  with  eadi  angle  acumi- 
nated with  four  planes ;  beveQed  on  the  edgea, 
and  each  angle  acuminated  with  eight  planea. 
liustze  adamantine,  indiningto  semi-metallic 
Cleavage  fourfold.  Tianslooent  on  the  edgea, 
ortranSuceot  Streak  muddy  tile-red.  Hard- 
ness between  calcareous  and  fluor-spar.  Brit- 
tle.    Sp.  gr.  5-6  to 60.     . 

6.  Compact  red  copper  ore.  Colour  be- 
tween lead-gray  and  cochineal -red.  Massive 
and  remfon&  I/ustre  semi-metaUic.  Fnc« 
ture  even.  Opaque.  Streak  tile-red.  Brittle. 

r.  CamUary  red  copper  ore.  Colour  car- 
mioe-rea.  In  small  capillary  oyitals.  Lus- 
tre  adamantine,     Tranalucent. 

The  whole  of  these  red  ores  are  deutoxidea 
of  copper,  and  are  easily  reduced  to  the  m^ 
talUc  state  before  the  bbwpipe.  They  dis- 
solve with  effervesoenoe  when  thrown  in  pow- 
der into  nitric  acid ;  and  a  green  nitrate  resulta. 
In  muriatic  add  no  efiervescence  takes  place. 
They  occur  principally  in  veins  that  travene 
primitive  and  tranaition  rocks ;  abundantly  in 
the  granite  of  ComwalL  The  earthy  red  oop- 
'  3pes  ore,  which  is  rare,  is  a  sub-species  of  the 
preceding. 

d.  TUe  ore.  The  earthy  tile  ore  baa  a 
hyacinth-red  ookMir.  It  occurs  masaive  and 
incraating  copper  pyrites.  It  is  composed  of 
dull  dusty  particles.  It  soils  slightly,  and 
feels  meagre.  It  occurs  in  veins,  as  at  Lau- 
tcrberg  in  the  Hartz.  The  indurated  tile  ore 
has  an  imperfect  flat  conchoidal  fracture ;  a 
streak  feebly  shining ;  and  is  intermediate  be- 
tween semi-hard  and  soft.  It  is  an  intimate 
combination  of  red  copper  ore  and  brown  iron 
ochre,  containing  from  10  to  50  per  oenL  of 
copper. 

3.  Black  copper.^  or  black  oxide  of  copper. 
Colour  between  bluish  and  brownuh-black. 
It  occurs  massive,  and  thinly  coating  copper 
pyrites.  It  is  composed  of  dull  pasty  parti- 
cles, which  scarcely  soil.  Streak  slightly 
shining.  Before  the  blowpipe  it  emits  a  sul- 
phureous odour,  melts  into  a  sli^,  and  com- 
municates a  green  colour  to  borax.  It  is  said 
to  be  an  oxide  of  copper  with  oxide  of  iron. 
It  occurs  at  Carharrack  and  Tincroft  mines, 
in  ComwalL 

4.  Emerald  copper  at  dioptaxc.  Colour 
emerald-green.  It  occurs  only  cr>'8talli2ed. 
'I'he  primitive  form  is  a  rhomboid  of  1230  58'. 
The  orJy  secondary  form  at  present  known  is 


the  equiangular  six-sided  prism.  huMtn  shin* 
ing  pearly.  Cleavage  threefold.  Fractue 
small  conchoidoL  TranaluGent.  As  haid  as 
apatite.  Brittle.  Sp.  gr.  3^3.  It  becomes  a 
chesnut-brown  before  the  blowpipe,  and 
tinges  the  flame  green,  but  is  infusible;  with 
borax  it  gives  a  bead  of  copper.  Its  cmsiL. 
tuenU  are,  oxide  of  copper  28-&7f  carixnale 
of  lime  42-83,  sOica  28-57« — Vau^  By 
Lowits,  it  oonaists  of  56  oxide  of  ooppcc,  33 
silica,  and  13  water,  in  100.  It  is  found 
hi  the  land  of  Kiiguiae,  125  leaguea  finn 
the  Russian  frontier,  where  it  is  awociarfd 
with  malachite  and  limestone. 

5.  ^^  copper^  or  priitnatic  maiaeAitc^ 
of  which  there  are  two  kinds, — ^the  radiated 
and  earthy.  « 

a.  The  radiated  has  an  azure-blue  oolsar. 
Massive,  imitative,  and  erystaUiied,  Its 
primitive  form  is  an  oblique  prism.  The 
leoondary  fonns  are,  an  oblique  frnifuailded 
prism,  variously  bevelled,  and  a  veetangD- 
lar  four-sided  prism,  or  eight-sidBd  psisD, 
acuminated  wiui  four  phuies.  LiBtre  vi. 
treous.  Cleavage  threraold-  Fnctme  im- 
porfect  conchoidaL  Translucent.  Coloor  of 
die  streak,  lighter.  Harder  than  calcaieoos 
spar.  Brittle.  Sp.  gr.  3-65.  It  is  solubk 
with  effervesoence  in  nitric  add.  With  boiax 
it  yields  a  metallic  globule,  and  ooloiiis 
the  flux  green.  Its  constituents  are^  copper 
56,  carbonic  add  25,  oxygen  13-6,  water  &5. 
—  Vauquelin,  It  is  found  at  LeadhiBs  in  Dvn- 
fries-sfaiire,  and  Wanlockhead  in  Iianaric 
shire,  and  at  Hud-Vitghi  and  Caifaanek  ia 
Cornwall,  and  in  many  pbioes  on  die  oon- 


h.  Earthy  blue  coppes.  Cdoar  i 
Massive.  Friable.  Sp.  gr.  3-364.  It  is  found 
in  Norway,  ^ 

The  vdvet-blue  copper  bdongs  to  the  assne 
qiedes.  Lustre  glistening  and  peaiij.  It 
hss  been  found  onlj  at  Oiavicsa  in  the  Ban. 
nat,  along  with  maiadiiteand  ^  faiown  irat* 
stone. 

6.  Malachite;  of  wliich  thtre  axe,  the 
fibrous  and  compact 

a.  Fibrotu  malachite.  Cokinr  perfect  eme- 
rald green.  Imitative,  and  crystallised,  in 
oblique  four-sided  prisms,  variously  bevdled 
or  truncated;  and  in  an  acntfl-wngtilar  three- 
sided  prism.  Crystals  short,  capillary,  and 
acicular.  liustre  pearly  or  silky.  Tranaln- 
cent,  or  opaque.  Softer  than  blue  copper. 
Streak  pale  green.  Brittle.  Sp.  gr.  3-06. 
Before  the  blowpipe  it  decrepitates,  and  be- 
comes block.  Its  constituents  are,  copper  58, 
carbonic  add  18,  oxygen  13-5,  water  ll-6b— 
Klaproth.  It  occurs  prindpally  in  veina.  It 
is  found  at  Sandlodge  in  Mainland,  one  of  the 
Sbetlands  ;  atLandidnoin  Caetnarvonahiie ; 
and  in  the  mines  of  Arendal  m  Norway. 

h.  Compact  fnalacfiiie.  Colour  emerald, 
green.  Massive,  iniitetive.  and  in  fouri«ded 
prisms.     Glimmering  and  silky.     Fxactuve 
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^niaU  grained  uneven.  Opatjue.  Sireuk  pale 
^i-cen.  8p.  gr.  3-65.  In  vcms,  *lnch  tra- 
vcnsc  dlfllreiit  rocks  iii  Coriiwiill.  Norway,  &c. 
litQxcn  cvjfjKr  from  Ilxndostan  U  plactfl  after 
this  iiiliicralby  Profcsaor  Janjeson.  Its  colour 
i.s  dark  blackii^h-brown.  Massive.  Soft.  Sp.  gr. 
"2  62.  It  cfFervoiL-cs  in  acids,  Icttinj;  fall  a  red 
powder.  Its  constituents  aie,  carbonic  acid 
lf»-7»  dtutoxidc  of  copper  (IO-75,  dtutoxide  of 
iron  ly-6,  silica  21.— Z)/-.  Thonum, 

7«      Copper-ffrcctu 

Common  copper  ffreen,  at  chrysocolla,  con- 
tain:! three  sutHspedes. 

a^  CcHchoUlal  citppt'.r-grccH.  Colour  ver- 
digris-green. Ma«:sive,  1»»itative,  and  incrusU 
ing-  Glistening.  Fracture  con choidal.  Traris- 
luccnL  Harder  tlian  gypsum.  Kasily  frangi- 
ble.  Sp.  gr.  2*0  to  2-2.  It  becomes  black 
and  then  brown  before  ibc  blowpipe,  but  docs 
not  fuse.  It  melts  and  yields  a  metallic  glo- 
bule  with  borax.  Its  constituents  are,  copper 
40,  oxygen  10,  carbonic  acid  7?  water  17» 
silica  2(i. — KhprotTu  It  accompanies  mala- 
chite.     It  is  found  in  Cornwall,  &c. 

SUicvous  coppery  or  kicscikupfery  is  a  varie- 
ty o£  the  above.  Colour  asparagus-grccn.  In 
cni«ts.  Uli^ning.  Fracture  even  or  earthy. 
Opaque.  Soft  Its  constituents  are,  coi){)cr 
37. a,  oxygen  8,  water2l>8,  silica  29,  sulphate 
of  iron  3. 

b,  Karthy  iroH'^iot  coppcr^ffiecu.  Colour 
olive-green.  Massive,  and  in  crusts.  Friable. 
Opaque.     Scctile. 

c.  Slaggy  irott-^hot  copper-green.  Colour 
blackiah^^rcen.  Massive.  Glistening.  Frac- 
ture con^oidal.  Opaque.  Soft.  E^y  fran- 
gible. It  is  probably  a  compound  of  conchoi- 
4al  cppper-gxeeo  and  oxide  of  iron.  Both 
occur  together,  and  pasi  into  each  other.  It 
occurs  in  ComwalL,  along  with  olivenite. 

&  PrUmtUic  vHrioly  blue  vitriol^  or  tuU^ 
phaie  of  copper.  Colour  dark  sky-blue.  Mas- 
sive,  imitative,  and  crystallized.  The  primi- 
tive figure  is  an  oblique  fbur-sided  prism,  in 
which  the  lateral  edges  are  V2AP  2^,  and  b^ 
^ ;  with  edges  and  angles  often  truncated. 
Shining.  Cleavage  double.  Fracture  con- 
choidaL  Translucent.  Harder  than  gypsum. 
Sp.  gr.  2*1  to  2*2.  Taste  nauseous,  bitter, 
and  metallic.  Its  solution  coats  iron  with 
uietaUic  copper.  Its  constituents  are,  oxide 
of  copper  32-13,  sulphuric  add  31-57,  water 
36-3. — Berzelius,  It  occurs  along  with  cojp. 
per  pyrites,  in  Pair's  mine  in  Anglesca,  and  m 
Widilow. 

9.  Prismaik  olivetnUy  or  pfu>»p1iatc  of 
copper.  Colour  emerald-green.  Ala-ssive,  and 
in  oblique  four-«ided  prisms  of  1 10^.  Cleav. 
age  double  oblique.  Glistening.  Fracture 
splintery.  Opaque.  Streak  venligris-green. 
As  haid  as  apatite.  Brittle.  Sp.  gr.  4  to  4-3. 
Fuses  into  a  brownish  globules.  Its  consti- 
tuents are,  oxide  of  copper  68-13,  phosphoric 
MU  30-9u.  It  is  ibund  at  Vimebcrg  on  the 
Rhine,  along  with  quartz,  rid  copper  ore,  &c. 

10.  DiprUmaiic  oHveniUy   or  kntkular 


copper.  Colour  sky-blue.  Massive,  but  ge- 
nerally crystallized.  In  very  oblique  four- 
sided  prisms,  bevelled ;  in  reclanguUr  double 
four-sided  pyramids;  shining;  fracture  un- 
even; translucent.  Ilard.r  than  gypsum. 
Brittle.  Sp.  gr.  2-85.  Converted  by  the 
blowpipe  into  a  black  friable  scoria.  Its 
constituents  are,  oxide  of  copper  49,  arsenic 
acid  14,  water  33.— CAcikjvu-.  Found  in 
Cornwall. 

Jl.  Acicular  olive nile.  0.  Radiated  or 
atprcous  arscniatc  of  troti.  « Colour  dark 
verdigris-green.  Massive,  imitative,  and  in 
flat  oblique  four-sided  prisms,  acuminated  or 
truncated.  Lustre  glistening  pearly.  Trans- 
lucent on  the  edges.  As  bawl  as  calcareous 
spar.     Brittle.     Sp.  gr.  3-4. 

h.  Foluitrd  acicular  nJivenUe  ;  arseniaUof 
copper.  Colour  dark  olive  green.  In  an- 
gnlo-gi-anular  concretions,  and  in  small  crys- 
tals; which  are  oblique  four-sided  prisms; 
and  acute  double  four-sided  pyramids.  Glis- 
tening. Fracture  conchoidal.  Translucent. 
Streak  olive-green.  As  hard  as  calcareous 
spar.  Brittle.  Sp.  gr.  4-2  to  4-«.  It  boils, 
and  j;ivcs  a  hard  rcddish-brown  scoria  before 
the  blowi)Ji)e.  Its  constituents  are,  oxide  oi 
copper  00,  arsenic  acid  39-7.—  Chenevix.  In 
the  copper  mines  of  Cornwall 

c.  Fibrous  acicular  olivcniie.  Colour  olive- 
green.  Massive,  reniform,  and  in  capillary 
and  acicular  oblique  four-sided  prisms.  Glis- 
tcning  and  pearly.  Opaque.  As  hard  as  calc- 
spar.  Brittle.  Fibres  sometimes  flexible.  Streak 
brown  or  yellow.  Sp.  gr.  4-1  to  4-2.  Its 
constituents  are,  oxide  of  copper  50,  arsenic 
acid  29,  water  21.     It  occurs  in  Cornwall. 

d.  Earthy  acicular  olivcniie.  Colour  olive- 
green.  Massive  and  in  crusts.  DuU.  Frac- 
ture fine  eardiy.  Opaque.  Very  soft  It  is 
found  in  ComwalL 

12.  AtacamitCy  or  muriate  of  copper. 

a.  Compact.  Colour  leek  .green.  Massive, 
and  in  short  needle-sliaped  crystals,  which  arc 
oblique  four-sided  prisms,  bevelled  or  trun- 
cated.  Shining  and  pearly.  Translucent  on 
Uic  edges.  Soft.  Britde.  Sp.  gr.  4.4  ?  It 
tinges  the  flame  of  the  blowpipe  of  a  bright 
green  and  blue,  muriatic  add  rises  in  vapours, 
and  a  bead  of  copper  remains  on  the  charcoal. 
It  dissolves  without  efltrvescence  in  nitric 
acid.     Its  constituents  are,  oxide  of  copper 

730,  water  lG-9,  muriatic  acid  10-1 Klap- 

roth.    It  occurs  in  veins  in  Chili  and  Saxony. 

b.  Arenaccout  atacamitey  or  copper  sand. 
Colour  grass-green.  In  glistening  scaly  par- 
tides.  It  docs  not  soil.  It  is  iranslua^nt 
Its  constituents  are,  oxide  of  copper  63,  water 
12,  muriatic  acid  10,  carbonate  of  iron  1, 
mixed  siliceous  sand  II.  It  is  found  in  the 
sand  of  the  river  Lipcs,  200  leagues  beyond 
Copiapu,  in  die  desert  of  Atacama,  whidi 
separates  Chili  from  Peru. 

13.  Copjtcr  yifritcs. 

a.  Octoltcdral  copper  pt/rHes,  On  the 
ficbh  fracture,  its  colour  is  braw-ycUow ;  but 
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It  U  usoaUy  tumiiJicd.  MaMiTe,  imitative, 
and  cryttaUized ;  in  a  Ngubr  octohedrao, 
perfect,  truncated  or  bi  veiled ;  and  in  a  pec 
feet  or  truncated  tetrahedron.  Glistening. 
Fracture  uneven.  HardncM  from  calcareoua 
to  fluor  tpar.  Brittle.  Sp.  gr.  41  to  4>8. 
Before  the  blowpipe,  on  charcoal,  it  decrqpi. 
tates,  emit*  a  greeninh-ooloared  sulphureous 
smoke,  and  melts  into  a  black  globuie,  which 
assumes  metallic  lustre.  It  tinges  borav 
green.  I*s  constituents  are,  copper  30,  iron 
53,  sulphur  l2,~'Chenevix,  It'  oontahis 
sometimes  a  little  gold  or  silver.  It  occurs  in 
an  the  great  classes  of  rocks.  It  is  found  near 
Tynedrum  in  Perthshire;  at  the  mines  of  £c 
ton;  at  Pary*s  mountain;  abundantly  in 
Cornwall ;  and  in  the  county  of  Wicklow  in 
Irdand.  The  rich  ores  are  worked  for  cop- 
per ;  the  poor,  for  sulphur. 

(.  Tetrahedral  copper  pyritet;  of  which 
gpedes  there  are  two  sub-species,  gray  copper 
and  black  copper. 

Gray  copper.  Colour  steel-gray.  Alas* 
sive  and  crystallized.  In  the  tetrahedron, 
truncated  or  bevelled ;  and  in  the  rhomboidal 
dodecahedron.  SplendenL  Fracture  uneven. 
Hardness  as  calcareous  spar  and  fluor.  Brit- 
tle. Sp.  gr.  4-4  to  4-9.  Its  constituents  are, 
copper  41,  u:on22-5,  sulphur  10,  arsenic  24*1, 
silver  0-4. — KlaproUu  It  occurs  in  beds  and 
veins  in  Cornwall,  and  many  other  places. 

Black  copper.  Colour  iron-blacL  Massive 
and  crystaUixed ;  la  the  tetrshedron,  perfect, 
bevdlol,  or  truncated.  Splendent.  Fracture 
cjnchoidaL  Brittle.  Spec  grav.  4.85.  Its 
constituents  are,  copper  38,  antimony  19.5, 
.sulphur  26,  iron  7-5,  mercury  6.25 — Ktaproih, 
The  mercury  is  accidental.  It  occurs  in  veins 
in  the  Harts,  and  in  Peru. 

14.  WJiUe  copper.  Colour  between  silver. 
wliite  and  brass-yellow.  Massive  and  disse- 
minated. Glistening  and  metallic.  Fracture 
uneven.  Senii-hord.  Brittle.  Spec  grav.  4.5. 
It  yielils  before  the  blowpipe  a  white  arsenical 
v^Mur,  and  melts  into  a  grayish-black  slag. 
It  contains  40  per  cent,  of  copper,  the  rest 
being  iron,  anicnic,  and  sulphur.  It  occurs 
in  primitive  and  transition  roots.  It  is  found 
in  Cornwall  and  Saxony. 

15.  Copper -glance^  or  viireout  copper. 
Hliomboldal  copper  .glance, 

§  1.  Compact  Colour  blackish  lead-gray. 
M^issive,  in  plates  and  crjrstallizjd.  Primitive 
form,  a  rhomboid.  Secondary  forms,  a  low 
equiangular  six-sided  prixm,  and  a  double  six- 
sided  pyramid.  Glistening,  metallic.  Harder 
than  gypsum.  Perfectly  scctile.  Ilather  easily 
frangible.  Spec.  grav.  5.5  to  5.8.  Its  consti- 
tuents are,  copper  784)5,  iron  2.25,  sulphur 
18.6,  silica  0.75. — Kuiproth. 

§  2.  Foliated.  Its  constituents  are,  copper 
79.5,  sulpliur  19,  iron  0.75,  quarts  1.  ~  UU~ 
nutHfu  It  occurs  in  primitive  rocks.  It  b 
found  also  in  transition  rocks,  atFassncy-bum 
in  JBast-Lothiun;  in  Ayrshire;  at  Middleton 
Tyas  in  Yorkshire;  in  ComwaQ,  &c 


Id.  Variegaiei  cupper* 
copper-red  and  pindibedt-bRMni. 
in  plates,  and  crystalliied  in  six  sidrd  i 
Glistening,  metallic.  Soft.  Easlj  fisoigihle. 
Spec.  grav.  6.  It  is  fusible,  baft  nst  mo  tmBj 
as  copper-glanoe,  into  a  globule,  vkock  aeis 
powerfully  on  the  magnetic  needle.  Its  cob* 
stitttcnts  are,  copper  00.5,  awTphnr  19,  ibdd 
7^,  oxygen  4.'^Klaprotk,  It  oecois  m 
gneisa,  niica  slate,  &&>  It  b  foood  in  Cma* 
wall. 

VII.  Gold  Ores. 

1.  Hejcahedralf  or  native  gtltL 

a.  Gold^yeUow  native  gold*  Golcmr  per- 
fect gold-ydlow.  Disaeminated,  in  gnina, 
and  ciystallised;  in  the  octobedion,  pcrfsct 
or  truncated ;  in  the  cubo-octobedrao  ;  in  the 
cube,  perfect  or  truncated ;  in  the  double  cigkt- 
sidcd  pyramid ;  in  the  tetrshedmi,  and  iImiid- 
boidal  dodecahedron.  Splendent.  Praccme, 
fine  hackly.  Soft  Diffieoltly  frugilile. 
Malleable.  Spec.  grav.  from  17  to  19,  ssid 
so  low  as  13.  Fusible  into  a  globule.  It  is 
gold  with  a  very  minute  portioo  of  aSvcr  aid 
copper.  It  occurs  in  many  vo^  dHfeicnt  locks; 
and  in  almost  every  country.  See  an  eztes- 
sive  enumeration  of  localities,  in^  Jamesea's 
Mineralogy. 

A.  Brast-yclhw  native  goUL,  oocms  capa. 
lary ;  in  octohedroos,  and  in  siaL-aided  taUes. 
Spec  grav.  12.713.  Its  constituents  aas,  gold 
96.9,  sUver  2,  iron  1.1.  It  is  found  in  ths 
gold  mines  of  Hungary,  in  Siberia,  &c 

c.  Grayish  ^.yelSm  native  goid.  G 
bmss-yellow  verging  on  sted^^iay.  In  t 
flattish  grains.  Never  crystalfiaed.  It  is  and 
to  contain  platina.  It  is  tatfaer  denser  tfiaa 
the  last  It  occurs  along  with  phtiaa  and 
magnetic  iron-ore  in  South  Amezia. 

d.  Argentifettma  gold,  or  eieclrmmu  Co- 
lour pale  brass-yellow.  In  small  plates,  and 
imperfect  cubes.  Its  constituents  are,  64  goU, 
36  silver.  It  occurs  along  with  massive  heavy 
spar  in  Siberia.  Klaproth  says,  it  is  acted  on 
neither  by  nitric  nor  nitto-mnriatic  aci<L  See 
Tellukivm  Ores. 

VIII.  Ikidium  O&s.    Colour  pakwsteel 

E«y.  In  very  small  irregular  flat  grams, 
ustre  shining  and  metallic.  Fractaie  ftli- 
ated.  Brittle.  Harder  than  pbdna.  ^m. 
grav.  19.5.  By  fusion  with  nitre,  it  aoquim 
a  dull  bladt  colour,  but  recovers  its  onnnal 
colour  and  lustre,  by  heating  with  chareeil  It 
consiits  of  iridium,  with  a  portion  of  osminm. 
It  occurs  in  alluvial  soil  in  South  America, 
along  with  platina.—  WoUaetmn. 

IX.  Iron  Ores. 

I.  Native^  or  octokedral  iron* 

a.  Terrestrial  native  iron.  Colour  steel. 
I^y.  Massive,  in  plates  and  leavca.  Glisisn- 
ing  and  metallic.  Fracture  hackly.  Opaqac^ 
Malleable.  Hard.  Magnetic  ItscoastiCQ- 
ents  are,  iron  92.5,  lei^  6,  copper  I.5.— 
Klaprot/i.  It  is  found  with  brown  inia-«iQae 
and  quarts  in  a  vein,  in  the  mountain  of  OuBc, 
in  the  vicinity  of  Grenoble,  &c. 
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ft.  MeteoHe  ntitive  iron.  Gokmrpiiirkteel- 
gfsyi  inelinifig  to  silver. wlute.  Oenenlly 
cuvcitfcl  with  ft  thin  bromush  crmt  of  oxide  of 
iron.  H  oocnni  ramose,  imperfect  globolur, 
and  disseminated  in  meteoric  stones.  Surface, 
amiiodi  and  glistening.  Internally,  it  is  inter. 
mediate  between  gHmmerIng  and  listening, 
and  the  lustre  is  metallic.  Fiacture  hackly. 
f^ra|i^enti  blunt^edged.  Yields  a  splendent 
streak.  Intermediate  between  sofk  and  semi, 
hard.  Malleable.  Flexible,  but  not  elastic. 
Very  difficultly  frangible.  Hpec.  grav.  7-675- 
Its  constituents  are— 

Afrram.  Arctic.  Mpx?po.  Slhcriii. 
Iron,  965  07  9«-75  90*54 
Nickel,      »5         3         3-25         946 

1000  100  10000  10000 
KUtpr*  Brande.  KUtpr,  ChUdrm, 
The  AmerioBD  native  iron  contains  0.10  of 
nickel;  the  Siberian  0.17;  and  the  Sene- 
gambian  4».05  and  OM.-^Howard.  It  ap. 
peart  to  be  formed  in  the  atmosphere,  by 
some  process  hitherto  unknown  to  oa.  See 
M6TX<mo£lTE,  andJafn«MMi*«  Mineralogif, 
iiL  p.  101. 

II.  Iron  are, 

a>  Oetohedral  irtm  ore,  of  which  there  are 
three  kJDdsL 

§  1.  Common  magnetic  iron  Ore,  Coloar 
iieR.bladi:.  Massive,  in  granular  concretions, 
and  crystaUiad ;  in  the  octohedron,  truncated, 
bevelled,  and  cuneiform  4  rhomboidal  dode. 
cahedron;  rectangular foar.sided prism;  cube; 
tetrahedron ;  equiangular  six.sided  table ;  and 
twin  crystal.  Splendent  and  metaUia  Cleavage 
lbarf<M.  Fracture  uneven.  Streak  black. 
Haider  than  apatite.  Britde.  Spec.  grav.  4.8 
to  5.2.  Highly  magnetic,  with  polarity.  Be- 
fore  the  blowpipe  it  becomes  brown,  and  does 
not  melt;  it  gives  glass  of  bon.x  a  dark  gieen 
cokwr.  Its  eonstitnents  are,  peroxide  of  Iran 
#9,  protoxide  of  iron  3L-.lltfr2e/icw.  It  oocun 
ih  beds  of  great  magnitude,  in  prlmidve  rocks, 
atUnst;  at  St  Just  in  Cornwall ;  atArendal 
in  Norway,  &c.    It  affords  excellent  bsr.iron. 

§  2.  Granular  magnetic  iron  ore^  or  irou" 
,tand.  Colour  veiy  dark  iron. black.  In 
small  grains  and  oetohedral  crystals.  Olim. 
mering.  Fractnro  conchoidaL  Brittle.  Streak 
black.  Spec.  grav.  4  6  to  4.8.  Magnetical 
with  polarity.  Its  constituents  are,  oxide  of 
iron  fl^5,  oxide  of  titanium  14,  oxide  of  man. 
ganese0«5. — Klaproih,  It  occurs  imbedded 
m  bssalt,  &c  It  is  found  in  Pifcshite,  inthe 
Isle  of  Skye,  in  the  river  Dee  in  Aberdeen, 
.shire,  &C. 

§3.  Earthy  magnetic  iron  ore.  Colour 
bhM-Uadc  In  blunt^ged  rolled  pieces. 
Ban.  Fracture  ihie  grained  uneven.  Opaque. 
Soft.  Streak  blacky  shining.  Soils.  Sectile. 
It  emits  a  faint  clayey  smell  when  breathed 
on.  Sp.  gr.  2*2.  It  occurs  in  die  iron  mines 
of  Arendal  in  Norway. 

A.  RhomboitUtkiron  ore;  of  which  Uierv'  aie 
three  sab-spcdes. 


§  1.  SpeeuUr  iron  orv,  iron  glance^  fxfit 
oilgiste  of  the  French.  Of  this  there  are  two 
kinds,  the  common  and  mieaeeoaa.  ComfnoK 
specular  iron  ore.  Colour  dark  steeljRay. 
Massive,  diiseminated,  and  cryMallized.  Prim* 
fbrm,  a  rhomboid,  or  doable  thiee.8ided  pyra. 
mid,  in  which  the  angles  are  87^  9',  and  98* 
51'.  The  secondary  ^fures  are,  the  primitive 
form  variously  bevdled,  truneated,  and  acu. 
mlnated ;  the  flat  rhomboid ;  equiangular  six* 
sided  table ;  low  equiangulw  six-sided  prism ; 
and  very  acute  8ix-«ided  pyramid.  Luatre, 
^lendent  metallic.  Ckavage  threefold.  Frac- 
ture imperfect  oonchoidaL  Streak  dierry.red. 
Hardness  between  felspar  and  quartz.  Rather' 
difficultly  frangible.  8p.  gr.  5*2.  Magnetic 
in  a  slight  degree;  Its  constituents  are,  red- 
dish.brown  oxide  of  iron  94418,  phosphate  of 
lime  2.75,  magnesia  0.16,  mineral  oU  1.25  ? 
'^Hitinger.  It  occurs  in  beds  in  primitive 
mountains.  It  is  found  at  Cumberbead  in 
Lanarkshire ;  at  Norberg  in  Westmannland, 
in  Norway,  &c  It  affords  an  excellent  mal- 
leable iron. 

Micaceous  specular  iron  ore.  Colour  iron- 
black.  Massive,  disseminated,  and  in  small 
thin  six-sided  tables,  interseethig  one  another 
so  as  to  form  cells.  Splendent,  metallic. 
Cleavage  single  curved-foliated.  Translu- 
cent in  thin  plates.  Streak  cherry-red.  As 
bard  as  the  above.  Most  easily  frangible. 
Spec  grav.  5.07.  It  slightly  afiects  the  mag. 
net.  It  is  peroxide  of  iron.  It  occurs  in  beds 
In  roica-slate.  It  is  found  at  Dunkeld  and 
Benmore  in  Perthsbiro;  in  several  parts  of 
England  and  Norway>  ftc.  The  iron  it  affords 
is  sometimes  cold  short,  but  is  well  fitted  for 
cast  ware.  It  is  characterised  by  its  high  de- 
(p-ee  of  lustre,  openness  of  its  cleavage,  and 
easy  fraagibillty.  It  affords  fiom  70  to  80 
per  cent  of  iron. 

§  2.  Red  iron  ore  $  of  whidi  there  are  fbur 
kinds,  the  scaly,  ochry,  compact,  and  fibrous. 

Sealf/  red  iron  ore,  or  red  iron  froth.  Co- 
lour dark  stoeKgray  to  browniKh-rod.  Friable, 
and  consists  of  s«fmi. metallic  shining  scaly 
parts,  which  are  sometimes  translucent  and 
soil  strongly.  It  constituents  are,  iron  66; 
oxygen  28.5,  silica  4.25,  alumina  1.25  — 
Henry.  Bnt  Bucholz  found  it  to  be  a  pure 
red  oxide  of  iron,  mixed  with  a  little  quartz 
sand.  It  occurs  in  veins  in  primitive  rocks. 
It  is  found  at  Ulverstooe  in  Lancashure;  in 
Norway,  Ac, 

Ochry  red  iron  ore^  or  red  ochre.  Colour 
brownish  red.  Friable.  Dusty  dull  particles. 
Soils.  Streak,  blood.red.  Kasily  frangible. 
Spec.  grav.  2.947>  It  occurs  in  veins;  with 
the  preceding  ore.  It  mel!a  more  easily  than 
any  of  the  oSier  ores  of  this  metal,  and  affords 
excellent  nudleable  iron. 

Compact  red  iron  ore.  Colour  between 
dark  steel-gray  and  blood-red.  Massive,  and 
in  supposititiouH  crystals;  wliich  arc  an  acute 
double  six-sided  pyramid  from  calcareous  spar; 
and  a  cube  from  finer  spar  and  iron  pyrites. 
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Lttstte  mctallio.  Fmttan  even.  Streak  pale 
blood-red.  SmSky  (ttMgjkUe,  ^pec.  giavity, 
433SL  When  poK  it  does  not  affisct  the  mag. 
net  Its  oonscitueBts  Me,  oxide  of  iron  70-d  ? 
QXjr^cn  29l6?— HucAob.  It  ooeuxs  in  beds 
and  veins  in  gneiss,  &c  It  affords  good  bar 
and  cast-iron. 

Fibrout  red  won  orCy  or  red  hemaiite-  Co- 
lour between  broimish.red  and  dark  sted-gnf. 
Massive,  inutatiTe,  and  in  suppositidons  don- 
Ue  six-sided  pyramids  ftom  calcaxcoos  spar. 
Oliatening,  senu-metaUic  Opaque.  Strcak 
bkiod.rcd.  Brittle.  Spec,  gravity  4.74.  Its 
constitiientB  are,  90  oxide  of  iron,  silica  2,  lime 
I,  water  X^-DeMbminon.  It  occurs  with  the 
compact  It  affords  excellent  msUeable  and 
cast-iron.  Its  powder  is  used  for  polishing 
tin,  silver,  and  gold  vessds,  and  for  colour, 
iog  iron  brown. 

$  3.  Red  clay  irom  we  or  tUme  ;  of  which 
the  varieties  are,  the  ocfary,  the  oolumnar,  the 
lenticular,  and  jaspcry.  The  first  is  used  for 
red  crayons,  and  is  called  red  chalk.  It  occurs 
in  Hessia,  &c.  The  second  consists  of  50 
oxide  of  iron,  13  water,  32  silica,  and  7  alu. 
niirau~J?fOce/ii.  It  is  rare,  and  ia  called  a 
peeudo-vokanic  product  It  affords  excellent 
iron.  It  confluts  of  oxide  of  iron  64,  alumina 
23,  silica  7*6,  water  6.  The  jaspcry  is  found 
in  Austria. 

c,  PritmaUc  iron  ore,  at  brov^  irtm  ttone. 
Of  this  we  have  four  sub.species. 

§  1.  Ochrff  brown  inm  ore  YeUowiah* 
brown.  Massive;  duU.  Fracture,  earthy; 
soils.  Softt  sectile.  lu  constituents  are, 
peroxide  of  iron  83,  water  12,  silica  6.  It 
ooeurs  with  the  following. 

§  2.  Compact.  Colonr  passes  to  dove-brown. 
Massive,  and  in  soppoaititioas  crjrstals  from 
pyrites.  DulL  Brittle.  Sp.  gr.  3  to  3-7- 
It  contains  84  peroxide  of  iron,  11  water,  anid 
2  silica.  It  affinds  about  60  per  cent  of  good 
bar  iron. 

$3.  FibrouM.  Glove4nown.  Imitative; 
and  in  supposititkwB  crystals.  Splendent  ex. 
tcrnally.  Olimniering  internally.  Opaque. 
Haider  than  apatite.  Brittle.  Sp.  gr.  3-9. 
Streak  pale  yeIlowish4irown.  Its  constituents 
are,  80-26  oxide  of  iron,  16  water,  3*76  silica. 
•^VauqueHn* 

The  preceding  snb-speeiea  occur  most  fn* 
quently  in  transition  and  secondary  mountains. 
They  are  found  in  veins  in  sandstone,  along 
with  heavy  spar,  at  Cumberhead  in  Lanark- 
shire, &C.  They  melt  easUy,  and  affoid  fhim 
40  to  60  per  cent  of  good  bar,  but  indifferent 
castaron.    Good  sted  may  be  made  from  it 

$  4.  Brown  day  iro*  ore;  of  which  there 
are  five  kinds,  the  oonmion,  the  pisiform,  the 
reniform,  the  granular,  and  umber. 

The  Jint  occurs  massive ;  has  a  flat  oon- 
choidal  fiwcture ;  a  brown  streak;  andissofL 
It  contains  69  oxide  of  iron,  3  manganese,  13 
water,  10  silica,  and  3  alumina.  The  second 
has  a  ydlowish-brown  colour.  It  occurs  in 
^mall  solid  spherical  grains,  oompoaed  of  con* 


centric  conceetkms.  Spw  gr*  3-14^  U 
sists  of  48  oxide  of  iron,  31  ahimina,  15  ailica, 
and  6  water*— Fdn^iMlm.  It  is  foond  m  faoJw 
lows  in  shdl  limestone,  at  Galston  in  Ayr. 
shire,  &C.  It  yields  frtan  40  to  60  percent 
of  iron ;  and  in  Dalmada  it  is  used  na  amafl 
shot  The  tlUrd  has  a  yellowiah-bioani  €0- 
lour.  Massive,  and  imitative ;  in  ooocentnc 
lamellar  concretions,  which  ofken  mrlndr  a 
loose  nodule.  Olimmering.  Sectila  Itaooo. 
stituents  are,  peroxide  of  iron  76,  wmta  14, 
sUica  6,  oxide  of  manganese  2.  It  ooenis  in 
iron-shot  clay  in  secondary  rock&.  It  ia  famid 
in  East  and  Mid^Lotbian,  in  ColebBookdale, 
&c  It  yields  an  excellent  iron,  Tbejlmrlk, 
or  granular,  occurs  massive  ^nd  in  gnins. 
Frscture  thick  slaty.  Streak  yeUowsdi-JvtDwn. 
Soft  Brittle.  Sp.  gr.  3.  It  occurs  in  beds 
between  the  red  limestone  of  the  salt  finRna. 
tion,  and  die  lias  limestone.  It  is  found  in 
Bavaria,  France,  &c.  ItaflSxds  about  40  per 
cent  of  good  iron.  Fjfth^  Umber,  Colonr 
dbvcbiown.  Maasivew  DuU.  FVactvreliat 
oonchoidaL  Soft.  Sectile  SoUa  atrongl^ 
Feelsmeagre.  Adheres  strongly  to  tlie  tos^gne, 
and  readily  falls  to  pieces  in  water.  Sp.  y^ 
2'06.  It  OHisists  of  oxide  of  iron  48,  tixide 
of  manganese  20,  silica  13,  alumina  6,  i 
14. — Klaproth.  It  oocun  in  beds  in  the  i 
of  Cyprus.    It  is  used  as  a  pigment 

Bfl^  iron  ore  ia  arrsnged  as  a  varici^  of  the 
above.    There  are  three  kinds  of  It: 

§  1.  Meadom  «re^  or  friabie  b$g  iron  ore, 
GoJour  pale  yeUowifai.brown.  Fnabk.  DnlL 
Fracture,  earthy.  Soils.  Itfedsmw^pre,  bat  fine. 

§2.  Swempore^otinduraUdboginmore. 
Colour  dark  yeUowirift«farown.  Corroded  and 
vesicular.  DulL  Earthy.  Very  soft.  Sectik. 
Sp.  gr.  2*944. 

§  3.  Meadtm  ore,  at  eoncMoidal  bog  wvn 
ore.  BlacUsh-brown.  Massive,  and  tobe^ 
rose.  Olistening.  Fracture,  small  conchoida]. 
Streak  yellowuh.gmy.  Soft.  Sp.gr.  2-6.  Its 
oonstitoenta  are,  oxide  of  iron  08,  oxide  of 
manganese  1*6,  phosphoric  add  8,  water  23. 
'^Klaproth.  By  VauqueUn's  experiuMnte  it 
seems  to  contain  also  cfavome,  macnesia,  nlics, 
alumina,  and  Ume ;  zinc  and  lead  are  likewise 
occasionally  present  It  bdongy  to  n  reecat 
formation,  Werner*s  ingenious  theory  of  which 
is  given  by  Prafouor  Jameson,  vi^  xiii.  p. 
247.  It  is  found  in  the  Uigfahmds  of  Scou 
land,  in  Saxony,  &c  The  second  is  moit 
easily  reduced,  and  afiords  the  beat  inav 

FUchp  iron  ore  may  also  be  placed  here. 
Its  oolour  is  bladcislwfarown.  Msasive.  Glis- 
tening. Fracture  flat  oonchoidaL  TransluoeDt 
on  the  edges.  Hard.  Streak  yeUowidi.gray. 
Brittle.  Sp.  sr.  3-682.  Its  constitnenti  are, 
phosphoric  aad  27,  manganese  42;  oxide  of 
Iran  31. — VamqueHn,  It  occurs  near  Limoges 
in  France. 

Iron  Hnter.  Colour  brown.  Massive  and 
imitative.  Olistening.  Fracture  flat  onfhaitisl. 
Transhwent  Soft.  Brittle.  Sp.gr.  2*4«  Its 
constituents  are,  water  25,  oxide  of  iron  C7> 
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sulphuric  add  8.— f/oproiA.  It  occun  in 
the  gallerifit  of  dd  minei  in  Saxony  aixl 
Silesia. 

III.  Iron  pyrites. 

§  1.  ffcjtahedral  or  common  iron  pyrites. 
Colour  pcfffeet  bronae-ydlow*  Massive^  imU 
tatiTc,  and  crystallised;  in  cubes,  Taxionaly 
bcrellad.    Lualie  ftom  specular-splendenc,  to 

S  listening  and  metallic.   Cleavage  nexahediaL 
^nctutt  uneven.    Harder  than  felspar,  but 
softer  than  quarta.    Brittle.    When  mbbei 
it  emits  a  strong  sulphureous  smelL    6p«  gr. 
4-7  to  6.    It  bnma  with  a  bluish  flame  and 
salphusaous  odour  before  the  blowpipe.    It 
afterwards  changes  into  a  brownisb-oolourBd 
alobule,  which  ia  attractiUe  by  the  magnet 
Its  oonstituenta  are,  sulphur  62*6,  iron  47  6«-^ 
HmicfuiU    Siiver  and  gold  are  occasionally 
praacBU    It  occurs  in  teds  in  varioua  moun. 
taine.    It  is  worked  for  sulphur  or  copperas. 
§2.  FfinuUie  iron  ffyrite*. 
4i.  RadkOed  pyrUet.    Colour  pale  bronie. 
▼dlow.    Most  usoally  imitative,  or  oystaL 
Uned.    Primitive  fivm,  is  an  obtkroe  fosrw 
aided  prisoo,  in  which  the  obtuse  angle  b  1O0» 
3(r.  Secondary  fonns  are,  the  above  variously 
bevdled)  and  the  wedge-ahaped  doaUe  fbur- 
aided  pyamid.    Harder  than  felspar.    8p.  ga. 
4*7  to  6*0.   Its  constituents  are^  sulphur  63*61, 
iiOD  4/^i, — HatehiU,    It  is  much  rarer  dian 
the  pteeeding.    It  is  found  in  ComwaU,  Isle 
of  Sheppy,  && 

h.  HepaAc  or  Uver  pyrites.  Colour  pale 
hrass-ycuow.  Massive  and  imilative.  Ohm. 
mering  and  meiallir.  Fsactnie  uneven.  Sp^  or. 
4-834.  It  oocuia  in  veins  in  primitive  rocks. 
It  is  Ibnnd  in  Deibyshire,  &c 

c.  Cellular  pyritea.  Colour  faronie-yellow. 
Cellular.  Surface  of  the  cells  druay.  Fracture 
flat  conduridaL  It  occurs  in  veins  at  Johann. 
georgenatadt  in  Saxooy. 

d»  Spoar  pyriUt*  Colour  between  bronte- 
yellow  and  sted-gmy.  Grystalliaed  in  twin 
or  triple  cryatala.  Fracture  uneven.  It  occurs 
in  vdna  in  ptimidve  rocka,  asMciatfd  with 
brown  ooaL 

€,  Coektcomb  pyrites.  Colour  as  above. 
Crystdliied  in  double  four-sided  pyramida. 
Glistening  and  metallic.  It  occurs  in  Derby- 
shire. 

g  3.  Rhomboidal  iron  pyrites  or  magnetic 
pyrites, 

«.  Foliated  magnetic.  Colour  between 
brooscydlow  and  copper-ied.  Massive^  and 
aometimea  crystallized,  in  a  regular  six-sided 
priam,  truncated ;  and  in  a  aijL-sided  pyramid. 
Splendent  and  metallic  Sp.  gr.  44  to  4-fl. 
It  oepuTS  in  Saxony. 

h.  Compact  magneHe,  Same  cobmr.  Mas- 
live.  It  afieeca  the  magnede  needle.  Its 
coosdtusnta  are,  sulphur  3^6,  iron  63>6.— 
HaUAett  It  is  found  in  UaUoway  and  Caer- 
uanKUidiirc. 

IV.  Native  salt*  of  iron, 

tt.  The  Prufnatie  chromc^orc.    Colour  bc- 


tted-gray  and  iron-Uack.  Massittf, 
and  in  obUque  fbur-sided  prisms,  acuminated 
with  four  planes.  Luatie  imperfect  metallic. 
Fracture  small  grained  uneven.  Opaques 
Hardnesa,  between  apatite  and  fdspar.  Streak 
dark  brown.  Sp.  gr,  44  to  4>5.  Some  va- 
lietaea  are  magnetic,  others  not  It  is  bifnsible 
before  the  blowpipe  With  bans,  it  forms  a 
beautiful  green-coloured  masa.  The  oonati. 
taenia  of  the  Ftench  aie,  oxide  of  iron  34-7, 
oxide  of  ehrame  4S»  alumina  20-3,  aflica  2.-^ 
BaUy.  The  Siberian  contafais  34  oxide  of 
iron,  A3  oxide  of  chrome,  U  alnmina,  1  siUea, 
and  1  manganp«e. — Laugier*  It  occurs  in 
primitive  serpentine.  It  b  flmnd  in  the  islands 
of  Unst  snd  Fetlar,  m  Scotland ;  and  also  at 
PoitKiy  in  BanflUure.  In  considerable  quan- 
tity in  serpentine  on  the  Baro-hills  near  Baki. 
more. 

b.  Sparry  iron^  or  carbonate  of  iron,  Co- 
lour  pale  yeUowish-oay.  Massive,  dissemi^ 
nated  and  crystsllixed.  The  poimidve  foim  is 
a  ifaomlKiid  of  107<^.  The  foHowiag  are  aome 
of  the  secondary  forma  :•— the  primidve  ihom- 
boid,  perfect  or  truncated;  a  sriU  flatter  rhom- 
boid; the  spherical  lendcnlar  fbmti  tfaeaad- 
dlemhaped  Icna ;  the  equiangnla^  six-aided 
prism.  Glistening  and  peariy.  Cleavage 
threefold.  Fmctuke  foliated.  Tnmsluoenton 
the  edges,  or  opaque.  Streak  white  or  yellow- 
ish-brown.  Haider  than  calcareoua  spar.  Sp. 
gr.  3*6  to  3*9.  It  blackens  and  beoomca  mag- 
netic before  die  blowpipe.  It  efierveaces  with 
muriatic  acid.  Its  constituents  are,  oxide  of 
iron  67*6,  carbonic  acid  36,  oxide  of  manga- 
nese 3-6,  lime  1*26.— -Jns/miift.  It  occun  in 
vdns  in  granite,  and  in  limeatoneh  In  small 
quantities  in  Britain.  In  great  quantity  at 
Sefamalkaldenr  hi  Hessia.  It  afibrda  an  iron 
weQ  suited  for  malting  steel. 

c.  HMomboidalvkHolyatgreenviirioL  Co. 
kmremerald^jreen.  Primitive  fonn  of  the  ay. 
stala  is  a  rhomboid,  witii  edgea  of  8l<»  23^  and 
d9»a7';  and  plane  angles  of  lOO^  l<K  and 
79^60'.  VhieouaorpMriyhiatre.  Cleavage 
threefold.  Fracture  flat  conchoidaL  SenS- 
tranaparent.  Refhwu  double.  Aa  hard  as 
gypsnm.  Sob  gr.  1-9  to  2^.  Taste  sweetiafa, 
stj^ptic,  and  metallic.  Before  the  blowpipe, 
on  diareoal,  it  becomes  magnetic  lis  con- 
stituents are,  oxide  of  iron  26*79  sulphuric 
add  28-9,  water  45-4^iler2elita.  It  results 
from  the  decomposition  of  iron  pyrites. 

d.  ArseniaU  of  iron.    See  Cube  Oec. 

e.  Blue  iron,  oit  phosphate  of  iron* 
PritmaiicMue  iron, 

§  1.  Foliated  blue  iron,  Cokmr  dark  hi- 
digo-blue.  Primitive  form  an  obliqne  iboiw 
rided  prism.  The  secondary  forms  are,  a 
broad  rectangular  four-sided  prism,  truncated  $ 
and  an  ei^t.4dded  prism.  Shining.  Cleavage 
straight,  single.  Trenslueent.  As  hard  aa 
gypsum.  Streak  paler  blue.  Scctile,  and 
easily  frangible.  Iflcxible  in  thin  pieces.  Sp^ 
gv.  2*3  to  3.0.    Its  constituents  are,  oxide  of 
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hon  4125,  nhoaphoric  add  19-25,  water  31-25, 
iron-sboc  tuicft  1-25,  alumina  5. — Four  crop 
and  Laugier,  It  oocun  in  St.  Agues'^  in 
CornwaU. 

§  2.  Ffbroui  bitie  iron.  Colour  indigo- 
blae.  Maimve,  and  in  ddtcate  fibrous  con- 
cretsona.  Otimmering  and  ailky.  Opaque. 
Soft.  It  occurs  in  syenite  at  Suvera  in 
Norway. 

§  3.  Earthy  blue  irwu  Colour  as  abova 
Friable,  and  in  dusty  particles.  Soils  slightly. 
Rather  iigfat  Before  the  blowpipe  it  loses  its 
Uue  oolonr,  becomes  reddish-brown,  and  lastly 
mdts  into  a  Uack-coloured  slag,  attractible 
by  the  magnet,  its  constituents  ait,  oxide  of 
iron  47,  phosphoric  add  32,  water  2a^ 
Klaproth.  It  occurs  in  nests  in  day-beds. 
In  several  of  the  Shetland  islands,  and  in  river 
mud  at  Toxtcth,  near  LiverpooL 

4.  TnngsUaeo/iroH,  See  Ores  of  TuKO- 
«TEir. 

5.  Bine  irontione.  Colour  indigo-blne. 
Massive,  and  with  impressions  of  crystals  of 
brown  iron  ore.  Olimmeiing,  or  dulL  Frac- 
ture coarse  grained  uneven.  Opaque.  Semi. 
hard.  Rather  brittle.  Sp.  gr.  3-2.— IT/s^^roiA. 
It  loses  its  colour  by  heat ;  and  with  borax 
forms  a  clear  bead.  Its  constituents  are,  oxide 
of  iron  40.6,  silica  60,  lime  1-6,  natron  0, 
water  8.  It  occurs  on  the  banlcs  of  the  Orange 
River  in  South  Africa. 

X.  Lead  Ores. 

1.  Galena^  or  katUgUmce. 

Hrxohcdral  galena, 

§  1.  Comnum,  Colour  fresh  lead.frrmy. 
Massive,  imitative,  and  crystallixed  in  cubes, 
•octohedrons.  rectangular  fonr-sided  prisms, 
broad  unequiangulw  six-sided  prisms,  six. 
dded  tables,  and  three-sided  tables.  Specular 
splendent,  to  glimmering.  Lustre  metallici 
Cleavage  hexiSiedraL  Fragments  cubicaL 
Haider  than  gypsum.  Sectile  and  frangible. 
Sp.  gr.  7  to  7-6.  Before  the  blowpipe  it  flies 
in  pieces,  then  mdts,  emitting  a  sulphureous 
odour,  while  a  globule  of  lead  remains.  Its 
constituents  are,  lead  83,  sulphur  16-41,  silver 
O-i^'—Wettruftth,  It  occurs  in  beds,  ^tc.  in 
various  mountain  rocks ;  at  Leadhllls  in  La- 
narkshire, &C.  Nearly  all  the  lead  of  com. 
meroe  is  obtained  from  galeua.  The  ore  is 
masted  and  then  reduced  with  turf. 

§  2.  Compact  galma.  Colour  somewhat 
darker  than  the  precedmg.  Massive,  shining, 
metallic.  Fracture  flat  conchoidal.  Streak 
more  brilliant.  It  consists  of  sulphuret  of 
lead,  sulphuret  of  antimony,  and  a  small  por. 
tton  of  silver.  It  is  found  at  Leadhills  in 
Lanarkshire,  in  Derbyshire,  &c 

J  8.  Friable  galena.     Colour  dark  fresh 
-gray.    Massive  and  in  thick  flakes.   Sec- 
tile.     It  is  found  only  around  Freyberg. 

Bltte  lead.  Colour  between  very  dark  in* 
digo-blue  and  dark  lead-gray.  Massive,  and 
crystallized  in  regular  six-sided  prisms.  Feebly 
l^immcriog.    Soft.     Sectile.    Sp.  gr.  6*461. 


It  is  conjectured  to  be  sulpburet  of  Usi 
Intermixed  with  phoq>liate  of  lead.  It  ocnin 
in  vdns.    It  has  been  found  in  Saxony  uii 

France. 

Cobame  galena.  Cokmr  frcah  lead^grtT. 
Blinutdy  disseminated  in  cxoeeding^j  amll 
crystals,  a^regated  in  a  moss-like  km. 
Shining andmetallic.  Scaly  foliated.  Opaqn^ 
Soft.  Soils  feebly.  It  conununicaio  i 
amalt-blue  colour  to  glaas  of  bonuc  Itoocsn 
near  Clausthal  in  the  Harts. 

2.  Leadtpar, 

§  1.  Tripritmaiic  lead  tpar^  or  MutfhaU  of 
lead.  Colours  yellowish  aiad  grayish-vtiite. 
Massive  and  crystallized.  In  the  prinuow 
form  the  vertical  porism  is  120*.  Tbeprisdpil 
crystaUixations  are,  an  oblique  fiwr^di^ 
pRsm,  variously  bevelled  or  truncated;  sikIi 
broad  rectangular  four-sided  pyramid.  Losfit 
shining,  adamantine.  Fracture  ooncbaidaL 
TranslucenL  As  hard  as  cakareoos  spv. 
Streak  white.  Brittle.  Sp.  gr.  6..%  h^ 
crepitates  before  the  blow-pipe,  then  mdts. 
and  is  soon  reduced  to  the  metallic  state.  Ja 
constituents  are,  oxide  of  lead  70.5,  suiphuric 
acid  26.75,  water  2.25.— JT^prrtA.  It  ocoti 
in  vdns  along  with  galena  at  Wankxkhcsd  m 
Dumfries-shire,  Leadhills,  Paiy's  mine,  sod 
Penzance. 

§  2.  Pyramidal  lead  epar,  or  peUm  lad 
spar.  Colour  wax-yellow.  Mssrive,  cellular, 
and  crystallised.  Its  primitive  fcrm  is  J 
pyramid,  in  which  the  ans^  are  99*  ^i^  wa 
131»4o'.  Ita  secondary  forms  are,  the  pyn- 
mid  varioudy  truncated  on  the  angles  iijw 
summits,  and  a  regular  dght-sid«d  raWe. 
Lustre  resinous.  CIcAvage  fourfold.  Fiscture 
uneven.  TranshioenL  As  hard  as  calcsrews 
spar.  Brittle.  Sp.  gr.  6.6  to  6.«.— -Vaw- 
(6.706,  Hatcheti).  Its  constituents sre,  ox»« 
of  lead  68.4,  molybdic  add  38,  oxide  of »«» 
2.08,  silica  a28.— Itootetf.  It  «cui»  « 
Bldberg  in  Carinthia. 

§  8.  PriemaHc  lead  spar,  or  red  lead  «/w^ 
Colour  hyacinth-red.  Crystaflizod,  m  m 
riightly  oblique  four-sided  prisms.  ""^^ 
beveUed,  acuminated,  or  truncated.  Spl»d*^ 
adamantine.  Fracture  uneven.  TrsnsIufOW' 
Streak  between  lemon-yellow  and  orange- 
yellow.  Haider  than  gypsum.  S.*ctilfc  h"*''/ 
frangible.  Sp.  gr.  6.0  to  6.1.  BefoK  /^ 
blowpipe  it  aackles  and  melts  into  » /"J^* 
It  does  not  eftervcsce  with  adds.  Iw  f^ 
tuents  are,  oxide  of  1  jad  63.96,  chroonc  ao« 
36.4_F.«y«.«^  It  <^^J^^in 
gneiss  in  the  gold  uunes  ot  lKrw»*» 
Siberia. 

§4.  Rhomboidal  lead  spar.  ^^ 

a.  Green  lead  spar.  Colour  grff-^ 
Imitative  or  crystallixed.  The  primiuve  wj" 
is  a  diriiomboid,  or  a  flat  equisngu^^": 
nx-sided  pyramid.  The  secondsiy  ^^^J? 
the  equiangular  six-sided  pnsnj*  ^fj. 
'truncated  and  acuminated,  ^^^f^'jj'j^e,  ai 
tuR  uneven.     Trao^luont. 
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hard  as  fluor.    Brittle.    Sp.  gr.  6.9  to  7*2. 

It  dissolves  in  acids  without  eficrveacenoe. 
Its  conntituents  are,  oxide  of  lead  80,  phos. 
phoric  acid  18,  muriatic  acid  1.62,  oxide  of 
iron,  a  txwcfu-^Klaproih,  It  occun  along 
with  galeua  at  Lcadhills,  and  Wanlockhead ; 
at  Alston  in  Cumberland,  Ilc 

h.  Brown  lead  tpar.  Colour  dove-brown. 
Massive  and  crystallized;  in  an  equiangular 
MX -sided  prism ;  and  an  acute  double  uiree- 
sided  pyramid.  Olbtening,  reftinous.  Feebly 
translucent.  Streak  grayi&h-whitc.  Brittle; 
^P-  gr.  6.91.  It  melte  before  the  blowpipe, 
and,  during  cooling,  shoots  into  acicular 
crystals.  It  dbisoWes  without  effervescence 
in  nitric  acid.  Its  constituents  are,  oxide  of 
lead  78.58,  phosphoric  add  19*73,  muriatic 
acid  1.65.  It  occurs  in  veins  that  traverse 
gneiss.     It  is  found  at  Miess  in  Bohemia. 

§  5.  Dipritmaiic  leadtjyar. 

a.  White  lead  spar.  Carbonate  of  lead. 
Colour  white.  Massive  and  crystallized;  in 
a  very  oblique  four^ded  prism ;  an  unequi- 
angular  six-sided  prism ;  acute  double  six-sided 
pyramid ;  oblique  double  fbur-sided  pyramid ; 
long  acicular  crystals ;  and  in  twip  and  triple 
crystals.  Lustre  adamantine.  Fracture  small 
conchoidiil.  Translucent..  Refracts  doubly 
in  a  high  degree.  Harder  than  calcareous 
spar.  Brittle.  8p.  gr.  6.2  to  6.6.  It  dis- 
solves  with  effervescence  in  muriatic  and  nitric 
acids.  It  yields  a  metallic  globule  with  the 
blowpipe.  Its  constituents  arc,  oxide  of  lead 
82,  carbonic  acid  16,  water  2,—Klaproth,  It 
occurs  in  veins  at  Leadhiils  in  Lanarks'hire. 

h,  Blaek  lead  »par.  Colour  grayish- bhick. 
3Ia&sive,  cellular,  and  stldom  crysiallized,  in 
yety  small  six-sided  prisms.  Splendent,  me. 
tallo-adamantine.  Fracture  uneven.  Streak 
whituh-gray.  Its  constituents  are,  oxide  of 
lead  79,  carbonic  add  18,  carbon  2 — Lam- 
jfudius.  It  occurs  in  the  upper  part  of  veins, 
at  Leadhjlls,  &c 

c.  Earthy  lead  spar.  Colour  yellowish. 
gray.  Massive.  Glimmering.  Opaque. 
Streak  brown.  Very  soft.  Sp.  gr.  5.579. 
Its  conslituento  are,  oxide  of  lead  66,  car. 
bonic  add  12,  water  2.25,  silica  10.5,  alumina 
4.7>'>,  iron  and  oxide  of  manganese  2.25.— > 
John,    It  is  found  at  WanlocUiead. 

Comeout  lead  ore^  m  muriate  of  lead. 
Colour  gnyish-white.  Crystallized,  in  an 
oblique  foor-sided  prism,  variously  truncated, 
bevelled,  and  acuminated.  Splendent  and 
adamantine.  Cleavage  threefold.  Fracture 
oonchoidal.  Transparent  Soft  Sectile,and 
easily  frangible.  Sp.  gr.  6.065.  It  melts 
into  an  aruige..oo1oured  globule.  Its  con- 
stiluents  are,  oxide  of  Irad  85.5,  muriatic 
add  8.5,  carbonic  acid  6."^Klaproih.  It  iB 
found  in  CromfordJevel  near  Matlock  in 
DerbjTsliue. 

Araenittte  of  lead, 

§  1.  Renyhrm.  Colour  reddish-brown. 
Shining.   Fracture  conchoidaL  Opaque.  Soft 


lind  brittle.  Sp.  gr.  S.983.  It  gives  out 
arsenical  vapours  with  the  blowpipe.  ItcokMUs 
glass  of  borax  lemon-yellow.  Its  constituenu 
are,  oxide  of  lead  35,  arsenic  acid  25,  water 
10,  oxide  of  iron  14,  silver  1.15,  silica  7y 
alumina  '2.     It  is  found  in  Siberia. 

§  2.  Filamentout,  Colours  green  or 
yellow.  In  acicular  six-sided  prisms,  or  in 
sUky  fibres.  Slightly  flexible  and  .easily 
frangible.  Sp.  gr.  5.0  to  6.4.  Its  consti- 
tuents are,  oxide  of  lead  69.76,  arsenic  acid 
26.4,  muriatic  add  1.58 — Gregor,  It  occurs 
inComwalL 

'  §  3.  Earthy  arteniate.  Colour  yellow. 
In  crusts.  Friable.  It  occurs  at  St  Prix  in 
France. 

Native  minium.  Colour  scarlet-red.  Mas- 
sive, amorphous,  and  pulverulent.  It  is  found 
in  Grassington-moor,  Craven.  Mr.  Smithson 
thinks  this  mineral  is  produced  by  the  decay 
of  galena  or  lead-glance. 

XI.  Manganese  Ores. 

1.  Prismatic  manganeee  ore, 

§  I.  Gray  manganese  ore. 

a.  Fibrous  gray  manganese  ore.  Colour 
dark  steel-gray.  Massive,  imitative,  and  in 
very  delicate  acicular  crystals,  and  in  thin-  and 
long  rectangular  four-sided  tables.  Shining 
and  splendent.  Soils  strongly.  Soft  Brittle. 
It  occurs  in  the  Westcrwald. 

b.  Radiated.  Colour  dark  sted-giay. 
Massive,  ioiitadve,  ar.d  crystallized.  The 
primitive  form  is  an  oblique  four-sided  prism, 
m  which  the  largest  angle  is  about  100^. 
Secondary  forms  are,  the  primitive  bevdled, 
or  acuminated,  or  spicular  crystals.    Cleavage 

Srismatic  Streak  dull  black.  Soils.  Sofu 
ritde.  Sp.  gr.  4.4  to  4.8.  Shining  and 
metallic.  Its  constituents  are,  black  oxide  of 
manganese  90.5,  oxygen  2.25,  water  7>-— 
Klaproih.  It  occurs  in  the  vieinity  of  Aber- 
deen, in  Cornwall,  Devonshire,  &c. 

c.  Foliated.  Cdour  between  stceUgray  and 
iron-black.  Alassive  and  crystallized  in  short 
oblique  four-sided  prisms.  Shining,  metallic 
Cleavage  prismatic.  Fracture  uneven.  Other 
characters,  as  above.  Sp.  gr.  3.742.  It  is 
found  in  Devonshire. 

d.  Compact*  Fracture  even,  or  flat  eon- 
choidaL  Sp.  gr.  4  to  4.4.  Other  characters 
as  preceding.  Its  constituents  are,  yellow 
oxide  of  manganese  50?  oxygen  33,  barytcs 
14,  silica  1  to  0.  Analysis  doub^fuL  It 
occurs  at  Upton  Pyne  in  Devonshire. 

e.  Earthy.  Friable.  It  consists  of  semi< 
metallic  feebly  glimmering  fine  scaly  particles^ 
which  soil  strtmgly.  It  occurs  in  the  mine 
Johannis  in  the  Erzegebirge.  It  tinges  borax 
purple;  and  effervesces  with  muriatic  add, 
givhig  out  chlorine.  These  five  kinds  occur 
in  granite,  gneiss,  &c.  dther  In  vans  or  in 
large  cotemp<naneous  masses. 

§  2.  Black  manganese  ore, 
a.  Compact.    Colour  between  bluish-hlack 
and  steel.cray.    Massive,  imitative,  and  in 
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ciitTecllinMllarcoMietioiH.  Olimmaiiig  and 
imperfect  metallic  liiBtre.  Fnctore  ocachoidal. 
StKiik  ihining,  with  ooloiir  micfaanged.  Semi- 
haid.    Brittle.    Sp.  gr.  4.76. 

6.  Fibrous.  MaisiTe,  imitative,  and  in 
dflicate  soopiform  ooncrelioDS.  FiagmeDts 
cuneifoRn  and  splintery.  Its  other  cluiracten 
as  above;  It  yields  a  videUblue  glass  with 
borax.  It  occurs  in  veins  in  the  Enegebiige. 
It  yields  a  good  iron  $  but  acts  very  power, 
fully  on  the  rides  of  the  furnace.  It  is  called 
Uack  hematite* 

c.  Foliated,  Ckilour  brownish-black.  Crys^ 
taDized  somedmes  in  acute  double  Crar-sided 
pyiamids.  Shining.  Cleavage  single,  and 
curved  foliated.  Streak  dark  reddish-biown. 
Brittle^  It  is  supposed  to  consist  of  iron  and 
mangasiese. 

§  3.  Scalp  brown  ntangamte  ore.  Colour 
between  sted-gray  and  dove-biown.  In  crusts. 
Massive  and  imitative.  Friable  Compoeed 
of  shining  scalv  particles.  Soils  strcmgly. 
Feds  gressy.  It  gives  to  g^ass  of  borax  an 
olive-green  colour.  It  oooua  in  drusy  cavities 
in  biimi  hematite.  It  is  found  near  Sand- 
lodge  in  Mainland,  one  of  the  Shetlands. 

4.  Manganue  blende. 

PritmaUc.  Colour  iron-black.  Massive^ 
in  distinct  ooncretioiia,  and  sometimes  crys- 
tallixed.  Primitive  form,  an  oblique  four. 
■Uied  prism,  which  becomes  variously  modified 
by  truncations  on  the  latersl  edges.  Lustre 
splendent,  and  scmi.ja]etaUio.  Strok  greenish. 
Hsrder  than  calcareous  spar.  Easily  ftangl- 
ble.  Befonetfaeblowpipe  it  gives  out  sulphur, 
and  tinges  bosax  violet-blue.  Its  constituents 
.  are,  oxide  of  manganese  82,  sulphur  1  i.A, 
carbonic  add  6. — Klaproth.  Oxide  of  man. 
Bsnese  86,  sulphur  16.~  raa^u^in.  It  is 
nmnd  in  ComwalL 

6.  Phoephate  of  numganete,  Cokxa 
brownish-black.  Massive  and  disseminated. 
Glistening.  Fracture  flat  conchoidaL  Semi- 
transparent,  in  splinters.  Scratches  glass. 
Streak  yeDowish-gray.  Brittle.  Sp.  gr.  U 
to  3.7.  It  is  fusiUiB  into  a  black  enameL 
Its  oonstituents  are,  oxide  of  manganese  43, 
oxide  of  iron  31,  phosphorie  add  27«  It 
occurs  in  a  coarse  grsnular  granite  at  Li. 
mciges  in  France. 

£  BhomboUal  red  manganese. 

a.  FotkUed,  Colour  bi&ht  roscied.  Mas- 
sive, imitative,  and  crystalBzed  in  rhomboids. 
S^ing,  pearly.  Cleavage  rhomboidal.  Trans* 
lucent  on  the  edges.  Hardness  between  floor 
and  calcareous  spsr.  Brittle.  Sp.  gr.  3.3  to 
8.8.  Before  the  tdowpipe  it  fint  becomes 
dark  brown,  and  then  mdts  into  a  reddish* 
brown  bead.  Its  constituents  are,  oxide  of 
manganese  62.8,  silica  39.8,  oxUe  of  iron  4.8^ 
Ume  1.6,  volatile  ingredients  2.76.— B^xeHia. 
It  occurs  in  beds  of  specular  iron  ore  in  gndsa 
hills  in  Sweden  and  Sibeda.  The  BpedxaaoB 
of  the  latter  are  cut  into  ornamental  stones. 

b.  Fibrous. .  Colours,  roie-rcd  and  fletlu 


red.  Massive  and  fai  distinct  pxisoislic  6l>rait 
concretions.  Glistening  and  pearly.  Frag- 
ments splintery.  Feebly  transhicent  It 
oooors  in  Trsnsylvania  and  Hungary. 

c.  Compact.  Cokmrpale  nsa«ed.  Ma- 
sive  or  renifonxi.  Glimmering.  Sp.  gr.  3^ 
to  3.9.  Its  consdtueBia  are,  oiide  of  mu* 
ganess  81,  silica  30,  oxide  of  inm  6,  alamini 
%r^Lampad.  It  occurs  at  Kapnik  ia  Ton- 
sylvania. 

Pitchy  iron  ore  maybe  r^gsnkd  sc  a  phof- 
phate  of  manganeae. 

XII.    Mercitrt  Ores. 

1.  Native  mercury. 

a.  Fluid  mercury.  See  MsBCUftt.  It 
occurs  prmdpolly  in  rods  of  the  oosl  fonu- 
tion,  sflsodated  with  dnnabar,  coneoas  mer- 
curr,  Slc  Small  Tons  of  it  are  wdy  bJ 
with  m  primitive  wxAs,  acoompsmed  widi 
nativesflver,  &c    It  is  Ibund  at  Idris  in  the 

.Fiiaul;  Niderdana  in  Upper  Hungary;  u 
tfaePalathiate;  Denx-Ponts,  && 

b,  Dodecahedral  mercury^  or  na^  e^*- 
gam. 

§  1.  Fluidm  semi-Jbnd  amfgam.  Goto 
tin-white.  In  roundish  portknsi  od  07*- 
talliaed  in  a  liiomboidal  dodocshednn,  wf 
perfect.  Splendent  When  cut  it  emio  • 
creaking  sound.  As  hard  as  tak.  Sp.  ^' 
10.6.  Its  constituents  are,  moany  74)  w^ 
26.    It  is  found  at  Deux-Ponts. 

§  2.  8<M  amalgam.  Colour  sflvcr-wbite. 
Massive   and    disseminated.    fVactoe 


GonchddaL    As  hard  aa  gypMun. 


Brittfe 


Creaks  strongly  when  cut.  So.  ^.  l?-^ 
The  mercury  flies  off  before  the  Wfl^Pg 
Its  oonstituents  are,  mercury  74  ^^J^ 
^Heyer.  Mercury  84,  silf«  3^-£*f 
roth.    It  is  found  In  Hungaiy,  the  i>^ 

2.  Cinnabar^  otpritmaio^rhomboii^lf^ 
blende,  j^,,. 

a.  Dark  red  Hnnabar.  Colour  cocWnej^ 
red.  Massive,  disseminated,  i^m^^ 
crystallised.  Primitive  fonn  •.**2!!l 
Secondary  foms;  a  «e««J«»«*-^^ 
an  acute  rhomboid,  and  a  8ix.«w»  "^ 
Spleadmt,  adamantine.  T-mluceot  W*' 
scarleured,  shining.  Hsrder  then  gyK"^ 
Sectilc  and  eastty  fiangiUc.  Sp.  P'^^\ 
8.2.  Itmdts,aiiisiSlati]isedsj(*«^ 
flame  and  sulphureous  odour.  1*;.^ 
toents  are,  mocury  84.6,  sulphur  W-?*-- 

^^%A<  red  cinnabar,  f^^ 
scarlet^red.  Massive,  stod  in  deUc^  ^ 
ooncretions.  Glhnmering  and  pe«J-  ^^ 
tore  earthy.  Opaque.  Streskshid*.  «^ 
Friable.-  It  occurs  in  rocks  of  ci»y'*r^^ 
date,  andchloritedate;  in  wiw«***^ 
inBohemia;  atldria,&c« 
e.  Hepatic  dmwbar.  <M«MnaI' 

Jl.  Compact.    Cdourbrtweeoow^jj^ 
and  dark  lead-grt^    ^^^^^ 
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Opiu|ne.  Soft.  SectUe.  Sp.  gr.  7*2.  Its 
constituents  are,  mercury  81*8,  sulphnr  13>75, 
carbon  2-3,  silica  0*65,  alumina  0.55,  oxide  of 
iitm  0-2,  copper  0-02,  water  0*73. 

§2.  Slaiif  mercurial  hepatic  ore.  Colour  as 
Above,  but  sometimes  approaching  to  bladr* 
MassiTe,  and  in  loimdish  ooncretionfl.  Lustre 
shining,  semi-metalfic.  Fracture  curved  slatjr. 
Most  easily  frangible.  Streak  oochinea]*red, 
inclining  to  brown.  Rather  lighter  than  the 
compact  It  occurs  in  considerable  masses  in 
slate-clay  and  bituminous  shale.  It  is  most 
abundant  in  Idria. 

3.  Comeout  mercury;  or  horn  guicktilver. 

Pyramidal  corneoM  mercury.  Colour  ash- 
gray.  Vesicular,  with  interior  crystallizations, 
which  are,  a  rectangular  four-sided  prism, 
variously  acuminated,  and  a  double  four-sided 
pyramid.  Crystab  very  minute.  Shining, 
adamantine.  Cleavage  single.  Faintly  trans, 
lucent  Soft.  Sectile  and  easily  frangible. 
It  is  totally  volatilized  before  the  blowpipe, 
with  a  garlic  smelL  It  is  soluble  in  water, 
and  the  solution  mixed  with  lime-water  gives 
an  orange-coloured  precipitate.  Its  constituents 
are,  oxide  of  mercury  78>  muriatic  add  16-4, 
sulphuric  acid  7-8. — Klaproth,^It  occurs  in 
Bohemia,  &c. 

XIII.  AIoLYBOEVA  Ores. 
Rhomboidal  mdyhdena.   Colour  fresh  lead. 

gray.  Massive,  in  plates,  and  sometimes 
crystallized.  Primitive  form  is  a  rhomboid. 
Secondary  figures  are,  a  regular  six-sided  table, 
and  a  very  short  six-sided  prism,  flatly 
acuminated  on  both  extremities.  Splendent, 
metallic.  Cleavage  single.  Opaque.  Streak 
on  paper  bluish-gray ;  on  porcelain  greenish. 
grey.  Soils  slighuy.  Harder  than  talc.  Easily 
frangible.  Spbts  easily.  In  thin  leaves  flexible, 
but  not  elastic.  Sectile,  approadiing  to 
maUeable.  Feels  greasy.  Sp.  gr*  4*4  to  4*8. 
It  emits  a  sulphureous  odour  berare  the  blow. 
|iipe.  It  is  soluble,  with  violent  efliirvescence, 
m  carbonate  of  soda.  Its  constituents  are, 
mdybdena  80,  sulphur  40. — BuehoSz.  It 
occurs  disseminated  in  granite,  gneiss,  ftc  It 
Is  found  in  Olenelg  in  Inverness-shire,  at 
Petobead,  at  Corybuy  at  the  head  <rf  Lodi 
Crenui,  m  Cornwall,  Ac. 

Molybdena  ochre.  Colour  sulphur-yellow. 
Disseminated  and  incrustingmolybdena.  Fria* 
blc ;  duU     In  Corybuy  and  Norway. 

For  Molybdate  oflead^  see  Lead  Obbb. 

XIV.  Nickel  Ores. 

l.yoHve  nickel  Colour  brass-yeDow.  In 
delicate  capiHary  oystals.  Shinine  and  me> 
talKc  Crystals  rigid.  Brittle.  It  consists, 
according  to  Klaproth,  of  nickel,  with  a  small 
quantity  of  cobalt  and  arsenic.  It  occurs  in 
veins  in  gneiss  in  Saxony. 
2.  Nickel  pyrites,  or  copprr^ickeL 
Priimatie  nickel  pyritet.  Colour  copper- 
red,  becoming  black.  Massive,  disseminaiM, 
imitative,  and  oTstalllzed,  in  oblique  four- 
tided  pilnM.     shining,    metallic    Harder 


than  apatite.  Rather  dlflfeukly  frangible.  Sp'. 
gr.  7.5  to  7*7«  It  emits  an  arsenical  vapour 
before  the  blowpipe,  and  then  fuses  into  a  daHc 
seoria,  mixed  with  metallic  grains.  It  yields 
a  dark  green  solution  withnitro-muiiatie  add. 
Its  constituents  are,  nickel  and  arsenic,  with 
accidental  admixtures  of  cobalt,  iron,  and 
sulphur.  It  generally  occurs  in  primitive 
rocks.  It  is  found  in  small  quantities  at 
Leadhills  and  Wanlockhead,  and  in  the  coal 
field  of  Linlithgowshire. 

Black  nickel.  CcAoax  dark' grayish.black. 
Massive,  and  in  crosts.  DulL  Earthy  fWM- 
ture.  Soft  Streak  shiDing.  Soibslif^dy. 
It  forms  an  apple-green  colotned  solution 
widi  nitric  add,  which  lets  fUl  a  white  pre- 
dpitate  with  arsenic  add.  It  occun  in  vein* 
that  traverse  bituminous  marie- slats  at  Rie- 
gebdorf. 

Nickel  ochre.  Colour  apple.green.  In  an 
cfltoresoence.  DulL  Fracture  splintery.  Soft 
Feds  meagre.  It  gives  to  glass  of  borax  a 
fayadnth-r^  colour.  It  oocun  at  Leadhills^ 
at  Alva  in  Stirlingshne,  and  in  Saxony.  It 
eonststs  of  oxide  of  nickd  67,  oxide  cH  iron 
23.2,  water  1.5,  loss  8a~£afnjNMHtt«. 

XV.  Palladium  Ore. 

Native  palladium.  Cokwr  pale  stsd-gray, 
passing  into  silver-white.  It  occurs  in  small 
grains.  Lustre  metallic.  Fracture  diveighig 
fibrous.  Opaque.  Sp.  gr.  11-8  to  12-14S. 
It  is  infusible;  but  on  the  addition  of  sulphur 
it  mdts.  It  forms  a  deep  red  solution  with 
nitric  add.  It  consists  of  pdladmm,  alloyed 
with  a  minute  portion  of  platina  and  iridium. 
It  is  found  in  grains  along  with  grains  of 
native  platina,  in  the  alluvial  gold  districts  in 
Brazil^  WoUoHon. 

XVI.  PlatikaOre.  Colour  very  lig^i 
steel-gmy.  In  flat  small  grahfin.  Shining  an^ 
metallic.  Nearly  as  hard  as  iron.  Malleable. 
Sp-  gr*  17'7-  It  is  fbund  in  the  gray  silver 
ore  of  Guadalcanal  in  Spain,  in  Choeo,  in 
New  Granada,  and  in  the  province  of  Bar- 
bacoas.  It  is  peculiar  to  an  alluvial  tract  of 
600  leagues,  where  it  is  associated  with  grains 
of  native  g^d,  xirooo,  spinel,  quartz,  and 
magnetic  faonstone.  It  is  not  true  that  this 
metal  occurs  near  Carthagena,  or  Santa  F^,or 
in  the  islands  cX  Porto  Rico  and  Barbadoea, 
or  in  Pern,  although  these  different  localities 
are  mentioned  by  authors.  The  gray  copper 
ore  of  Guadalcanal  in  Spun  contains  ftom  1  to 


10  per  cent  of  platina. 
XVII.    - 


Silver  Ores. 

1.  Hexahedral^  or  native  tUver. 

a.  Common  native  eUver.  Colour  pure  silver, 
white.  Disseminated,  in  plates  or  membranes. 
Imitative^  and  crystallised ;  in  a  cube ;  octo» 
hedron  $  tetrahedron ;  rbomboidal  dodceahe- 
dron;  leudte  form;  and  dx-sided  table 
Crystals  microscopic  Shining  and  metallic. 
Fracture  fine  hackly.  Streak  splendent  Harder 
than  gold,  tin,  lead;  but  softer  than  irrai, 
platina,    and   copper.    Perfectly  malleable. 
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FldxiUe^aiiddiiBcttlilyfiangible.  8p.gr.  10 
to  10-4.  Its  oontdtuentA  are,  metalbc  olver 
99,  metaUic  antxmany  1,  with  a  tnee  of  copper 
and  anenic. — John,  It  occurs  principally  in 
Yeins  in  prunitive  mountains.  In  gnnite  in 
the  Erzegebirge.  In  gmiss  and  mica>»late  in 
Saiony,  Bohemia,  and  Norway.  In  day-slate 
in  IreUnd.  In  day  porphyry  at  Alva,  in  the 
Ochil  Hills,  Stiritngshire.  For  a  copious  list 
of  localities,  see  JameaotCs  Mineralogy, 

fr.  AuriferoHt  tiative  iiix>er.  Colour  between 
fanss-yellow  and  sUTer*white.  Disseminated 
in  membranes,  and  crystallised  in  cubes.  Its 
fp.  gr.  is  greater  than  that  of  the  preceding. 
lu  oonstituenu  are,  silver  72,  gold  28.— 
Pordyce.  It  occurs  in  veins  in  primitive  rocks 
at  Kongsberg  in  Norway. 

2.  SiUKT'^noe^  or  vUreovt  Hlver. 

§  1.  HexahedraL 

a.  Compact,  Colour  dark  blackish  lead- 
gray.  Massive,  Imitative,  and  ciystellifled ;  in 
a  cube,  octoheJron,  rhomboidal  dodecahedron, 
and  double  eight-sided  pyramid.  Olistenicg, 
metallic.  Clnvage  rhomboidal.  Hsrderthan 
gypsum.  Completdy  malleable.  Flexible, 
bat  not  elastic  Difficultly  frangible.  Sp.  gr. 
6-7  to  6*1.  Before  the  blowpipe  it  loses  its 
tolphur,  and  a  bead  of  pure  stiver  remains. 
Its  constituents  are,  silver  85,  sulphur  15.— 
Klaproth,  It  is  one  of  the  most  frequent  of 
the  ores  of  silver.  It  occurs  in  mica-slate, 
day-slate,  grey  wacke,  and  seldomer  in  granite. 
It  u  found  in  Cornwall. 

i.  EarH^.  Colour  bluish-black.  In  crusts. 
Friable  or  solid.  DuU.  Feebly  oansluoent. 
Streak  shining  metallic.  Soils  a  little.  Easily 
frangible.  Sectile.  It  is  easilv  fused  by  the 
blowpipe.    It  is  a  sulphuret  or  silver. 

§  2.  Khomboidal  silver  glance.  Colour 
between  hron-black  and  blackiih  lead-gray. 
CiystalUsed.  Primitive  form,  a  rhomboid. 
Secondary  figures ;  an  equianguUtf  six-sided 
prism,  an  equiangular  six-sid^  table,  and  a 
double  six-sided  pyramid.  The  tabular  crys- 
tals  often  inloaect  each  other,  forming  cells. 
Highly  splendent,  and  metallic.  Soft.  Sectile. 
Easily  frangible.  Sp.  gr.  5-7  to61.  Itmdts 
with  difficulty.  lu  constituents  are,  silver  66-6, 
•ttlphur  12,  antimony  10,  iron  5,  copper  and 
arsenic  0*5,  earthy  substances  1-0.  It  occurs 
in  gneiss,  &c  It  is  found  in  the  district  of 
Fr^bcig. 

2.  White  tUver.  Colour  very  light  lead- 
gray.  Idaasive,  disseminated,  and  always 
associated  with  lead-gUmoe.  Glistening  and 
metallic  Frscture  even.  Soft  Sectile. 
Easily  frangible.  Sp.  gr.  5-3  to  5-6.  Before 
the  blowpipe  it  melto  and  partly  evaporates, 
leaving  a  bead  of  impure  silver,  lourounded  by 
a  yellow  powder.  lu  constituents  are,  lead 
41,  silver  9.25,  antimony  21-5,  fron  I.75, 
sulphur  22,  alumina  1,  silica  0.75.^-ir/^/irwtA. 
It  occurs  in  gneiss.  It  is  found  near  Freybeig. 

3.  Gray  silver,  or  carbanaU  qf  silver. 
Colour  ash-gray.    Ma^jnve  and  disseminated. 


Glistening.  Fraehut  uneven.  Soft  Streak 
more  shining.  Britde.  Heavy.  Essilyicduful 
before  the  blowpipe.  Its  oonstituenu  u^iilTiT 
72-5,  carbonic  acid  12,oxideofsntim(m7,ac4 
a  trace  of  copper  15>5.— &/&.  It  occun  io 
veins  that  traverse  granite  in  the  Blsck  Foitst. 
4.  AfUhnoniai  stiver^  or  dodecahedral  01. 
Utnony,  Colour  between  silver-white  asd 
tin-white.  Massive,  disseminated,  in  distinc: 
concretions,  and  crystalliaed;  in  a  rectsn^br 
four.aided  prism,  in  an  equiaogokr  lii^idcd 
prism,  and  a  double  six-sided  pynunid,  tnin- 
cated  on  the  apices.  Surface  of  the  prisu 
longitudinally  streaked.  Splendent,  mdallie. 
Cleavage  octohedral .  Hardness,  between  cu 
and  fluor  spar.  Sp.  gr.  9.4  to  10.  The  u- 
timony  is  volatilised  before  the  blowpipe,  snd 
silver  remaina  on  the  cfaarcoaL  Its  nxus. 
tuents  arc,  silver  78,  antimony  22.— rfl*y«f- 
lin.  It  occurs  in  veins  in  granite  sod  gRV- 
wacke.  In  the  first,  at  Altwolfsdi  in  Soahii; 
in  day-slate  in  the  Harts. 

6.  Arsenical  silver.  Colour  on  the  ftw 
surface  tin-whlte,  which  tarnishes  griyiA- 
Uack.  Massive,  and  renifonn.  f ncture 
small-grained  uneven.  Harder  thsn  aaOj 
monial  silver.  Stresk  shining.  Sectile,  and 
easily  frasgible.  Sp.  gr.  9.44.  ^oa  thf 
blowpipe  the  antimony  and  arsenic  sre  wU- 
tilised  with  a  garlic  smell,  while  s  i^obole  of 
sflvcr  remains,  which  is  more  or  lew  pijf- 
Its  constituenU  are,  arsenic  36,  inm  *'*•*'' 
silver  12.76,  antimony  4.  Itgeocrsllyoxwi 
along  with  native  arsenic    It  is  fbuod  in  (b<? 

H*««-  .   ,^ 

&  Bismuthie  silver,     Cdour  psle  ^ 

gray.  Dissemmated,  and  rarely  o7»»^ 
in  capillary  crystals.  (Jhstening  snd  ni«i»i^^ 
Soft.  Sedile.  EasUy  fnngible-  i^^' 
tuents  are,  bismuth  27,  lad  ^f^rL. 
iron  4.3,  copper  0.9,  sulphur  l<^*;r*T 
roth.  It  has  been  found  only  in  dieFwdntf- 

Christian  Mine  in  the  BlaA  Forest,  m  ««A 
in  gndss. 

7.  Ruhy4>knde, 

S  1.  Rhomboidal  ruhy-bknde. 

a.  Dark  red  tilver.  Colour  bj*»«"^T 
chhieal-red,  and  dark  lesd-grsy.  W*?^^  ^ 
membranes,  and  cryitalliMd.  /»^J^* 
rhomboid  of  KM**  28*.  Sccoodsry  fonnf 
equiangular  six-sided  prism.  ^«n««i{,,^ 
StcHnd  acuminated;  nnd  f  ,«lrf 
double  six-sided  pyramid.  ^Hfffi^. 
adamantine.  Cleavage  ^^^^J^  ^ 
tnmsparent  Streak  «w*^?^'?*'iv^T)Ie. 
than  gypsum.  Sectik.  Ef^-S^ij 
Sp.gr.Lto6.7.  Before  .^fTS^^t 
first  deoepitates,  then  meltt  ''i*  *  ^u 
efferveseenoe,  leaving  a  globule  of  f^^  W 
constituentTare,  rifver  60.  J^^^fo^ 
sulphur  14.7.  oxygen  ^-T^fX^^  » 
cuts  m  veuis  in  gneiss,  &c  **  »  ,fc«e(»f 
th»  sUver  mines  of  Kongsbflg,  sod  w  w« 

the  Harts.  ^,  .,,«j,iaal-      1 

§2.Lighirediilver.    Cdour  oocww- 
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fcii  Streak  •mon-ted,  passing  into  cochi- 
neal-ied.  Sp.  gr.  5*5  to  6.9.  In  other  re- 
spects, as  preceding.  Its  constituents  are, 
i^ver  54.27,  antimony  10.3,  sulphur  17.75, 
oxygen  1 1 .85.—  VauqueUn,  It  occurs  at  An- 
droBsberg  in  the  Hartz. 

XVIII.  Taktalvm  Ores. 

1.  Prumatic  tantolum  ore.  Cohtmbite  of 
Hatchett,  Colours  grayish  and  brownish, 
black.  Massire,  disseminated,  and  crystal- 
lized in  oblique  four-sided  prisms.  Semi- 
metallic  adamantine  lustre.  Fracture  coarse- 
grained uneven.  Opaque.  As  hard  as  fel- 
spar.  Difficultly  frangible.  Sp.  gr.  &0  to 
6.3.  It  does  not  fuse  with  glass  of  borax. 
lu  constituents  are, 

IVoUaston, 
oxide  of  tantalum,        85  80 

oxide  of  iron,  10  15 

oxide  of  manganese,       4  5 

Finland.       N.  American 
or  Columbite. 

It  occurs  in  a  coarse  red  granite  in  Finland, 
and  in  Massachusset's  Bay,  in  North  Ame- 
rica. 

2«  YttrotantdRU*  Colours  iron-black  and 
ydlowi^  brown.  Embedded  in  ansular  pieces, 
smd  crystallised  in  oblique  four-sided  and  in 
six-sided  prisms.  Resinous,  metallic  lustre; 
Fracture  concboida].  Opaque.  Scratches 
^lass.  Streak  gray-coloured.  Easily  iran- 
g;ible.  Sp.  gr.  5.4  to  5-88.  It  decrepitates, 
but  docs  not  fuse,  with  the  Uowpipe.  Its 
constituents  are,  oxide  of  tantalum  57,  yttria 
80.35,  lime  6.25,  oxide  of  iron  3.5,  oxide  of 
uranium  0.5,  tungstic  acid  8.25.  It  occurs 
along  with  gadolinite  in  a  bed  of  flesh-red 
felspar  in  gneiss  at  Ytterby  in  Sweden. 

XIX.  Tellurium  Ores. 

1.  Hexahedralm  native  tellurium.  Colour 
tin-white.  Massire,  disseminated,  and  in 
rectangular  four-sided  prisms,  acuminated 
with  wta  planes.  Shining,  metidlic.  Cleav- 
age  bexahedraL  As  hard  as  gypsum.  Ra- 
ther brittle.  Sp.  gr.  ai  to  a2.  It  melts  as 
casOy  as  lead,  emits  a  thick  white  smoke,  and 
bums  with  a  light  gMen  colour,  and  a  pun- 
flcnt  acrid  odour,  Eke  that  of  horse-radish. 
Its  oonstitnenta  are,  tellurium  02.55,  iron  7*2, 
gold  0.25.  It  occurs  in  Tetos  in  grajrwacke, 
at  Faoeby  in  Transylvania,  and  in  Norway. 

2.  PritmaUc  hlack  teUurium,  Cokmr  be- 
tween blackish  lead-gray  and  iron-black.  Mas- 
•iTe,  in  flakes,  and  crystallised.  Primitivie 
flgnre,  an  oblique  four-aided  prisnu  Ssoond- 
ary  forms  are,  an  oblique  four.«ided  table,  a 
alx-sided  taUe,  an  ci^t-sided  table,  and  an 
acQie  doable  foar.«d«l  pyrsmid.  Splandent 
and  meuHic  Fragments  tabular.  Harder 
than  talc  Scetile.  Soikali^tly.  The  thin 
leaves  and  tables  are  flexible,  fito.  «.  7.0  to 
7*2.  It  melts  very  easily  before  toe  blowpipe* 
Its  oonstitaento  sre,  tellurium  32.2,  lead  54, 
gold  0,  sulphur  8,  copper  1.3,  silver  0.5.— 
Klaprirlh,    It  Is  worked  for  the  gokl  it  con- 


tains. It  is  found  at  Naygag  in  Transyl- 
vania. 

3.  Pritmaiic  gold  fiance. 

§  1.  Graphic  /fold  glttncej  or  tellurium. 
Colour  steel-gray.  Maavve,  in  leaves  and 
crystallized.  Primitive  form,  an  oblique  four- 
sided  prism.  Splendent,  metallic  Cleavage 
prismatic  Fracture  fine-grained  uneven.  As 
hard  as  gypsum.  BritUc  Soils  slightly. 
Sp.  gr.  5.7  to  5.8.  Before  the  blowpipe  it 
bums  with  a  green  flame,  and  is  volatilised. 
Its  constituents  are,  tellurium  60,  gold  30, 
silver  10.  It  occurs  in  porphyry  in  Transyl- 
vania. 

§  2.  YeUow  f^old  glance,  or  yeUow  telln-. 
riunu  Colour  silver-white,  indiniog  to  brass- 
yellow.  Disseminated  and  crystjUlized,  in 
four-sided  adcular  prisms,  which  are  rare. 
Splendent,  metallic  Cleavage  prismatic 
l<Vacture  smaQ-grained  uneven.  Sp.  gr.  5.7 
to  5.8.  Its  constituents  are,  tellorium  44.75, 
gold  2&75,  lead  10.5,  silver  &5,  sulphur  0.5. 
— Klaprotli.  It  occurs  in  veins  in  porphyry 
at  Naygag  in  Transylvania. 

XX.  Tiy  Ores. 

1.  Pyramidal  tin  ore, 

§  1.  Common  tin  ore^  or  tinitone'  C<dour 
blackish-brown.  Masrive,  disseminated,  but 
most  frequently  crystallized.  Primitive  form, 
a  double  fourwsided  pyramid,  in  which  the 
angles  are  133«  36^  and  67<»  42'.  Secondary 
figures  are,  the  primitive  truncated ;  a  rectan- 
gular four-sided  prism,  vsrionsly  truncated  or 
acuminated,  and  twin  crystals.  Splendent, 
and  adamantine.  Fracture  uneven.  From 
semitransparent  to  opaque.  Streak  grayish- 
white.  As  hard  as  felspar,  sometimes  as 
quartz.  Easily  firangible.  Sp.  gr.  8.3  to  7*0. 
Before  the  blowpipe  it  decrepitates,  and  be- 
comes paler,  and  is  reduced  to  the  metallic 
state  Its  constituents  are,  tin  77.5,  iron 
0.25,  oxygen  21.5,  silica  0.75.  It  occurs  in 
granite,  gneiss,  &c ;  and  in  an  alluvial  form, 
in  what  are  in  Cornwall  called  ttream  works. 
There  are  only  three  tin  ^tricts  in  Europe : 
ComwfllL,  whidi  is  the  most  considerable ;  the 
Erzegebi^ ;  and  Monte  Rey,  in  Gallicia. 

$  2.  Cw^ith  tin  ore,  ot  vood^tin.  Colour 
hair-brown.  In  rolled  and  imitative  shapes. 
Olistenfaig.  Opaque.  Softer  than  common 
tinstone.  Streak  gray,  inclining  to  brown. 
Brittle.  Sp.  gr.  8.4.  Its  constituents  are, 
oxide  of  tin  91,  oxide  of  iron  9. — VauqneHn, 
It  occurs  along  with  stream-tin. 

2.  Tinpyriiet,  Cdbur  between  sted-grav 
and  brass-yellow.  Massive  and  dissemmated. 
Glistening  and  metallic.  Fracture  uneven. 
Yields  easQy  to  the  knife  BritUe.  Sp.  gr. 
4.85.  Not  magnetic  Before  the -blowpipe 
it  exhales  a  sulphureous  vapour,  and  melts 
easily.  Its  consiituents  are,  tin  34,  copper 
38,  iron  3,  sulphur  25,  earthy  matter  2.— 
Klaproth,  It  has  been  fbund  only  in  Corn- 
wall, in  granite,  at  St.  Midiael's  Mount. 

XXI.  TiTAMiux  Ores. 

T  T 
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1.  PrUmatic  tUamum  ore.  Of  tphene. 

a.  Comvion  sphette.  Colours,  reddish,  yel- 
lowish, and  ivddish-brown.  It  occurs  in  gra- 
nular concretions,  and  crystallized  in  the  fol- 
lowing forms :  A  low  very  oblique  four-bided 
priAin,  bevelled  or  truncated ;  a  broad  six-sided 
prism ;  a  rectangular  four-sided  prism ;  an 
oblique  double  four-sided  pyraoiid.  Shining 
and  adamantine.  Fracture  imperfect  con. 
dioidaL  Streak  grayish  or  yellovish-white. 
Harder  than  apatite.  Briule.  Sp.  gr.  3.4  to 
3.6.  Before  the  blowpipe  it  is  fusible  with 
difficulty  into  a  brownish-black  enamel.  Its 
constituents  are,  oxide  of  titanium  46,  silica 
36,  lime  16,  water  1. — KUiproih.  It  occurs 
in  the  syenite  of  Criffle,  and  other  hills  in 
(jalloway  ;  m  the  syenite  oi  Inverary ;  on  the 
south  side  of  Loch-Ness  ;  the  granite  of  Aber- 
deen ;  the  syenite  of  CuUoden,  in  Invemess- 
shiie;  in  the  floetz  rocks  of  Mid-Ix>lhian  ;* 
and  at  Arenda],  in  Norway. 

h.  Foliated  sphene.  Colour  yellow.  Mas- 
fflve,  in  straight  lamellar  concretions,  and  cry- 
stallized as  the  preceding.  Lustre  splendent. 
Cleavage  double.  Fracture  imperfect  con- 
choidal.  Translucent.  It  occnrs  at  La  Por- 
tia, in  Piedmont,  St.  Oothaid,  and  Arendal. 

2.  PrUmatO' pyramidal  titanium  ore, 

a.  Rutiie.  Colour  reddish-brown.  Mas- 
rive  and  crystallized.  Primitive  figure,  a 
pyramid  of  U?^  2^  and  84«  46^.  Secondary 
mrms  are,  a  long  rectangular  four-sidtd  prism ; 
four-sided  prism ;  six-sided  prism ;  and  aci- 
cular  crystals.  The  crystals  are  occasionally 
curved.  Splendent  or  glistening.  Streak 
brown.  Translucent  Harder  than  apatite. 
Brittle.  Sp.  gr.  4.255. — Lowry.  It  is  pure 
oxide  of  titanium,  with  a  little  oxide  of  iron. 
It  occurs  in  the  granite  o{  Cairngorm,  the 
limestone  of  Rannoch,  and  in  the  rocks  of 
Ben  Gloc,  where  it  was  discovered  by  Dr. 
Al'CuUoch. 

b.  Jterhe,  Colour  iron-black.  In  obtuse 
angular  grains,  and  in  roUed  pieces.  Splen- 
dent and  metallic  Fracture  conchoidat 
Jiarder  than  felspar.  Opaque.  Brittle.  Sp. 
gr.  4  6.  Before  the  blowpipe  it  melts  into  a 
blackish-brown  coloured  glass,  which  isfdightly 
attracted  by  the  magnet.  Its  constituents  are, 
oxide  o£  titanium  28,  oxide  of  iron  7^**^ 
Klaproik ;  or,  oxide  of  titanium  48,  oxide  of 
imn  48,  oxide  of  uranium  2. — Thomson,  It 
occurs  embedded  In  gneiss,  and  disseminated 
in  granite  sand,  along  with  iron-sand,  in  the 
bed  of  the  river  Don,  in  Aberdeenshire. 

c.  Menachanite.  Colour  grayish-black.  In 
gmall  flattish  angular  grains.  Glimmering  or 
iKmi-roetaUic.  Opaque.  Brittle.  Sp.  gr. 
4.427.  It  is  attractible  by  the  magnet.  Its 
constituents  are,  oxide  of  iron  51,  oxide  of 
titanium  45.25,  oxide  of  manganese  0415) 
silica  3.5.— ir/ffpfo£A.  It  is  found  in  the 
valley  of  Manaccan  in  ComwalL 

3.  Ppramidai  titanium  ore^  or  octohedrite^ 
Colour  passes  £rom  indigo-blue  to   brown. 


Crystallked.  Ifii  primftfive  ferai  ta'mpynniid 
of  97«  38'  and  137*  KT.  The  following  an 
secondary  figures ;  the  pyramid  truneated  an 
the  extremities,  ttid  double  four-sided  pyra- 
mid variously  acuminated.  Lustre  sfUoimu 
adamantine.  Cleavage  fimrfold.  Tnai8liieer.c 
Harder  than  apatite.  Brittle.  Sp.  gr.  3-8  to 
3-9.  It  is  oxide  of  titanium.  It  is  fbwnd  ia 
Dauphiny. 

XXII-       TUK091>EK  OhbS. 

1.  Pyramidal  tungsten,  or  seheeilmm.  Co- 
lour white.  Massive,  and  sometimes  oystal- 
li2ed.  The  primitive  form  is  a  rather  aotte 
double  four-sided  pyramid.  Seeondary  fans 
are,  the  primitive  figure  beveUed  on  the  an- 
gles ;  a  very  acute  double  fonr-sMed  pyramid : 
a  flat  double  four-sided  pyramid ;  a  square 
lenticular  figure ;  and  a  flat  double  foar^aded 
pyramid.  Shining.  Fracture  uneven.  Cksvage 
ninefold.  TranduoenL  Harder  tkan  fliKw 
spar.  Brittle.  Sp.  gr.  6  to6-l.  Its  coosti. 
tuenta  are,  oxide  of  tungsten  65,  lime  31, 

silica  4 Scheele ;  oxide  of  tungsten  75*S-% 

lime  18*70,  silica  1-56,  oxide  of  iron  1-Sa» 
oxide  of  manganese  0*75. — KlaproUu  It  oc- 
Curs  along  with  tin-stone  and  wolfimm,  in 
Cornwall ;  in  Sweden ;  Saxony,  dcfi. 

2.  Wolfram. 

Prismatic  wolf  ram.  Colour  bla^  Massive 
and  crystallized.  Primitive  form  ia  snobliqve 
four-sided  prism  of  IW*»  Seooodary  fonns 
are,  the  oblique  four-sided  prism,  berdled, 
truncated,  or  acuminated ;  and  a  twin  crystaL 
Shining.  Fracture  uneven.  Opaque.  8ttsak 
dark  nddish-biown.  Harder  than  apatite. 
Brittle.  Sp.  gr.  7*1  to  7-4.  Its  coostitucata 
are,  tungsUc  acid  67i  oxide  of  mangaBcw 
6-25,  oxide  of  iron  18*10,  siUea  1-6.~P««. 
quelin.  It  occurs  in  gneiss  in  the  idand  cf 
Kona  of  the  Hebrides,  and  in  ComwalL 

XX 1 1 1.    Uran IV M  Ores. 

1.  Uran  ochre, 

a.  Friable,  Colour  lemon-yeHour.  It  or* 
curs  as  a  coating  on  pitch  are.  It  ia  eonoposed 
of  dull,  weakly  cohering  partidea.  It  ftcis 
meagre. 

b' Indurated.  Colonratiaw-ycllow.  Massive 
and  superimposed.  Glimmering.  Opaque. 
Soft.  Sp.  gr.  3-15.  The  yellow  vaiielks  srs 
pure  oxide  of  uranium.  The  brownish  and 
reddish  contain  a  little  iron.  It  is  fonnd  ia 
Bohemia  and  8axony. 

2.  Indivistbk  uranisim  or  piUh  one.  Co* 
lour  gTeenish*.blaek.  Maanve,  icbilbim,  aad 
in  disdnct  concretions.  Shining.  Haidnesi 
between  apatite  and  felspar.  Opaque.  Britdc^ 
Sp  gr.  6-4  to  ^'S*  Its  oonstituiaits  sie,  ooide 
of  uranium  86*5,  black  oxide  of  iron  SM^ 
galena  6*0,  sQica  6,'^Klaprefh,  It  oosorsai 
primitive  rodts.    It  ia  found  in  ComvalL 

3»  UranOt  or  uran  mica. 

Pyramidai  uran  mica.  Cnlour  graas-gnBL 
In  flakes  and  crystallised.  Primitive  fmn,  a 
pyramid,  in  which  theangles  mn  96^X9  wad 
144°  56^.     The  secondary  forms  are»  a  vect- 


ORB 


648 


ORE 


aagttltt  fimr-lided  toblo  or  short  prism^  and 
a  fiiux-tifkd  table  variouily  bevelled  and 
cruncated.  Shining.  Cleavage  fourfold  and 
TCctansular.  Tiaiupaxent  md  translucent 
Scratms  gypsum,  but  not  calcareous  spar. 
6tz«ak  giEeeo.  Sectile.  Not  flexible.  £asily 
frangible.  Sp.  gr.  3-1  to  3-2.  It  decrepttatex 
violmtlj  befora  the  blowpipe  on  charcoal ;  loses 
about  33  per  eent  by  ignition,  and  acqubes  a 
brass-yellow  colour.  Its  ooosticuents  are,  oxide 
of  uranium,  with  a  traoeof  oxide  of  lead  74-4, 
oxide  of  copper  8*2,  water  lb-4.'--Gregor,  It 
oecuts  in  veins  in  primitive  sodcs-  It  is 
found  in  Goniinsll  and  Saxony. 

XXIV.  WoODAKItTU  OaES  ? 

WoodtM  pj^rita.  Colour  dark  tln-white. 
In  vesicular  massive  portions.  Lustre  shining 
imd  metallic.  Ftaotoie  uneven.  Opaque. 
Harder  than  flnor,  but  solier  than  i^fmttte. 
B(itti&  Sp.  gr.  6-192.  It  was  said  to  con* 
tain  90  per  cent,  of  wodailiuni,  oombiDed  widi 
siMiur,  aneoic,  iron,  and  nickeL  It  occurs 
nt  Topscfaaa  in  Hungary. 

XXV.  ZiNcOftEa. 

1.  Red  Mme^  ok  red  (mide  of  zinc.  Colour 
faloodorod,  Maasiva,  dissemuated.  On  the 
ficah  fractme,  shining  Ckavage  single.  Fiac- 
foie  eonchoidaL  Translueent  on  the  edges. 
SasUy  scmtcfaed  by  the  knife.  Brittle.  Streak 
taownish-vellow.  Sp.  gr.  6-22.  It  is  sohible 
in  the  mmeial  ados.  Its  ennstituents  are, 
sine  76,  oxygen  16,  oxides  of  manganese  and 
ixon  kJ~JBrmce.  It  has  been  found  in  New 
JoKf^  North  America. 

^Zhtc  blende. 

Dodeeahedral  zinc  blende. 

a.  TeUov.  Wax-yellow,  and  several  other 
cdknrs,  hlclittiI^$  to  green.  MaMive,  disse- 
ndaated,  and  crystallix^  in  octohednms,  rhom- 
boidal  dodccahednms,  and  twin  crystals.  Splen- 
dent and  adamantine.  Cleavage  dodecahedral, 
or  sixfold.  Translucent  Refracts  tingle. 
Streak  yeUovish-gray.  Harder  than  calca- 
VBOns  ipar.  Brittle.  Sp.  gr.  4  to  4-2.  It 
beoomes  phospheveseent  by  friction.  Its  coo. 
stitucnts  are,  sine  64,  sulphur  20,  iron  6, 
Ihtorie-aeid  4,  silica  1,  water  ^^Bergmtum. 
It  occurs  in  veins,  associated  with  galena.  It 
is  found  at  ClilWm  mine,  nesr  Tyodrum,  in 
PeiAalikef  sIm  to  Flintshire,  flnespedmens 
am  found  in  Bohemia. 

tk  Br&mt  zinc  blende, 

§  1.  FottaUd.  Colour  reddish-brown.  Mas. 
rfva,  <ltwf  mbiatodi  aud  crystalliaedy  in  a  rhom> 
Mdal  Aodecahedion,  an  octohedron,  a  tetra- 
badfon,  and  adcolar  crystals.  Lustre  between 
peady  and  adamantina  Cleavage  sixfold  or 
tessakr.  TraaalapeAt  Streak  yeUovish* 
btomw  Sp.  or.  4-048.  Ito  oonstitaents  are, 
aioc  ^8-S,  enl^ur  23-5,  iron  8-4,  rilica  7*0^ 
—Dr.  l%>mton.  It  ooeurs  in  veint  and  beds, 
in  I«imltlve  and 4nnsiiion  locks.  Itisfoond 
'm  tW  Cmtm  lead  mine,  near  Tyndrum;  at 
€anbckbsad  in  iMiiksfaiia;  at  Leattrillsi 


and  in  all  the  lead  mines  in  England  and 
Wales. 

§  2.  Fibrout,  Colour  dark  reddish-brown. 
Alaasive,  reniform,  and  in  radiated  concre- 
tbns.  Glistening,  inclining  to  pesrly.  Opaque. 
Its  constituents  are,  zinc  62,  iron  3,  lead  5, 
arsenic  1,  sulphur  21,  alumina  2,  water  4. 
It  occurs  in  Huel-Unity  copper-mine  in 
Cornwall. 

c.  Black  zinc  blendr.  Colour  between  gray, 
ish  snd  vdvet-black.  Massive,  disseminated, 
and  crystallized  in  the  same  figures  as  brown 
blende.  Shining,  adamantine.  Opaqu&  The 
blood-ied  variety  U  translucent  on  the  edges 
and  angles.  Streak  dark  yellowish-biown. 
Sp.  gr.  4-1665.  Its  constituents  are,  oxide  of 
sine  53,  iron  12,  arsenic  5,  sulphur  26,  water 
4.  The  black  blende  from  Naygag,  besides 
sine,  iron,  and*  manganese,  contains  a  portion 
of  anrifeious  silver.  It  occurs  in  veins  of 
gneiss,  in  Sweden,  Saxony,  &e. 

Of  the  Analtsib  akd  Reduction  of 
Obes. 

By  consulting  the  table  of  metallic  preci- 
pitants,  and  studying  the  peculiar  habitudes 
of  the  individual  metals  and  earths,  the  reader 
may  acquire  a  knowledge  of  the  methods  of 
separating  them  from  one  another,  and  deter, 
mining  the  proportion  of  each.  The  limits  of 
the  present  work  permit  me  to  ofier  merely  a 
short  aceount  of  the  best  modes  of  analysing  a 
few  of  the  principal  ores  on  the  small  scue, 
and  of  reducing  them  op  the  large. 

I.  AWTIMOyT. 

1.  Native  antimony  was  skilfully  examined 
by  Kkproth,  the  parent  of  accurate  analysis, 
as  follows :  On  100  grains  of  the  pulverized 
mineral  he  poured  strong  nitric  acid,  which 
attacked  it  with  vehemence,  converting  it  into 
an  oxide ;  which  being  predpitable  by  water, 
he  diluted  the  solution  with  this  liquid,  and 
then  filtered.  The  dear  liquid  was  treated 
with  muriatic  add,  which  threw  down  die 
silver  present,  in  the  state  of  muriate,  equiva- 
lent to  1  gndn  of  the  piedous  metal.  Prus- 
siate  of  potash  then  indicated  }  of  a  grain  of 
iron.  The  oxide  of  antimony  was  now  dis- 
solved in  muriatic  add,  the  solution  diluted 
with  water,  and  a  piece  of  zmc  bang  intra, 
duoed,  predpitated  98  grains  of  metallic  anti- 
mony.  Henoe  the  100  grains  of  native  anti- 
mony from  Andreasberg,  consisted  of  metallic 
antimony,         •        •        •        08 

silver,  I 

iron,  0-25 

09-25 

2.  Fibrous  red  antinwnial  ore,  Klaproth 
dkpsted  100  grains  with  muriatic  add,  mixed 
w&  a  few  drops  of  niaous,  in  a  long-necked 
matnmk  There  was  a  gray  residuum  of  U 
gndos  of  sulphur.    '•*'  The  antimony  containea 
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in  the  lolution  was  precipitated  in  the  ftate 
of  a  white  oxide,  by  diluting  it  with  water, 
and  the  small  portion  of  the  metal  still  re- 
maiaing  in  that  fluid  was  afterwards  entirdy 
thrown  down  by  means  of  potash.  The  oxide 
thus  procured  was  redissolved  in  muriatic  add, 
the  solution  diluted  with  six  tiraea  its  quantity 
of  water,  and  once  more  combined  with  such  a 
proportion  of  the  same  solvent,  as  was  neces- 
sary in  order  to  redissolTe  entirdy  that  portion 
of  the  oxide  which  the  afiused  water  had  pr&. 
dpitated.  Afto  the  dilute  sdution  had,  in 
this  mannar,  again  been  rendered  dear,  its 
ingiedieiit  antinoony  was  reproduced  as  metal- 
lie  antimony,  by  immersing  polished  iron  in 
the  liquor.  It  weighed,  when  collected » edul- 
corated, and  dried,  Cyi  graina. — KlaprotK'* 
Analytical  EsMoy*^  vol  ii.  p.  143.  EnglUh 
Transiatkm.  From  the  above  result,  and 
Thenard*s  statement  of  the  constitution  of  tlie 
oxide,  Klaproth  inferred,  that  the  minenl 
consisted  of 

Metallic  antimony,  67*5 
Oxysen,  .  .  108 
Sulphur,     •        .19-7 

980 
3.  If  the  pulverized  sulphuzet  of  antimony 
be  acted  on  by  nitric  aad,  with  heat,  and 
water  be  afterwards  added,  a  prodpitate  will 
fall,  consisting  of  oxide  of  antimony,  with  sul- 
phur  and  sulphate  of  lead.  Sulphate  of  silver 
being  very  soluble  in  dilute  nitric  add,  will 
remain  in  the  liquid.  Muriate  of  soda  will 
throw  down  the  silver,  without  affecting  the 
lead,  if  the  solution  be  hot  and  somewhat 
dilute  The  lead,  if  any  remain,  may  then 
be  predpiiated  by  sulphate  of  soda  in  equiva. 
len^  quantity,  or  by  hydrosulphurec  of  ammo- 
nia :  by  muriate  of  baiytes,  the  sulphuric  add 
resulting  tnm  addification  of  the  sulphur  may 
be  ascertained  ;  and  by  fenoprusaiate  of  pou 
ash,  the  iron.  On  the  first  precipitate  obtained 
by  affusion  of  water,  if  muriatic  add  be  di- 
gested,  the  oxide  of  antimony  will  be  taken 
up,  and  may  be  recovered  in  the  metallic  state, 
by  immersing  a  piece  of  zinc  or  iron  in  the 
muriatic  solution.  Lasting  the  sulphur  may 
be  separated  from  the  sulphate  of  lead  by 
ustulatioo. 

Metallic  antinumy  is  best  obtained  from  the 
•ulphuret,  by  igniting  it,  after  csreful  ustula- 
tioa,  with  half  its  we^t  of  crude  tartar.  The 
metal  will  be  found  at  the  bottom  of  the  cru- 
dble.  Or  the  ustulated  oxide,  mixed  with 
oil,  fat,  and  pounded  charcoal,  is  to  be  ignited 
till  drops  of  the  metal  begin  to  appear;  and 
nitre  equal  to  l-16th  of  the  weight  of  the 
oxide  is  then  to  be  gradtudly  injected.  Or  we 
form  the  martial  regulus  of  antimony  (anti- 
mony containing  a  little  iron  and  sulphur),  by 
adding  1 6  ounces  of  the  sulphuret  to  six  ounces 
of  iron  nails,  ignited  to  whiteness  in  a  crudble. 
M'hen  the  whole  are  in  fusion,  inject  gradu- 


ally two  ounoea  of  pulvomd  i 

the  crudble,  and  uige  the  heat  ibr  a  little. 

Seven  or  dght  ounces  of  tike  regulus  will  hr 

found  at  the  bottom.  By  xepeatiiig  the  fnsioa, 

and  projection  of  nitre,  two  er  diree  dni«a,tfae 

regulus  may  be  brought  ncncr  to  the  stase  at 

puremetaL 

In  what  follows,  I  shall  confine  nifadf  ts 
the  detail  of  a  few  ingenious  and  esoact  ans^ 
lysea. 

2.  BiSHUTH  Oaxs. 

The  following  analyaia  of  a 
tallic  mineral  by  Kl^roth,  is 
structive. 

Kxamination  in  the  humid  way  of  the  bis. 
niuthic  silver  ore  from  ScfaaapbadH  in  the 
Black  Forest,  in  SuabiiL 

(a.)  Upon  300  graina  of  this  OR  he  poased 
three  ounces  of  nitric  add,  diluted  with  act 
ounce  of  water.  The  reaiduuni  being  acttd 
on  with  more  acid,  both  aolutiona  wcseasuBed, 
and  evaporated  to  a  small  volume;  dona^ 
which  process  there  separated  Itom  the  fluid 
some  crystalline  grains,  consisting  of  nitnieet 


(A.)  The  oonceRtratedaolutMin  had  a  i 
ish  colour.  When  afterwards  dilittcd  vithjast 
as  much  water  as  was  requisile  to  nediaaofcr 
that  crystalline  sediment,  it  was  poand  inaa  s 
lai^  quantity  of  water.  This  last  immedi. 
Btdy  acquired  a  milky  iqppearaaoe  ia  a  fa^ 
degree,  and  deposited  a  white  pcedpiiate, 
wBch  weighed  444  gnuD**  when  rollertni, 
lixiviated,  and  dried  in  the  air,  and  proved*  on 
further  examinatiop,  to  be  oxide  of  bismudL 

(c. )  Into  the  liquor  that  had  been  freed  fiora 
this  oxide,  and  was  entirely  dear  aad  ookNir. 
less,  he  then  dropped  muriatic  add  as  long  as 
it  was  rendered  turbid  by  it.  The  prco^iiCate, 
wiilch  now  fdl,  did  not  appear  to  be  mere  mu- 
riate of  silTer;  for  this  seaaw  he  dignted  it 
for  some  time  with  a  rooderatdy  stnag  nitric 
add.  A  considerahld  portion  of  it  was  thos  re- 
dissolved,  and  left  pare  honwfilver  bdiind ; 
which,  uponcacefiil  eoUection,  aad  desioestion 
in  a  briskheat,  w&^ed  46grain8.  Thus, the 
portion  of  pure  silver  is  detomined  at  34| 
grams. 

(d.)  The  nitric  add  that  had  been  afiiued 
upon  the  predpitate  obtained  by  the  nuuiatic 
(c),  yielded  by  dilution  with  mudt  water;  32 
grains  more  of  oxidised  bismuth  ;  which,  with 
Ute  preceding  44^  (&),  gave  together  764 
grains.  Incvdertoaseertainthepropoitkmof 
legnline  bismuth  in  this  oroi|  he  diswlved  100 
grains  of  bismuth  in  nitric  add ;  and*  after 
having  concentrated  the  solution  by  evapsia- 
tijKu,  he  poured  it  into  a  large  quantity  of 
water.  When,  of  the  precipitate  thus  pro- 
duced, nothing  more  would  fall  down,  on  add- 
ing more  water  he  collected  it  en  the  fiher, 
washed  it,  and  suffered  it  to  dry  periacdy  in 
the  air.  It  then  weighed  88  grains.  To  the 
water  which  had  been  separated  from,  it,  nui- 
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Tiatie  add  was  added  by  drops;  whereby  a 
new  pvedpitate  enraed,  weighing  32  grafais, 
after  edulcoration  and  drying. 

As,  by  the  nsalt  of  thu comparative  experi- 

-inent,  100  grains  of  bismuth  have,  upon  the 
whole,  given  123  grains  of  oxide,  it  follows, 
that  the  70}  grainn  of  oxide  (d)  obtained  from 
300  ffrains  of  this  ore,  contain  02j^  grains  of 

-metiJlic  bismuth. 

{c.)  The  remainder  of  the  fluid  was  further 
reduced  by  evaporation ;  and  hi  this  mocess 
muriate  oif  lead  separated  from  it  in  delicate 

•  broad  stiiated  ciystals.  This  liipior  was  then 
combiaed  with  such  a  quantity  of  sulphuric 
acid  as  was  requisite  to  redissolve  those  crys- 
tals, and  a  second  time  evaporated  to  a  con- 
aisteoce  of  pap.  The  ptredpitate  which  thence 
ensued   was  sulphate  of  lead,  weighing  19 

-  grains,  when  duly  collected,  washed,  and  dried. 

(/.)  What  stul  remained  of  the  solution, 

after  its  having  been  fned  ftom  the  lead  be- 

•  fore  eootained  in  it,  was  saturated  with  caustic 
anunonia  added  in  excess.  In  this  way,  a 
brown  ferruginous  precipitate  was  produced ; 
which  waa  rapidly  attracted  by  the  magnet 
and  weighed  14  grains,  when,  after  previous 
desieoationt  it  had  been  moistened  with  linseed 
oil,  and  wen  ignited.  For  these  we  must 
return  10  grains  of  metallic  iron. 

(^.)  The  liquor  whidi  had  been  supersa- 
tuiMed  with  ammonia,  and  which,  by  its  blue 
c<doar,  showed  that  it  held  copper  in  solu- 
tioD,  was  saturated  to  excess  with  sulphuric 
acid.  On  immecaing  then  a  piece  of  pdlidied 
iron  into  it,  two  grains  of  copper  were  de- 
posited. 

(A.)  The  gray  residue  of  the  ore  that  was 
left  behind  by  thenitnc  add  (a.),  weighed  178 
grains.  Bat  when  its  sulphureous  part  had 
been  deflagrated,  in  a  crucible  gently  heated, 
it  weighed  only  140^  grains.  This  deter, 
mines  the  portion  of  sulphur  at  37^  grains. 

(t.)  These  140^  grains  were  digested  widi 
three  ounces  of  muriatic  add,  in  a  heat  of  ebul- 
lition; and  the  process  was  repeated  once 
mora  with  1^  ounce  of  the  same  acid.  These 
solutions,  by  means  of  evaporadoo,  yielded 
tin  the  end  muriate  of  lead  io  tender  spicular, 
and  likewise  in  broad  striated,  crystals ;  which, 
when  again  dissolved  in  the  requisite  quantity 
of  boiling  water,  then  combined  with  sulphuric 
acid,  and  evaporated,  yielded  80  grains  of  sul- 
phate of  lead.  Thus,  the  whole  quantity  of 
this  sulphate,  including  the  19  grains  men- 
Uoned  at  («.)  amounted  io  188  grains;  for 
which,  according  to  comparative  experiments, 
76  grains  of  refpiline  lead  must  be  put  in  the 
computation. 

(At.)  That  portion  of  the  ore  examined» 
which  stiU  remamed  after  all  the  constituent 
parts  before  mentioned  bad  been  discovered, 
««wisted  merely  of  the  gray  quartzate  mairix  i 
the  we%ht  of  whidi,  in  the  ignited  state, 
•mounted  to  70  grains. 

Therefore,  these  300  grainy  of  bismuihic 
Mlver  ore  decomposed  into 


licad,  (0  70.00 

Bismuth,  {d)  02*20 

Silver,  (c)  34-50 

Iron,  (/)  1000 

Copper,  ig)  2.00 

Sulphur,  (A)  37-50 
Quartiose  matrix,  (k)    70-00 


EMlu.ofiBatt. 
3300 
27*00 
1&-00 
430 
0*90 
18-30 
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3.  Analysis  of  Ceute  by  Vaaquelint — 
The  specimen  was  of  a  slight  rose  ooLoar; 
and  saffidendy  hard  to  scrstdi  glass.  Sp.  gr. 
4.53.  Streak  grayish.  Itred£ned  with  cal- 
cination, losing  12  per  cent 

(a.)  100  grains  of  this  mineral,  hi  fine 
powder,  were  mixed  with  ten  thncs  their 
weight  of  nitro-muiiatie  add,  and  subjected  to 
ebullition  for  an  hour :  the  mixtmre  bebg  di- 
luted with  water,  and  filtered,  left  on  the  filter 
a  brown  dust,  which  was  dried  and  fused  with 
caustic  potash.  The  mixture  being  diluted 
with  water,  and  then  dissohred  in  muriatic 
add,  evaporated  to  dryness,  and  redissolved  in 
water,  left  a  powder  which,  when  collected  on 
a  filter,  washed  and  caldned,  weighed  17 
parts:  it  was  pure  silex,  still  sli^tly  co- 
loured  yellow. 

(&•>  The  nitro^muriatic  solution  bemg  eva- 
porated to  dryness,  and  its  residuum  redis- 
solved in  water,  leipt  about  one  part  of  silex, 
coloured  by  a  little  oxide  of  cerium. 

(c.)  The  same  solution,  freed  ftom  silex, 
and  united  to  the  washings  of  the  silex,  was 
decomposed  by  ammonia ;  the  oxide  of  cerium 
and  the  oxide  of  iron,  predpitatcd  by  this 
means,  were  separated  ftom  the  liquid  by  fil- 
tration. The  oxalic  acid  added  to  this  liquid, 
formed  a  pndpitate,  which  by  caldnation 
gave  two  parts  of  time. 

(d.)  The  metallic  oxides,  united  and  cal- 
cioed,  weighed  70  parts ;  they  had  a  beautiftil 
reddish-brown  cokmr.  To  separate  the  iron 
ftom  the  cerium,  the  whole,  was  dissolved  in 
nrariatic  add :  die  soludon  being  concentratfd 
to  evaporate  the  excess  of  acid,  then  diluted 
widi  water,  and  decomposed  by  tartrate  of 
potash,  tliere  was  formed  a  very  abundant 
white  predpitate,  which  bdng  washed  till  it 
contained  no  more  fordgn  salts,  then  dried  and 
caldned,  gave  6?  parts  of  oxide  of  cerium. 

(<;.)  The  water  from  die  washing  of  the 
tartrate  of  cerium  being  united  and  mixed  with 
hydrosulphozet  of  potadi,  gave  a  predpitate 
which  became  black  in  the  air.  It  was  oxide 
of  hron,  the  weight  of  which,  after  caldnadon, 
was  two  parts. 

Thus,  100  parts  of  oerite  ftimished  by  this 
analysis. 

Silica,  W  (6) 17 

Lime  (r),       .....      2 
Oxide  of  uron  ( J),        ...  2 

Oxide  of  cermm  (c),        -        -  »7 

Water  and  carbonic  add,  by  esdinatc,     12 

100 
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4.  Copper  Ores.  AnalyMs  of  Siberian 
tnaladiite,  by  KUpioth:— 

(a.)  100  gHdns  ci  malachxte  reduced  to 
powder,  by  trituiatioii,  were  dissoWed  id  nitric 
add ;  which  was  effected  without  leaving  any 
residue.  The  solution  had  a  bright  blue  cdour, 
and  was  saturated  to  excess  with  ammonia : 
but  the  precipitate  produced  was  entiiely  and 
witlioat  tardiness  redissolved  by  the  excess  of 
the  alludL  This  ahowed  that  the  malachite 
hcK  exammed  was  perfectly  fiee  ftmn  Iran, 
and  similar  admixtuiea. 

(b*)  He  combined  100  grains  of  triturated 
mdadttte,  widi  a  sufficient  quantity  of  sul- 
phuric acid,  previously  diluted  with  five  parts 
of  iKtcr,  and  accurately  weighed  together 
with  the  vessdL  After  the  malachites  had  been 
wholly  disBolved,  which  was  effected  gradually, 
and  with  a  moderately  strong  eflferveacenoe,  ^e 
loss  of  weight  occasioned  by  the  carbonic  acid 
gas  that  was  extricated,  was  found  to  consist 
of  18  gr. 

(c.)  100  grains  of  the  same  powdered  ma. 
lacfaitcs  woe  ignited  at  a  moderate  heat  in 
a  oovdred  aucibls.  The  black  nisidue  had 
lost  29^  ffmina  in  weight.  If  from  these  be 
subtracted  18 
remaining 
water* 

(d.)  And  lastly,  100  gndns,  which  had 
been  dissdved  in  dSnte  sulphuric  acid,  and 
precipitated  by  zinc,  yidded  58  grains  impure 


18  pains  for  the  carbonic  add,  the 
11^  grains  of  loss  will  consist  of 


In  oonseqnenoe  of  these  experiments,  the 
Siberian  naalachites  consist  of 
Copper,  68 

Carbonic  add,  18 
Oxygen,  13  5 

Water,  ILd 

100-0 

5.  OOLO  Ores.  A  veiy  instructive  ana- 
lyMs  of  the  Transylvanian  auriftrous  lamellar 
ore,  from  Naygag,  by  Klaproth: — 

(a.)  1000  grains,  ftesd  in  the  best  possible 
manner  from  the  stony  matrix,  were  triturated, 
and  digested  at  a  moderate  heat,  first  with  ten 
ounces  of  muriatic  add,  to  which  nitric  add 
was  gradually  added.  A  vialent  action  then 
took  pUu^  and  the  black  colour  of  the  pow- 
dered  ore  rapidly  disappeared.  While  the 
fluid  was  yet  hot.  it  was  poured  upon  a  filler ; 
and  the  residue  was  once  more  digested  with 
five  ounces  of  muriatic  acid,  and  die  whole 
filtered.  In  a  short  time  acicular  crystals  were 
deposited  in  the  solution,  which  was  yellow, 
and  likewise  on  the  filtering  paper.  These 
crystals  were  covered  with  boiling  hot  water, 
till  they  were  all  dissolved ;  after  which  only 
the  quartxofle  portion  of  the  matrix  and  some 
sulphur  remained. 

Jb,)  The  sulphurous  ingredient  in  the  ore 
united  into  a  coherent  mass,  and  could 
therefore  be  easily  removed  from  the  earthy 
residue.  Its  weight  was  17i  grains.  Uumed 
tn  a  moderately  heated  calcining  test,  it  left 


8^  graihs  of  Uaekiah  resUmaii,  Hindi  ww 
dissolved  in  muriadc  add,  and  added  to  thf 
foregoing  solution.  Hence  the  quaothy  of 
sulfur  was  14  grains. 

(c)  That  poison  of  the  matrix  wldcfa  od»- 
aiated  of  white  grains  of  quarts,  wd^btd  ia 
the  dry  state  4404  grains.  This  being  mixed 
with  four  times  its  quantity  of  cutboamtm  of 
potash,  was  melted  to  vitrifaetkm.  On  bsestk- 
ing  i^e  cnidble,  a  few  g^bules  of  aOver  wene 
found  dispened;  whid^  however,  eoold  not 
be  well  cobected.  But  from  another  cxpcn. 
ment,  to  be  mentioned  in  the  ac^d,  k  m. 
suited,  that  this  nher  may  be  estimafeed  at 
2^  grains.  Whence,  since  In  the  preacnt  caas 
it  was  in  the  state  of  muriate,  3^  gnaiiia  are  Is 
be  subtraeied,  so  that  of  the  abo««  stated 
vdght  437  grains  remain. 

(d.)  Thesolntian  {&),  from  wiiich,  on  ad£. 
tion  of  the  edulcorating  water,  a  white  tdhuie 
oxide  ikU  down  in  a  great  quantity,  wm  con- 
centrated by  evspsntioB ;  dviw  wUeli  pro. 
ceM  that  predpitate  again  entirety  dsiaatfed. 
On  the  other  hand,  numerova  aryatak  of 
muriate  of  lead  were  deposited  from  the  liqnar, 
even  whHe  warm ;  whidi  bring  taken  mit.  the 
efuporatkm  waa  cairied  on  as  long  n  any 
more  of  them  appeared.  These  cryBtels,  wlsa 
collected,  were  carefully  rinsed  by^  daropiag 
opon  them  nraiiatic  add,  and  fa%hly  oiied 
They  weighed  330  grains,  eqnivaleBt  to  £48 
grains  of  lead  in  the  metallic  atatew 

(f.)  After  the  ooncentxaied  aolntiaD  laad 
been  thus  freed  firom  lead,  he  diluted  it  a  little 
with  water,  and  added  a  birge  quantiQr  ofapiiit 
of  wine,  as  lona  as  any  white  predidiacs  ML 
The  mixture  utving  stood  fog  a  while  in  a 
gentle  warmth,  what  piedpitated  waa  coHertfd 
on  the  filter,  edulcorated  with  ardent  spirit, 
redissolved  in  mtnriatic  add,  and  predpitated 
again  in  the  state  of  a  pure  tdluric  ooode  by 
means  of  caustic  soda,  and  by  strictly  watcbing 
the  predse  point  of  saturation,  llus  oxide, 
wasmd  and  dried,  gave  in  the  balance  178 
grains*  whidi  oorr^KMid  to  148  grains  of 
regoline  tellurium. 

(/)  For  the  purpose  of  aacertabung  tlie 
proportion  of  gold,  be  now  reduced  the  finid 
ftora  whidi  the  tellurium  had  been  aeparated, 
by  distilling  off  the  spirit  of  wine  in  a  leiort ; 
diluted  again  the  concentrated  solntian  with 
water;  and  lastly,  dropped  mto  it  a  nltiie 
solution  of  mercury,  prepared  without  the  as- 
sistance of  heat ;  adding  this  nitrate  until  no 
brown  predpitate  any  longer  appeared,  and 
tiU  the  white  predpitate  wliich  succeeded  the 
brown  no  more  dianged  Us  own  colour. 
After  this  the  mixture  was  placed  in  a  wsim 
temperamit,  wliere  the  wliite  predpitate, 
which  waa  owing  to  Ibe  nitrated  mercuij 
added  in  excess,  again  gnduaUy  disappeared. 
The  brown  precipitate,  which  M  to  the  bot- 
tom as  a  heavy  powder,  was  the  gold  sooght 
for.  When  collected  and  ftised  with  nitrate  of 
potash,  it  gave  a  bead  of  pure  gold,  weighing  ; 
41}  grains. 
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(^•)  The  liqoor  waa  now  aatunted  with 
carbonate  of  itoda,  in  a  boiHng  heaU  A 
copious  bluish-gray  precipitate  ensued,  which 
turned  black.brown  by  ignition.  Diffested 
with  muriatic  acid,  it  dissolved  again  clearly, 
and  gave  out  oxygenated  muriatic  acid  gas. 
By  combining  this  solution  with  liquid  car. 
bonate  of  ammonia  to  a  considerable  degree  of 
9upejrsaturation«  a  grayish-white  precipitate 
was  produced ;  which,  collected,  washed*  and 
dii^  weighed  92  grains,  and  proved  to  be  a 
somewhat  iron^^t  carbonated  oxide  of  man. 
ganose. 

(/«.)  The  ammoniacal  lixivium  (g,)  appeared 
of  a  blue  oolonr.  Af^er  being  supersaturated 
witli  sulphuric  acid,  by  which  it  was  again 
rendered  colourless,  a  small  plate  of  polished 
iron  waa  introduced,  and  the  vessel  put-  in 
a  warm  place.  The  iron  became  gradually 
coated  with  copper,  the  weight  of  which  after 
drying  was  six  grains. 

Therefore  the  1000  grains  Exdurive  of  the 
were  decomposed  into  SS  'nMmgu^tea 

ore. 
liead  (^),  2480  540 

Tellurium  (f),  148-0  322 

Gold  (/),  41-6  90 

SUver(c>,  2-5 

Copper  (/0»  <>0 

Sulphur  (h),  140 

Oxide  of  manganese  (^),       92-0         

QuarU  (c),  437*0        1000 

989*0 
Loss,      110 


05 
1-3 
30 


1000-0 


6.  Iron  Orks  aie  usually  analyzed  by 
fusioti.  On  this  subject  there  is  a  valuable 
essay  by  Mr.  Musbet,  in  the  4th  vcdume  of 
the  PhiL  Magazine.  In  the  hematites  iron 
ore,  for  1  pound  avoirdupois,  he  commonly 
added  6  ounces  dried  chalk,  and  4  of  an  ounce 
of  charcoal ;  and  for  the  spluity  blue  ore  also  a 
simOar  mixture.  From  both  of  diese  mixtures 
be  obtained  the  richest  sort  of  crude  iron.  The 
kidney  ore  wiU  admitof  adiminuti<m  of  chalk, 
and  a  small  addition  of  glass.  One  pound 
avoirdupois  of  this  variety  will  be  accurately 
assayed  by  (he  addition  of  5  ounces  chalk,  I 
ounce  glass,  and  )  of  an  ounce  of  charcoal. 
The  same  proportion  of  mixtures  wiU  also 
accurately  reduce  the  small  pieces  of  this  ore, 
commonly  of  a  soft  greasy  consistence,  mixed 
with  small  fragments  of  the  hematites  and  the 
kidney,  and  mU  give  out  the  iron  which  they 
contam  supercarburetted.  A  mixture  of  this 
soft  ore,  with  kidney,  is  preferred  to  the  richer 
variety  at  the  iron  manufactories.  The  Lan- 
cashire  ore  oonsisu  chieilv  of  this  compound, 
and  the  poorer  in  iron  has  always  a  decided 
preference  given  it  at  the  blast-fumace.  The 
£lba  ore  may  be  reduced  into  smoodi  car- 
buietted  iron,  by  exposing  to  a  mcltbg  heat  2 


ounces  of  it  mixed  with  2  ounces  of  chalk,  If 
ounce  bottle-glass,  and  i  ounce  of  charcoal. 
To  the  Islay  iron  ore,  and  the  Norwegian, 
Danish,  and  Swedish,  Mr.  Mushet  adds,  for 
every  pound,  7  ounces  of  dried  chalk,  3  of  hot- 
de.glaK5,  and  1  of  charcoaL  By  carburetted 
iron  is  meant  <iast.iron. 

I  shall  now  give  an  outline  of  Mr.  Hatcbett*s 
much  admired  analysis  of  the  magnetical 
pyrites* 

(a.)  100  grains  reduced  to  a  fine  powder, 
were  digested  with  two  ounces  of  muriadc 
add,  in  a  glass  matrass  placed  in  a  sand-bath. 
A  strong  eficrvescence  ensued,  occasioned  by 
the  production  of  sulphuretted  hydrogen  gas ; 
and  a  pale  yellowish-green  solutten  was  formed. 
The  residuum  was  dien  again  digested  with 
two  parts  of  muriatic  acid,  mixed  with  one  of 
nitric  add ;  and  a  quantity  of  pure  sulphur 
was  obtained,  which,  being  dried,  weighed  14 
grains. 

(ft.)  The  acid  in  which  the  renduum  had 
been  digested  was  added  to  the  first  muriatic 
solution ;  some  nitric  add  was  also  poured  in 
to  promote  the  oxidizement  of  the  iron,  and 
thereby  to  facilitate  the  precipitation  of  it  by 
ammonia,  wliich  was  added  after  the  liouor 
had  been  boiled  for  a  considerable  tbne.  The 
precipitate  thus  obtained  was  boiled  with 
lixivium  of  potash ;  it  was  then  edulcorated, 
dried,  made  red-hot  with  wax  in  a  covered 
porcelahi  crudble,  and  completely  taken  up 
by  a  magnet,  and  being  weighed,  amounted  to 
80  grains. 

(c.)  The  lixivium  of  potash  was  examined 
by  muriate  of  ammonia,  but  no  alumina  was 
obtained. 

(if.)  To  the  filtered  liquor,  from  which  the 
iron  had  been  predpitatcd  by  ammonia,  muriate 
of  barytes  was  added,  until  it  ceased  to  pro- 
duce  any  precipitate;  this  was  then  digested 
with  some  very  dQute  muriatic  acid;  was 
collected,  washed,  and  after  exposure  to  a  low 
red  heat  for  a  few  minutes  in  a  crudble  of 
platinum,  weighed  155  grains.  If  therefore 
the  quantity  of  sulphur  converted  into  sul- 
phuric add  by  the  preceding  operations,  and 
precipitated  by  barytes,  be  calculated  according 
to  the  experiments  of  M.  Chenevix,  then  155 
grains  of  sulphate  of  barytes  will  denote  nearly 
22-5  of  sulphur  (21.  Dr.  WoUaston's  scale) ; 
so  that  with  the  addidon  of  the  1 4  grams  pre- 
viously  obtained  in  substance,  the  total  quantity 
will  amount  to  36-6  (35). 

(e.)  Moreover,  from  what  has  been  stated, 
it  appears,  that  the  iron  which  was  obtained  in 
the  form  of  Uack  oxide  weighed  80  grains ; 
and  by  adding  Uiese  80  grains  to  the  36*5  of 
sulphur,  an  increase  of  weight  is  found  =  16.5. 
This  was  evidently  owing  to  the  oxidisement 
of  die  hon,  which  hi  the  magnetical  pyrites 
exists  quite  or  very  nearly  in  themetaUic  state ; 
but  by  the  operations  of  the  analysis  has  re. 
ceived  this  addition.  The  real  quantity  of  iron 
must  on  this  account  be  estimated  at  6*3*5. 
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This  analysis  was  Tepeated  in  a  similar  man- 
ner, excepting  that  the  whole  was  digested  in 
nitric  acid,  until  the  sulphur  was  entirely 
converted  into  sulphuric  add.  To  the  liquor 
which  remained  after  the  separation  of  the  iron 
by  ammonia,  muriate  of  barytea  was  added, 
as  before,  and  formed  a  precipitate  which 
weighed  245  grains.  Now  these,  by  Dr..Wol- 
laston*s  scale,  are  equivalent  to  nearly  33-5  of 
sulphur.  Hence  it  would  appear,  that  a  little 
ftulphur  is  dissipated  in  the  form  of  sulphurous 
add,  by  this  mode  of  operation. 

The  theoretical  equivalent  proportions  of 
magnetic  pyrites  are. 

Sulphur,         36-363  2-00 

Iron,  63-636  3-50 

We  thos  see,  that  Mr.  Hatchett's  final 
statement  is  almost  exact,  in  consequence  of 
M .  Chenevix^s  erroneous  estimate  oi  the  com- 
position of  Kulphuric  add  and  sulphate  of 
barytes,  making  a  compensation  for  the  expe- 
rimental deviation,  or  loss ;  amounting  on  the 
iron  to  1*416,  and  on  the  sulphur  to  1-363,  in 
the  100  parts. 

Analjrsis  of  arseniate  of  iron,  by  M.  Che- 
ncvix : — 

100  grains  boiled  with  poUsh  left  58.5. 
The  liquor  treated  by  nitrate  of  lead  gave  of 
arseniate  of  lead  a  quantity  which  he  esti- 
mated as  equivalent  to  31  of  arsenic  add. 
The  58-5  left  4,  which  muriatic  add  could 
not  dissolve,  and  which  were  silica.  Ammonia 
dissolved  9,  and  there  remained  45-5  of  oxide 
of  iron.  This  analysis  presents  tlie  following 
results :  — 

Arsenic  add,  -        31-00 

Oxide  of  iron,  -  45*60 
Oxide  of  copper,  -  9*00 
Silica,  -  -  -  4.00 
Water,  by  inference,         10*50 

100-00 
7.  Lead  Ore.    Analysis  of  yellow  lead 
ore  from  Wanlockhead,  by  Klaproth  : — 

(a,)  Upon  100  grains  of  this  ore,  finely 
levigated,  dilute  nitric  add  was  poured  and 
heated.  They  dissolved,  and  only  a  few  in- 
considerable flocks  escaped  the  action  of  the 
solvent  The  filtered  colourless  solution,  when- 
treated  with  nitrate  of  silver,  gave  10^  muriate 
of  silver,  which  indicates,  says  Khiproth,  1-62 
grains  dry  muriatic  add. 

(6.)  Sulphuric  acid  was  then  prcipented  to 
the  solution.  It  predpitated  the  lead  con. 
tained  in  that  fluid  in  the  state  of  sulphate ; 
which  having  suffered  a  red  heat,  weighed 
108^  grains ;  for  which  80  grains  of  oxide  of 
lead  must  be  alk)wcd. 


phosphate  of  lead  thus  obtained,  he 
18  grains  of  phosphoric  acid  to  have 
in  ueore. 

The  residuary  part  of  the  fluid 


nothing  more  of  the  eeuatitneDt  pu^  ^  the 
minenu,  excepting  a  alight  trace  of  iiOB^  Cod* 


aequently  100  gr.  were  leMlved 
Oxide  of  lead,  80. 
Phosphoric  add,  18- 
Muriaticadd,  l*<i2 

994» 

8.  Analysis  of  G&at  Siltek  Qkb,  bjr 
Klaproth:— 

(a.)  300  grains  of  the  IrwaieBts  adcded 
from  the  pounded  ore,  dioo^  not  petfauUy 
separable  from  the  quaitxoae  gangiie,  with 
which  they  were  firmly  concreted,  veie  kn« 
gated  to  a  subtile  powda,  and  digested  wilk 
four  times  their  wdght  of  nitric  add.  The 
digestion  was  renewed  with  die  Beaidttum  ia 
an  equal  quantity  of  die  same  add;  and  die 
portion  which  still  remained  imdisaaived  then 
assumed  a  grayish-yellow  colour,  and  weigiMd 
188  grains. 

(ft.)  By  die  addition  of  mnriate  of  sods  to 
the  bright  green  nitric  solutioo,  its  silver  wio 
thrown  down ;  and  this  piedpitate,  ooQected 
and  reduced  by  means  ol  soda,  yidded  31^ 
grains  of  metallic  silver. 

(c.)  The  silver  bang  thus  separated,  he 
tried  the  solution  for  lead;  but  neither  the 
neutral  sulphates,  nor  ftee  sulphuric  add, 
could  discover  the  least  dsn  of  it 

(d,)  After  this  he  added  cauadc  vokdle 
alkali,  so  as  to  supersatmate  the  uid ;  a|Nm 
which  a  reddish-brown  precipttate,  of  a  loose 
cohesion,  appeared,  that  by  igmtsoa  beosme 
of  a  black-brown,  and  weighed  9^  grains. 
It  dissolved  in  nitric  add,  leaving  bc£ind  it 
half  a  grain  of  siliceous  earth.  Pmasiate  of 
potash  produced  from  the  fiboed  aoliitioB  a 
deep  blue  predpitate  of  inn ;  and  after  this 
was  separated,  1^  grains  of  alamina  woe  ob- 
tained from  it  by  means  of  sodiu  ThoclBRr 
subtracting  the  siliceous  and  axgiOaoeoas 
earths,  the  portion  of  iron  attzactable  by  d» 
magnet  amounted  to  7i  grains. 

(e.)  To  the  solution,  which  had  bcoi  be- 
fore Aupsrsatuiated  with  pttie  ammonia,  and 
exhibited  a  sapphirB-bliie  eoloiir,  aulpharie 
add  was  now  added  to  excess.  A  poliabed 
piece  of  iron  was  then  immetaed  into  die 
fluid,  from  which  it  predpitated  68  gates  of 
copper. 

(/.)  The  above  giayi&h.yeilow  SMdnvm 
(a.)  was  now  to  be  examined.  It  was  ds- 
gested  with  six  times  its  quantity  of  nniriatic 
add,  in  a  iieat  of  eboUitioo.  Wbcn  dltoed, 
the  residue  which  was  left  on  the  paper^  beiag 


Dj  cne  last  prooen,  ana  was  oia  Btraw.yeiiow, 
the  greater  nart  of  the  fluid  was  draws  ofP  by 
geftUe  disttUatioii  fai  a  retort.  The  remaining 
concentrated  solutioa  then  deposited  some  ay- 
staUioe  gndos,  wliieh  were  carefuUy  collected, 
and  ptwred  upoo  inquiry  to  be  muriate  <k 
silver,  weighing  one-fourth  of  a  grain.  A 
large  quantity  M  water  being  next  poured  into 
the  solution,  a  copious  precipitate  subsided, 
weighing  aifier  desiccation  07^  grains.  It 
proved  by  every  test  to  be  oxide  of  antimony, 
for  which,  as  was  found  by  oomphrative  ex. 
periments,  7^  graias  of  reguline  antimony 
must  he  allowed. 

(A.)  The  residue  obtained  (/),  weighing 
105^  gnins,  which  comprised  the  sulphure- 
oua  part  of  the  ore,  was  exposed  to  alow 
heat,  by  which  treatment  the  sulphur  was 
coiunuiied,  and  B0\  grains  of  silica  remamed. 
Hence  the  quantity  of  the  sulphur  was  equal 
to  25^  grains. 

(«.)  Tlie  siiiceoiis  earth  was  next  fused  with 
four  times  its  weight  of  bbuJ[  fiux.  The 
melted  mass  cnlirjy  dissolved  in  twice  its 
weight  of  water  into  liquor  of  flints ;  some 
minute  particles  of  silver,  weighing  three- 
foartha  of  a  grain,  excepted.  According  to 
thia»  the  proportion  of  silica  amounted  to  79^ 
grams* 

The  whole  constituents  therefore  are, — 


Ore,  exclusive  of 

liUca,  in  lOO 

Silver,        {h) 

31.5 

1 

<>r) 

0.25 

>32.50 

14.77 

(0 

0.75 

J 

Copper,      {€) 

69.00 

31.36 

Antimony,  (^) 

75.00 

34.09 

Iron,          id) 

7.25 

3.30 

Sulphur,    (A) 

25.25 

11.50 

Alumina,  (d) 

1.50 

0.30 

Saica,        (iOand(0     80.00  95.52 

9-  Analysis  of  TiK  Oaes  by  Klaproth  :— 

1.  Tinstone. 

(tf.)  100  grains  of  tinstone  from  Altemon, 
in  Comwa^  previously  ground  to  a  subtile 
powder,  were  mixed  in  a  silver  vessel,  with  a 
lixivium  contaming  600  grains  of  caustic  pot- 
ash. This  mixture  was  evaporated  to  dry. 
nesa  in  a  sand  heat,  and  then  moderately 
ignited  lor  half  an  hour.  When  the  gray, 
white  mass  thus  obtained  had  been  softened 
while  yet  warm  with  boiling  water,  it  left  on 
the  filter  1 1  graaos  of  an  undissolved  residue. 

(ft.)  These  11  grains  again  ignited  widi  6 
times  their  weight  of  caustic  potash,  and  dis- 
solved  in  boiling  water,  left  now  only  1^  grains 
of  a  &ie  yeIlowi8h.gray  powder  behind. 

(c.)  The  alkalme  solution  {a  and  ft),  which 
was  in  aome  degree  colourless,  was  saturated 
wiih  muriatic  *ctil.    A  briUiwit  white  tender 


or  caroonate  or  soda,  wnen  lixiviated  and 
dried  in  a  gentle  heat,  it  acquired  the  form  of 
hright.yellowish  transparent  lumps,  having  in 
thefar  fracture  a  vitreous  lustre. 

(d,)  This  precipitate  beitog  finely  powdered, 
soon  dissolved  entirely  in  muriatio  add,  as- 
sisted by  a  gentle  heat.  Into  the  colourless 
solution,  previously  diluted  with  from  2  to  3 
parts  of  water,  he  put  a  stick  of  zinc ;  and  the 
oxide  of  tin,  dius  reduced,  gathered  around  it, 
in  delicate  dendritic  buninae,  of  a  metallic 
lustre.  These,  when  collected,  washed,  dried, 
and  fined  under  a  cover  of  taUow,  in  a  capsule 
phiced  upon  charcoal,  yielded  a  button  of  pure 
metallic  tin,  weighing  77  grains. 

(tf.)  The  above  mentioned  residue  of  1^ 
grains,  left  by  tlie  treatment  with  caustic  pot- 
ash  ^ft.>,  afForded  with  muriatic  acid  a  yel- 
lowish solution ;  from  which,  by  means  of  a 
little  piece  of  zinc  introduced  into  it,  ^  grain 
(tf  tin  was  still  deposited.  Ferropnusiate  of 
potadi  added  to  the  remainder  of  the  solution 
produced  a  small  portion  of  a  light  blue  pre- 
cipitate ;  of  which,  after  deducting  the  oxide 
of  tin,  now  combined  with  it,  hardly  ^  of  a 
grain  remained  to  be  put  to  the  account  of  tlie 
iron  contained  in  the  tinstor)^  here  exammed. 

In  these  experiments,  (excepting  only  a 
slight  indication  of  silex,  amounting  to  about 
)  of  a  grain),  no  trace  appeared  either  of 
tungstic  oxide,  which  sotne  mineralogists  have 
supposed  to  be  one  of  the  constituent  parts  of 
tinstone,  nor  of  any  other  fixed  substance. 
Therefore  what  is  deficient  in  the  sum,  to 
nialte  up  the  original  weight  of  the  mineral 
analyzed,  must  be  ascribed  to  the  loss  of 
oxygen ;  and  thus  the  o(mstituent  parts  of  pure 
tinstone  from  Altemon  are  to  each  other  in 
the  following  proportion : 

Tin,        77.50 

Iron,         0.25 

saica        0.75 

Oxygen,  21.50 

100.00 

2.  Tm  pyrites,  from  Wheal-Rock,  St 
Agnes,  in  Cornwall. 

(0.)  120  grains  of  finely  triturated  tin 
pyrites  were  treated  with  an  aqua  regia,  com^ 
posed  of  1  ounce  muriatic  add,  and  ^  ounce 
of  nitric  add.  Within  24  hours  the  greatest 
part  of  the  metallic  portion  was  dissolved  in 
it,  without  application  of  heat;  while  the 
sulphur  rose  up  and  floated  on  the  surface  of 
the  menstruum.  After  the  mixture  had  been 
digested  upon  it  for  some  time  in  a  low  sand 
heat,  it  was  diluted  with  water,  and  thrown 
on  a  filter.  It  left  43  grains  of  sulphur  on 
the  paper,  still,  however,  mixed  with  metallic 
particles.  \iTien  the  sulphur  had  been  gen- 
tly burnt  pff  on  a  test,  tJicre  still  rcmnintd 
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19  gmiMi  of  wliicii  8  were  dinolv«i  by  ni- 
tM-miimlic  add.  The  remaining  put  was 
tfaM  igDitsd  with  a  little  wax ;  upon  which 
the  magael  attracted  ]  gnin  of  it  What 
frmaifd  was  part  of  the  siliceous  matrix, 
and  wei^wd  3  grains. 

(6.)  The  nlution  of  the  metallic  portion 
(a.)  was  combined  with  carbonate  of  potash  ; 
and  the  dirty-areea  precipitate  thus  obtained 
was  redlssolvea  in  murifusc  acid^  diluted  with 
8  paita  of  water.  Into  this  fluid  a  cylinder 
of  pive  metallic  tin,  weighing  217  graina,  waa 
inuncned.  The  result  was,  that  the  portion 
of  copper  contained  in  the  solution  deJKisited 
Hadf  on  the  cylinder  of  tin ;  at  the  same  time 
that  the  fluid  began  to  lose  its  green  colour, 
from  the  bottom  upwards,  unlU,  after  the 
comnbte  piecipitation  of  the  copper  in  the 
regiUine  state,  it  became  quite  colourless. 

(&)  The  copper  thus  obtained  weighed  44 
gruns.  By  brisk  digestion  in  nitric  acid  it 
dissolved,  forming  a  blue  tincture,  and  left 
1  grain  of  tin  behind,  in  the  character  of  a 
white  ozideL  Thua  the  portion  of  pure  cop. 
per  consisted  of  43  grains. 

(<2.)  The  cylinder  of  tin  employed  to  pre. 
dictate  the  o^per  now  weighed  128  grains ; 
ao  that  80  grahis  of  it  had  entered  iato  the 
muriatic  solution.  From  this,  by  means  of 
a  cylinder  of  sine,  be  reproduced  the  whole 
of  the  disBcdved  rin,  which  waa  loosely  de- 
posited  upon  the  zinc  in  a  tender  dendritical 
focm.  When  the  tin  was  all  predpitated,  he 
collected  and  lixiviated  carefully,  and  suffiered 
it  to  dry.  It  weighed  130  gmins.  By  mix- 
ing it  with  tallow,  he  mdted  it  into  grains, 
.  under  a  cover  of  charcoal  dust,  in  a  small 
crudble;  and  separated  the  powder  of  the 
coal  by  dutriatioii.  Among  ihe  washed  graina 
of  tin  some  black  partides  of  iron  were  ob. 
served,  which  were  attract!  ble  by  the  magnet, 
and  wdghed  1  grain.  Deducting  this,  tiieie 
remain  129  grains  for  the  wd^t  of  the  tin. 
By  subtracting  again  f^om  these  last  those  89 
grains,  which  proceeded  from  the  cylinder  of 
tin  employed  for  the  precipiution  ot  the  cop- 
per (b.\  there  remained  40  grains,  for  the por. 
don  of  tin  contaiited  in  the  tin  pyrites  ex- 
amined. Hence,  indudtng  the  I  grain  of  tin 
which  had  be«n  seuarated  mxm  the  solution  of 
the  copper  (c),  the  portion  of  pure  tin  con* 
tained  in  this  ore  amounted  to  41  grains. 
The  following  is  a  view  of  the  results  :— 
In  lao  gr.  In  loo. 
Sulphur,  30  25 
Tin,  41         34 

Copper,      43        3G 
Iron,  2  2 

GaDgue,      3        — 
-        97 
119 
The  darker  varieties  are  considerably  poorer 
in  tin.     The  reduction  of  the  ores  of  tin  is 
effected,  by  roasting  the  ore  after  it  has  been 
pulveriied  in  stamping  mills,  and  then  expos- 


ing it  to  haat  in  a  levcrbsBatorjr  or  blaaft  far* 
naoe,  along  with  Welsh  amall  coal  or  culm. 
If  much  copper  be  preaent,  it  ia  aftcrwaidi 
fused  at  a  very  gentie  heat,  and  what  flov> 
off  is  pretty  pure  tin.  i 

Zhic  is  reduced  by  disrillalinn  of  iu  esc 
(previously  roasted)  in  a  retort,  nlong  vixfa 
cnarcoaL 

A  Rulphuzet  of  anc  was  lately  met  with  ia 
one  of  the  Gwennap  mines,  inautiug  a 
spongy  pyrites  inteniuxed  with  quartz,  at^ 
10  Ii£e  wood-tin  as  to  be  sappoaed  a  variety 
of  it  by  the  miners.  According  to  Dr.  Kidd, 
it  consists  of  86  oxide  of  sine,  33  aulpbur, 
and  a  very  minute  portion  of  iron.  The 
pyrites  contains  cobalt. 

In  the  dry  way,  zinc  ia'  reduced  by  dril- 
ling its  ore  after  torrefaction,  with  a  mixtuiv 
of  its  own  weight  of  diarcosl,  in  an  csrtlkfl 
retort  well  lute^  and  a  strong  heat;  but  by 
this  method  scarce  half  the  zinc  it  cootaios  is 
obtained. 

The  tirst  dressing  of  calamine  for  the  iar^ 
works  of  zinc  consists  in  pidrii^  out  all  ths 
pieces  of  lead  ore,  lime,  and  inmatonc,  eaok, 
and  other  heterogeneooa  substaaoes,  wkich 
are  found  mixed  with  it  in  the  mine :  it  is 
then  roasted  in  proper  fiunaoea,  whese  it 
loses  about  a  third  or  tburth  part  of  ita  weight 
It  is  picked  out  again  very  carefully,  aa  the 
heterogeneous  panidcs  have  beconte  move 
discernible  by  the  action  of  the  fire ;  it  is  thea 
ground  to  a  fine  powder,  and  washed  in  s 
gentle  rill  of  water,  whidi  Gardes  oft'  the 
earthy  mixtuBes  of  extraneous  matters;  t^ 
that,  by  these  processes,  a  ton  of  the  end: 
calamine  of  Dtdrbyshire  is  reduced  to  12  cwl 
onlv. 

Bcrgmann  afBnns,  that  a  certain  Englihb- 
man,  whose  name  he  docs  not  mention,  made, 
several  years  ago,  a  vojrage  to  China,  for  the 
purpose  of  learning  the  art  of  smelting  xinc, 
or  tutenague ;  and  that  he  became  instructed 
in  the  secret,  and  returned  safdy  hooae. 

It  is  not  improbable  but  that  a  fact  of  this 
kind  may  have  served  to  estiblish  the  manu- 
factory  of  zinc  in  England  about  the  year 
1743,  when  Mr.  Cbampioa  obtained  a  patent 
for  the  making  of  it,  and  built  the  first  work 
of  the  kind  near  Bristol.  It  oonaista,  as 
Watson  relates,  of  a  circular  kind  of  ovm, 
like  a  glass-house  furnace,  in  whidi  wjre 
placed  six  pots,  of  about  four  feet  each  in 
hdgfat,  much  resembling  large  oil  jaza  ia 
shape :  into  the  bottom  of  each  pot  is  inserted 
an  iron  tube,  which  paaaes  through  the  floor 
of  the  furnace,  into  a  vessd  of  water.  A 
mixture  of  the  prepared  ore  is  made  widi  char- 
coal, and  the  po^  are  filled  with  it  to  the 
mouth,  which  are  then  dose  stopped  with 
strong  covers  and  luted  with  day.  The  fiie 
bdng  properly  applied,  tlie  metallic  vapour 
of  the  caUmine  issues  downwards,  or  per  de^ 
sceiuuniy  through  the  iron  tubes,  there  bein^ 
no  other  place  through  which  it  can  escape; 
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Ikfid  the  iir  being  ezdudcd,  it  does  not  take 
fire,  but  it  oondoised  in  the  water  into  gmnu. 
lated  psrticlBp ;  which,  hei^  lemelted,  «re  caat 
into  logotsy  and  sont  to  finningham  under 
the  name  of  linc,  or  q>elter ;  although  by  thia 
last  name  of  spelter  only  a  granulated  kind 
of  soft  bnaas  la  underatood  among  the  bnudert, 
and  otheia  who  work  in  London,  uaed  to  solder 
pieces  of  bran  together. 

ORIGHAIiCUM.  The  brass  of  the  an- 
cientM  ;  thdc  a$  wta  a  species  of  bronse. 

ORPiMENT.  Sulphuretofanenic  See 
Orbs  ot  Absekic. 

ORTHITE.  A  mineral  so  named  because 
it  always  occurs  in  straight  layers,  generally 
fai  felapar.  It  resembles  gadoVnite,  and  coo- 
siata  ot\  peroxide  of  ceiinm  19.6,  protoxide  of 
iron  13.44,  protoxide  of  manganese  3.44, 
yttria  S.44,  silica  32.0,  alumina  14.8,  lime 
7.84*  water  6.96,^Berzeliut.  It  is  found 
in  the  mine  of  Finbo,  in  tbe  yidnity  of  Fahlun 
in  Sweden.  The  mine  is  situated  in  a  vein  of 
girsnite  which  traverses  gneiss. 

OSMAZOMK.  If  cold  water  whidi  has 
been  ^gested  for  a  few  hours  on  slices  of  raw 
mufcular  fibre,  with  occasional  pressure,  be 
eraporsted,  filtered,  and  then  treated  with 
pure  alcohol,  a  peculiar  animal  principle  wiU 
be  dIssolTod,  to  the  exclusion  of  tne  salts.  By 
dissipating  the  alcohol  with  a  gentle  beat,  tbe 
QsmaaEome  is  obtained.  It  has  a  brownUh* 
yellow  colour,  and  the  taste  and  smell  of  soup. 
lU  aqueooa  solution  affinds  precipitates,  with 
infiiAOD  of  nut-galls,  nitrate  of  mercury,  and 
nitnte  and  acetate  of  lead. 

OSMl  UM.  A  new  metal  lately  discover, 
cd  bT  Mr.  Tennant  among  platina,  and  thus 
called  by  him  ftom  the  pungent  and  peculiar 
smell  of  its  oxide.  For  tiie  mode  in  which  he 
extracted  it,  see  IitmiUM. 

Its  oxide  may  likewise  be  obtained  in  small 
quantity  by  distilling  with  nitre  the  black 
powder  left  after  dissolving  platina ;  when  at  a 
low  red  heat  an  apparently  oily  fluid  sublimes 
into  the  neck  of  the  retort,  which  on  cooling 


concretes  into  a  solid,  colourless,  semitrans- 
parent  mass.  This  being  dissolved  in  water, 
nnns  a  concentrated  solution  of  oxide  of 
osmium.  This  solution  gives  a  dark  stain  to 
the  skin  that  cannot  be  ^ced.  Infusion  of 
galls  presentlv  produces  a  purple  colour  in  it, 
which  soon  after  becomes  of  a  deep  vivid  blue. 
This  is  die  best  test  of  the  oxide.  With  pure 
amnnnda  it  becomes  yellow,  and  slightly  so 
with  carbonate  of  soda.  With  lime  it  forms 
a  bright  ycUow  solution ;  but  it  is  not  affected 
ather  by  chalk,  or  by  pure  magnesia.  The 
solution  with  lime  gives  a  deep  red  precipitate 
with  galls,  which  is  turned  blue  by  acids.  It 
prodioes  no  effect  on  solution  of  gdd  or  pla- 
tina ;  but  precipitetes  lead  of  a  ydlowish- 
brown,  mercury  of  a  white,  and  muriate  of  tin 
of  a  brown  cdour. 

Oxide  of  osmium  becomes  of  a  dark  colour 
witb  alci^l|  and  after  some  time  separates  in 


the  foim  Of  blaok  films,  leaving  the  akdhol 
without  colour.  The  same  effect  is  produced 
by  ether,  and  much  more  quickly. 

It  parts  with  its  oxygen  to  sll  the  metab 
exce^  gold  and  platina.  Silver  kept  in  a 
solution  of  it  some  time  acquires  a  bUuk 
colour,  but  does  not  deprive  it  entirely  of 
amcU.  Copper,  tin,  sine,  and  pbosphmrus, 
ouickly  produce  a  black  or  gray  powder,  and 
deprive  the  solution  of  smell,  and  at  the  pr«^ 
perty  of  turning  galls  blue.  Thia  black 
powder,  which  consists  of  the  metallic  oa* 
mtum,  and  the  oxide  of  the  metal  employed 
to  precipitate  it,  may  be  dissolved  in  nitn^ 
muriatic  acid,  and  dien  becomes  blue  with 
infusion  of  galls. 

If  the  pure  oxide  dissolved  in  water  be 
ahaken  with  mercury,  it  soon  loses  its  smell, 
and  the  metal  fbrms  a  perfect  amalgam.  By 
squeezing  the  supcriiuous  mercury  through 
iMther,  and  distilling  off  the  rest,  a  dark  gray 
ci  blue  powder  is  left,  which  is  the  osmium.  - 

Exposed  to  a  strong  heat  in  a  cavity  in  a 
piece  of  charcoal,  it  does  not  melt ;  nor  Is  it 
volatile,  if  oxidation  be  carefully  prevented. 
With  copper  and  with  gold  it  forms  malleable 
alloys,  which  are  easily  dissolved  in  nitrw. 
muriatic  add,  and  afford  by  distillation  the 
oxide  of  osmium.  The  pure  metal,  previously 
heated,  did  not  appear  to  be  aeted  upon  by 
adds.  Heated  in  a  silver  cup  with  caustic 
alkali,  it  combined  with  it  ana  gave  a  yeUow 
solution,  similar  to  that  from  whidi  it  waa 
procured.  From  thb  solution  acids  separate 
the  oxide  of  osmxum.-.»/'At/.  Trans, 

OSSIFICATIONS.  The  depositfon  of 
ealcareous  phosphate  or  carbonate  on  the  soft 
solids  of  ammal  bodies ;  as  in  the  pineal  gland, 
lungs,  liver,  &.&  See  Pulh.  Cox chetioits. 

OURETIC  ACID.  A  supposed  new  add 
of  Proust  and  Bergmann,  shown  by  Klaproth 
to  be  biphoRpbate  of  soda. 

OXALATES.  Compounds  of  the  salifiable 
bases  with  oxalic  acid.  See  Acid  (OxalicX 
and  the  bases. 

OXALIC  ACID.  This  add  is  described 
under  Acifi  (Oxai.ic)i  It  is  found  hi  the 
state  of  oxalate  of  lime  in  the  roots  of  tbe  fol- 
lowing plants  :^Alkana,  apium,  bistorta, 
carlina  acaulls,  curcuma,  dictamnus  albus, 
fiBnicnlum,  gentiana  rubra,  vincetoxicum, 
lapathum,  liquiritia,  mandragora,  ononis,  iris 
florentma,  iris  nostras,  rheum,  saponaria,  scilla, 
sigillum  salomonis,  tormeni^lla,  Valeriana,  ze- 
dMria,  lingiber.  A  nd  in  the  following  barks : — 
berberis,  cassia  fistularis,  canella  alba,  dna- 
momum,  cascariUa,  caraiacaryophyUata,  china, 
cnhlavan,  frangula,  ftaxinus,  quassia,  quercus, 
simaruba,  lignum  sanctum,  ulmus.  In  the 
state  of  binoxylate  of  potash  it  exists  in  the 
leaves  of  the  oxalis  acetosella,  oxalis  comicu- 
lata,  different  spedes  of  rumcx,  and  geranium 
acidum. 

The  juice  of  the  deer  parittinum  is  said  to 
be  pure  oxalic  add. 
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OXIDATION.  The procesii  of  converting 
tnetak  or  otter  subHaaces  into  oxidct,  by  com- 
biniog  with  them  a  certain  |>ortion  of  oxygen. 
It  dSStn  from  aeidifleatiom  in  the  addition  of 
oxygen  not  being  sofBdent  to  form  an  add 
with  the  rabstance  oxidixcd. 

OXIDES.  Substancei  combined  with 
Axygen,  without  bebg  in  the  state  of  an  add. 

OXYGEN  GAS.  Thin  gas  was  obtained 
by  Dr.  Priodey  in  1774  from  red  oxide  of 
raercuiy  expoeed  to  a  burning  lens,  who  ob- 
florved  its  distinguishing  properties  of  rendering 
combustion  more  vivid  and  eminently  sup. 
{nrting  life.  Sdieele  obtained  it  in  different 
modes  in  I77&;  and  in  the  same  year  trfu 
voisier,  who  had  begun,  as  he  says,  to  suspect 
the  absorption  of  atmospheric  air,  or  of  a  por. 
tSon  of  it,  in  the  esldnation  of  metals,  cx- 
pdled  it  from  the  red  oxide  of  mercury  heated 
in  a  retort. 

Oxygen  gas  forms  about  a  fifth  of  our  at- 
mosphere,  and  its  base  is  very  abundant  in 
nature.  Water  contains  88*88  per  cent,  of  it ; 
and  it  exists  in  most  vegetable  and  animal 
products,  adds,  salts,  and  oxides. 

lliis  gas  may  be  obtained  from  nitrate  of 
potash,  exposed  to  a  red  heat  in  a  coated  gUss 
or  earthen  retort,  or  in  a  gun-barrel ;  frmn  a 
pound  of  which  about  1200  cubic  mdies  may 
be  obtained;  but  this  is  liable,  partieularly 
toward  the  end  of  the  process,  to  a  mixture  o£ 
nitrogen.  It  may  be  expelled,  as  already  ob- 
served,  from  the  red  oxfdeof  mercury,  or  that 
of  lead ;  and  still  better  from  the  black  oxide 
of  manganese,  heated  red-hot  in  a  gun-barrd, 
or  exposed  to  a  gentle  heat  in  a  retort  with 
half  its  wdght,  or  somewhat  more,  of  strong 
aolphuric  add.  To  obtain  it  of  the  greatest 
purity,  however,  the  chlorate  of  potash  is  pre- 
ferable to  any  other  substance,  rejecting  the 
portions  that  first  come  orer  as  being  debased 
with  the  atmospheric  air  in  the  retort.  Growing 
Tegctables,  exposed  to  the  solar  light,  give  out 
oxygen  gas;  so  do  leaves  laid  on  water  in 
simiUiT  situations,  the  greun  matter  that  forms 
in  water,  and  some  other  substances. 

Oxygen  gas  has  ndther  smell   nor  taste. 


Its  sp.  gr.  is  Mill ;  100  cubic  iachei  »e^ 
33-88  gr.  It  is  a  little  heavier  than  atmosplieik  ; 
air.  Under  great  pressure  water  nunr  be  made 
to  take  up  about  half  its  bulk.  It  is  osemisl 
to  the  support  of  life :  an  aolmal  wHI  live  in 
it  a  consuierable  time  longer  than  in  aimo-  i 
spheric  air ;  but  its  respiration  becomes  fanrried 
and  laborious  before  the  whole  is  oonsnnied. 
and  it  dies,  though  a  fresh  animal  of  the  same 
kind  can  still  sustain  life  for  a  certain  time  in 
the  residuary  air. 

Combustion  is  powerfully  supported  by 
oxygen  gas.  Any  inflammable  substance, 
previously  kindled,  and  introduced  into  it, 
bums  rapidly  and  vividly.  If  an  iron  or 
copper  wire  be  introduced  into  a  botde  of 
oxygen  gas,  with  a  bit  of  lighted  touchwood 
or  dian^  at  the  end,  it  wUl  bum  with  a 
bright  light,  and  throw  out  a  number  of 
sparks.  The  bottom  of  the  bottle  Aoold  be 
covered  with  sand,  that  these  sparks  may  not 
crack  it.  If  the  wire  coiled  up  in  a  spiral 
like  a  corksovw,  as  it  usually  is  in  this  ex- 
periment, be  moved  with  a  jerk  the  hiatant  a 
melted  gM»ule  is  about  to  fidl,  so  as  to  throw 
it  against  the  side  of  the  glass,  it  will  melt  iis 
way  through  in  an  instant,  or,  if  the  jerk  be 
less  violent,  lodge  itself  in  the  substanee  of 
the  gkss.  If  it  be  performed  in  a  bell  glass, 
set  in  a  plate  filled  with  water,  the  globules 
vin  frequently  fuse  the  vitreous  glazing  of 
the  plate,  and  unite  with  it  so  as  not  to  be 
separable  without  detaching  the  glaze,  tihough 
it  nas  passed  through  perhaps  two  inches  of 
water. 

OXYGENATION.  Tliis  word  is  often 
used  instead  of  oxidation,  and  frequently  con- 
founded  with  it;  but  it  diiHis  in  being  of 
more  general  import,  as  every  union  with 
oxygen,  whatever  the  product  may  be,  b  an 
oxygenation ;  but  oxidation  takes  place  only 
when  an  oxide  is  formed. 

OXVMEL.  A  compound  of  hooey  and 
vinegar. 

OXVMURTATICACID.    Chloeike. 

OXYPRUSSIC  ACID.  Sec  Acid 
(Chloboprussic). 


PAINTS.  In  the  Philosophical  Trans- 
actions  for  1815,  Sir  H.  Davy  has  communis 
cated  the  results  of  some  ioteresting  researches, 
which  he  had  made  at  Rome,  on  the  colours 
used  by  the  ancient  artists. 

He  found  ihe  reds  to  be  minium,  ochre, 
anddnnaha^ 

The  yellows  were  ochre,  oipiment*  and 
massicot. 

The  blues  were  formed  from  carbonate  of 
copper,  or  cobalt,  vitriBed  with  glass. 


The  purples  wero  made  of  shdl-fiah,  and 
probably  also  from  madder  and  ooduDeal 
lakes. 

The  blacks  and  browns  were  lamp4ilsck, 
ivory-black,  and  ores  of  iron  and  manganese. 

The  whiles  were  chalk,  white  day,  aod 


The  Egyptian  asure,  the  exceUenee  of  which 
is  proved  by  its  duration  for  seventoen  handled 
years,  may  be  easily  and  cheaply  made.  Sir 
H.  Davy  found,  that  Id  parts  by  weight  of 
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carbonale  of  ioda,  20  of  povdoed  opaque 
Hots,  and  3  of  copper  filings,  strongly  healed 
together  for  two  hours,  gave  a  substance  of 
exactly  the  same  tint,  and  of  nearly  the  same 
degree  of  fusibility,  and  whidi  when  powdered 
produced  a  fine  deq>  sliy-blue. 

He  conoeives  that,  next  to  coloured  frits, 
the  most  permanent  pigments  are  those  fur- 
nished by  the  peroxides,  or  persalts,  such  as 
ochrea,  carbonates  of  copper,  patent  yellow 
(aubmuriate  of  lead),  diromate  of  lead,  arsenite 
of  copper,  insoluble  chloride  of  copper,  and 
aulpfaiate  of  barytes. 

M.  Meiime  has  'inserted  a  note  very  inte- 
resting  to  painters  in  the  Annaies  de  Chimie 
ei  de  Phyt,  tost  June  1820.  When  carbonate 
of  load  is  exposed  for  some  time  to  vapours 
of  sulphuretted  hydrogen,  it  becomes  black, 
being  converted  into  a  sulphuret.  This  white 
pigment,  employed  with  oil,  and  covered  with 
a  varnish,  which  screens  it  from  the  air»  may 
be  preserved  for  manv  hundred  years,  as  the 
paintings  ^  the  15tb  century  prove.  But 
when  the  vanish  is  abraded  or  decays,  the 
whites  of  ceruse  are  apt  to  eootxact  black 
specks  and  spots,  which  ruin  fine  jpaintings. 
Miuiatures  in  water  colours  are  frequendy 
injured  in  this  way.  M*  Thenaid  was  re- 
quested to  occupy  himself  with  the  means  of 
removing  these  stains,  without  injuring  the 
rest  of  the  picture.  After  some  trials,  which 
proved  that  the  reagents  which  would  operate 
on  sulphuret  of  lead,  would  equally  attack  the 
texture  of  the  paper,  as  well  as  other  colours, 
he  recollected,  that  among  the  numerous  pbe- 
noroeoa  which  his  discovery  of  oxygenated 
water  had  presented  to  him,  he  obsorved  the 
property  it  potfessed  of  converting  instanUy 
the  black  sulphuret  of  lead  into  the  wMte 
sulphate  of  the  same  metal.  He  gave  a  por- 
tion of  water,  containiog  about  five  or  six  times 
its  volume  of  oxygen,  to  an  artist  who  had 
a  fine  picture  ol  Raphael  spotted  black.  On 
applying  a  few  touches  of  his  pencil,  hfr^  per- 
ceived the  stains  vanish  as  if  by  enchantment, 
without  affecting  the  other  colours  in  the 
slightest  degree. 

PAKFONGh.  The  white  copper  of  the 
Chinese,  said  to  be  an  alloy  of  copper,  nickel, 
and  zinc ;  in  16  parts  of  which  there  are  7  of 
sine,  ^  of  copper,  and  6^  of  nickeL  The 
oombinatioD  of  sine  and  mckd  simply  does 
not  succeed. 

PALLADIUM.  This  is  a  new  metal, 
first  found  by  Dr.  WoUaston  associated  with 
pUti]i%  among  the  grains  of  which  he  sup. 
poses  its  ore  to  exist,  or  an  alloy  of  it  with 
indinm  and  osmium^  scarcely  distinguishable 
^rom  the  crude  pladna,  though  it  is  harder 
«nd  heavier. 

^  If  aude  platina  be  dissolved  in  nitro-mn- 
liatic  acid,  and  piecipitaled  with  a  solution  of 
■nnriate  qH  .ammooia  in  hoi  water;  the  pre- 
capitate  washed,  and  the  water  added  to  the 
nnuttrang  aolvtioii,  and  a  piece  of  elm  sine 


be  immerMd  in  this  liquid,  tiH  no  tohev 

action  on  it  takes  pkoe;  the  precipitate  now 
thrown  down  wiU  be  a  black  powder,  com- 
mtHilyconsisdngof  platina,  palladium,  iridium, 
rhodium,  copper,  and  lead.  The  lead  and 
copper  may  be  separated  by  dilute  nitric  add. 
The  remainder  being  then  'digested  in  nitio- 
muriatic  acid,  and  common  salt  about  half 
the  weight  of  the  precipitate  added  on  the 
soludon,  on  evaporating  this  to  dryness  by  a 
gentle  heat,  the  result  wiU  be,  triple  salts  of 
muriate  of  soda,  with  platina,  palladium,  and 
rhodium.  Alcohol  will  dissolve  the  first  and 
second  of  Uiese,  and  the  small  portion  of  pb- 
tina  may  be  precipitated  by  sal  ammoniac. 
The  soludon  being  diluted,  and  prussiate  of 
potash  added,  a  precipitate,  will  be  throwh 
down,  at  first  of  a  deep  orange,  and  afWwaid 
changing  green.  This  being  dried,  and  heated 
with  a  litde  sulphur  before  the  blowpipe, 
fuses  into  a  globule,  from  which  die  sulphur 
may  be  expelled  by  exposing  it  to  the  ex- 
tremity of  the  fiame,  and  the  p^!Minm  will 
remain  sponey  and  malleable. 

It  Duty  likewise  be  obtained  by  dissolving 
an  ounce  of  nitrate  of  potash  in  five  of  mu- 
riadc  acid,  and  in  this  mixture  digesting  the 
compound  precipitate  mentioned  above.  Or 
more  simply  by  adding  to  a  roludon  of  crude 
platina,  a  solution  of  prussiate  of  mercury,  on 
which  a  flocculent  precipitate  wiQ  gradually 
be  formed,  of  a  yellowish-white  colour.  This 
is  prussiate  of  palladium,  from  which  the  acid 
may  be  expellnl  by  heaL 

Palladium  is  of  a  grayish-white  colour, 
scarcely  distinguishable  from  platina,  and 
takes  a  good  polish.  It  is  ductile  and  very 
malleable ;  and  being  reduced  into  thin  slips 
is  flexible,  but  not  very  elastic.  Its  fracture 
is  fibrousr  and  in  diverging  stris,  showing 
a  kind  of  crystalline  arrangemenL  In  hard- 
ness it  is  sujMrbr  to  wrought  iron.  Its  sp.  gr. 
is  from  109  to  11.8.  It  is  a  less  perfect  coo- 
ductor  of  caloric  than  most  metals,  and  less 
expansible,  though  in  this  it  exceeds  platma. 
On  exposure  to  a  strong  heat  its  surface  tar- 
nishes a  little,  and  becomes  blue ;  but  an  in- 
CKased  heat  brightens  it  again.  It  is  reducible 
per  Mr.  Its  fuskm  requnes  a  mudi  higher 
heat  than  that  of  gold ;  but  if  touched  while 
hot  with  a  small  bit  of  sulphur,  it  runs  like 
zinc.  The  sulphuret  is  whiter  than  the  metal 
itsd^  and  extremely  britde. 

Nitric  add  soon  reauires  a  fine  red  ookmr 
from  palladium,  but  the  qoandty  it  dissolves 
is  small.  Nitrons  add  acts  on  h  move  quiddy 
and  powerfully.  Sulnhuric  add,  by  boilimr, 
acquires  a  dmilar  eolour,  dissolvinga  smul 
portion.  Muriadc  acid  acts  mudi  in  the  same 
manner.  Nitro-muriatk  add  dissolves  it 
rapidly,  and  assumes  a  deep  red. . 

Alkalis  and  earths  throw  down  at  pncipi. 
talc  from  its  ioludons,  generally  of  a  mie 
orange  eolour;  but  it  is  partly  rediaaolved 
in  an  exotss  of  alkaU.    Some  of  the  DsutraL 
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4alta|  pvticOlttly  thoie  of  potash,  farm  with 
it  triple  eompounda,  much  more  soluble  in 
water  than  thoie  of  platina,  but  msoluble  in 
alo^ioL 

Alkalis  act  od  palladium  eren  in  the  me- 
tallic State ;  the  contact  of  air,  however,  pro- 
motes their  action. 

A  neutralized  solution  of  palladium  is  pre- 
dpitated  of  a  dark  orange  or  brown  by  recent 
muriateof  tin :  butif  it  be  in  such  proportions 
m  to  remain  transparent,  it  is  changed  to  a 
beautiful  emerald^pKen.  Oteen  sulphate  of 
iron  precipitates  the  palladium  in  a  metallic 
state.  Sulphuretted  hydrogen  produces  a  dark 
brown  precipitate;  prusaiate  of  potash  an 
olive  coloured;  and  prussiate  of  mercury  a 
yellowish-white.  As  the  last  does  not  pre. 
cipitate  platina,  it  is  an  excellent  test  of  pal. 
ladium.  This  precipitate  is  from  a  neutral 
solution  in  nitric  add,  and  detonates  at  about 
500*  of  Fahr.  in  a  manner  similar  to  gun- 
powdc  Fluoric,  arsenic,  phosphoric,  oxalic, 
lartaric,  dtric,  and  some  other  adds,  with 
their  salts,  prcdpitate  some  of  the  solutioDS  of 
palladium. 

All  the  metals,  except  gold,  silver,  and  pla- 
tina, piedpitate  it  in  die  metallic  state. 

PANACEUM  DUPLICATUAi.  ,OR 
HOLSATICIIM.    BiBulphate  of  potash. 

PANIFICATION.  Process  of  bread- 
making*    See  Bread* 

PAPAW  TREE.  The  juice  of  this  tree 
is  remarkable  for  containing  fibrine. 

PARANTHINE.  Hauy's  name  for 
Soapolite, 

PARENCHYMA.  The  green  juicy  Uyer 
of  barks,  whidi  lies  immcdiatdy  under  the 
epidennis  of  trees. 

PARGASITE.      Common  Actyko- 

LITE. 

PARILLINE.  The  salifiable  base  of 
saxsapariUa,  a  new  vegeto-alkali,  said  to 
have  been  di8€o?eied  by  Ai.  Galileo  Pa- 
lotta.    See  Jouru,  de  Pharm.^  1824,  p.  643. 

PAULITE.    Hypebsthene. 

PASTE.  A  glass  made  in  imitation  of 
the  gems.  M.  DouauluWidand  baa  lately 
siven  the  followiog   directions  for    making 

The  base  of  all  artificial  stones  is  a  oom- 

Cund  of  silex,  potash,  borax,  red  oxide  of 
td,  and  sometiineB  arsenic.  Pure  boiadc 
acid,  and  colourless  quarts,  should  housed. 
Hesoan  cnieibles  are  better  than  those  of  por- 
oelain.  ThefiisUm  should  be  eonttnued  in  a 
poUer*s  furnace  fw  24  hours;  the  more  tran. 
qiUl  and  continued  it  is,  the  denser  the  paste 
and  the  greater  its  beau^. 


FagUt. 
Rock  crystal, 
Msiium^ 
Potash, 
Borax, 
Arsenic, 


1.    2.   3.   4. 

4066  gr.  ^  3466  3600 

6300    ~  6328  — 

2164      1260  1044  1260 

276        360    216    360 

12  12        6    — 


lh$U9,  I.  t.  &     4. 

Ceruse  of  CUdiy.     —       8608      —  8MM 
Sand,  —       3660       —     — 

Topaz,  Na  I.     ^fo.  S. 

Very  white  paste,  1008      34W 

Olass  of  mtimony,  43  ~- 

Cassius  purple^  1  — 

Peroxide  of  iron  (safihm  of 

Mars),  —  36 

Atf6y.— Paste  2880,  oxide  of  maa^aaese 
72.  fmmiU.— Paste  4608,  green  oxide  of 
copper  42,  oxide  of  chrome  2.  Sapphire. — 
Paste  4608,  oxide  of  cobalt  68,  fused  for  30 
hours.  AmethyH^-^9MX/R  4a08«  oxide  of 
manganese  36,  oxide  of  cobalt  24,  purple  of 
Cassiusl.  i9<?ryL~-Paste  3466,  ^Bsa  of  an- 
timony 24,  oxide  of  cobalt  1^  Sipri^ 
Gamete  or  ancient  carbonde. — Pnste  512; 
glass  of  antimony  266,  Casiua  pniple  2; 
oxide  of  manganese  2. 

In  all  these  mixtures,  the  substanocB  ahoiiU 
be  blended  by  stftiBg,  fined  wry  cweAilly; 
and  cooled  vov  >lowly,  being  left  on  tlw  fiic 
from  24  to  30  hours. 

M.  Lan9on  gives  the  foUowisg  rec^fMo: 

/'m<6^— Litharge  100,  iHiite  annd  76, 
potash  10.  Emeraid, — ^Paste  0SI6»  aeeMc 
of  copper  72,  peroxide  of  iron  1>A.  AmrthftU 
—Paste  9216,  oxide  of  manganeae  ftfan  16 
to  24,  oxide  of  cobalt  I. 

PEARL.  A  hi^y  prized  spherical  en- 
cretion,  whidi  is  formed  widun  certain  abel- 
fish.  It  has  a  bluish-white  coiloar,  widi  can. 
sidrrable  lustre  and  iridescence.  Itc 
of  alternating  concentric  layers  of  i 
and  carbonate  of  lime.  To  this 
structure  the  iridescence  is  to  be  aacribed. 
Pearls  aife  of  course  very  sdoble  in  adda^ 

PEARL  ASR.  An  fanpme  potash, 
obtained  by  lixiviation  from  theasbeaof  planto. 

PEARL  SPAR.    See  Bftowir  SfAM. 

PEARLSTONE.  A  aub-SMdea  of  in- 
divisible  quarts  of  Jameson  and  Meha. 

Colour  generally  gray.  MMsive,  vesieahr, 
and  in  coarse  concretions,  iriioae  soffiue  is 
shining  and  very  like  pearL  In  the  oenCie  of 
these  concretions,  spheres  of  obsidian  are  fie- 
quently  met  with.  Lnslie  shintng.  Trsns- 
lucent  on  the  edges.  Most  easily  fiangibl& 
Soft.  Sp.  gr.  2-24  to  24M.  Befbve  the  bknr- 
pipe  it  swdls,  and  punes  into  a  frothy  ghns. 
Its  constituentB  are,  silica  76*26,  alumiaa  12; 
oxide  of  iron  1*6,  potash  4-6,  lime  0^  water 
A'b^—KkffVth.  It  occurs  in  great  beds  in 
day^pocphyry  near  Tokay  in  Hungaiy,  sod 
near  Sandy  Brae  in  Irdaad. 

PEARL  SINTER,  om  FIORITB.  A 
variety  of  sUioeoua  sinter.  Colooia  white  and 
gray.  In  imitative  shapes.  GMstaniag;  be* 
twoen  resinous  and  pearly.  In  thin  eoasaw 
trie  concretaona.  TfanalBeant.  SonldMi 
ghoa,  but  leaa  bard  than  qoana.  BMt. 
Sp.  gr.  1.917.  It  ia  inftMUfle  More  tks 
Uowp^    Its«onaiila«Mi.tfO»  a&icn.94|  akh 


PET 


655 


PET 


mlna  2,  lime  4,^^Santu    It  has  been  found 
on  volcanic  tufTon  the  Vicentioe. 

P£ASTONE.  A  variety  of  Limestone, 
which  see. 

PECHBLENOE.  An  ore  of  uranium. 
PJBI^IOM.  A  blue  colonied  mineraL, 
massiTe  or  cryst&Ihzed,  in  xiz-aided  prisou* 
Fracture  imperfect  oonchoidaL  Cleavage 
fourfold.  liustrc  vitreous  ;  translucent ;  hard 
XM  quarts,  but  britdc.  Sp.  gr.  2-54  to  2*6. 
Beeeoies  electric  by  heating.  Fuses  with  in- 
tumescenoe  before  the  blowpipe  into  a  trans- 
parent bead.  Its  constituents  are,  silica  49, 
alumina  33,  magnesia  ll-d,  oxide  of  iron  4-33, 
manganese  a  trace,  water  h^—Stromeyer, 
It  occurs  at  Bodenmais  in  Bavaria.  Iolite 
seems  to  be  the  same  mineral,  or  a  variety 
of  it. 

PEPP£R.  According  to  M.  PeUetier, 
this  substance  consists  of,  1.  piperine ;  2.  a 
very  acrid  concrete  oil ;  3.  a  volatile  balsamic 
oil ;  4.  a  gummy  coloured  matter ;  5.  an  ex. 
tractive  principle  ;  6.  malic  and  tartaric  acids ; 
7.  starch  ;  8.  bassorine ;  9.  lignins ;  1 0.  earthy 
and  alkaline  salts.  He  affirms  that  there  is 
no  vegeto-alkaline  pepper.  See  PiperikE. 
PERCHLORIC  ACID.  See  Acid 
(Muriatic). 

PERICARDIUM  (Liquor  of  the). 
The  ooQsrituents  of  the  liquor  pericardii  ap. 
pear  to  be 

Water,  -  924> 

Albumen,         .  5*6 

(The  proportion 
of  these  substan. 
Muriate  of  soda,  0-5 \  ecs  is  somewhat 

(^conjectural. 

^        10(M) 

PERIDOT.    Chrysolite. 

PERLATE  SALT  akd  ACID.  See 
Acii>  (PnosPBORic). 

PERLATEU  ACID,  or  OURETIC. 
Biphospbate  of  soda. 

PERU  (Balsam  of).  This  substance  is 
obtained  from  the  mymxylon  peruiferum, 
which  grows  bi  the  warm  parts  of  South 
America.  The  tree  is  full  of  resiu,  and  the 
balsam  is  obtained  by  boiling  the  twigs  in 
water.  It  has  the  consistency  of  honey,  a 
brown  colour,  an  agreeable  smell,  and  a  hot 
acrid  taste. 

PERUVIAN  BARK.    See  Cihchoxa. 

PETALITE.  a  mineral  discovered  in 
the  mine  of  Uto  in  Sweden  by  M.  D*Andrada, 
hiteteating,  ftom  its  analysis  by  M .  Ariredson 
having  led  to  the  knowledge  of  a  new  alkalL 
Exteroally  it  resembles  white  quarts,  but  it 
has  a  twofold  cleavage,  parallel  to  the  sides  of 
arhemboidal  prism;  two  of  which  paraUel 
to  each  other  aie  splendent,  and  the  other  two 
are  duH.  Sp.  gr.  2«4A«  On  minute  inspectioii, 
a  pinkish  hue  may  be  discerned  in  the  white 


colour.  It  scratches  glass,  but  may  be  naed 
b^  a  Icnife.  It  is  scarcely  fusible  by  the  blow- 
pipe, acquiring  metely  a  gUzed  surface,  foil 
of  minute  bubbles.  When  reduced  to  a  fine 
powder,  it  appears  as  white  as  snow.  Placed 
in  nitric  add,  sp.  gr.  1-46,  it  loses  its  white 
colour,  and  changes  to  a  dingy  hue ;  the  add 
at  the  same  time  becomes  douded.  Thesan^e 
acid,  somewhat  dilute,  dissolves  it  without 
effervescence  at  a  boiling  heat.  Its  oonstita* 
ents,  by  M.  Ariredson,  are,  silex  79'212,  alu- 
mina 17-225,  lithia  5-761.  There  is  here  an 
excess  of  2-198  above  the  hundred  parts,  which 
M.  Arfredson  says  he  docs  not  Imow  how  to 
account  for.  M.  Vauqudin  found  7  per  cent. 
of  lithia  in  some  pure  spedmens  of  petalite 
which  M.  Berzdius  sent  bun.  Dr.  Omelin, 
as  well  as  M.  Arfredson,  state  the  sp.  gr.  at 
2*42.  Borax  dissolves  it  with  facility.  The 
bead  is  transparent  and  colourless.  Nitre, 
fused  with  pure  peulite,  does  not  betray  the 
presence  of  any  manganese ;  whenoe  we  noay 
infer  that  it  contains  none  of  this  metaL  By 
Dr.  Gmdin*8  analysis,  petalite  is  composed 
of,  silica  74-17)  alumina  17-41,  lithia  5-16, 
lime  0-32,  moismre  2-17,  and  loss  0-77.  He 
could  detect  no  manganese  in  pure  speoimens* 
Those,  however,  of  a  pale  rose-red  ooloor  con- 
tain it 

PETRIFACTIONS.  Stony  matters  de- 
posited either  in  the  way  ti(  incrustation,  or 
within  the  cavities  of  organised  subatances. 
are  called  petrifactions.  Calcareous  earth  b^ 
ing  universally  diffused  and  capable  of  solution 
in  water,  either  alone,  or  by  the  medium  of 
carbonic  acid  or  sulphuric  acid,  which  are 
likewise  veiy  abundant,  is  deposited  whenever 
the  water  or  the  add  becomes  dissipated.  In 
this  way  we  have  incrastations  of  limestone  or 
of  selenite  in  the  form  of  stalactites  or  drop- 
stones  from  the  roofs  of  caverns,  and  in  various 
other  situations. 

The  most  remarkable  observations  rda. 
tive  to  petrifactions  are  thus  given  by  Kir- 
wan:— 

1.  That  those  of  shells  are  found  on,  or  near, 
the  surface  of  the  earth ;  those  of  fixh  deeper  t 
and  those  of  wood  deepest.  Shdls  in  spede 
are  found  in  immense  quantities  at  comuder* 
able  depths. 

2.  That  those  organic  substances  that  re- 
sist putrelhction  most  are  frequently  found 
petrified;  such  as  shdls  and  the  harder 
spedes  of  woods:  on  the  eentnry,  those 
that  are  aptest  to  putrefy  are  rardy  found 
petrified ;  as  fish,  and  the  soflter  parts  of 
animals,  &G. 

3k  That  they  are  most  eonmioDlj  ibund 
in  strata  of  marie,  dialk,  limestone,  or  day, 
sddom  in  sandstone,  still  more  rardy  in 
gypsum;  but  never  in  gneiss,  granite,  ba- 
saltes,  or  shorle ;  but  they  sometimes  ocouc 
among  pyrites,  and  ores  of  iron,  copper,  and 
silver,  and  ahnest  always  consist   of   that 
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Bpeda  of  earth,  stone,  or  other  mineral  thftt 
gurrotuids  them,  sometimes  of  silex,  agate,  or 
eameliaD. 

4.  That  they  ate  foand  in  dhnates  where 
their  originals  coald  not  have  existed. 

6.  Tlut  those  f<rand  ioT  slate  or  day  are 
eompressed  and  flattened. 

PETROLEUM.    See  Naphtha. 

PETR08ILE X:.    Compact  felspar. 
•  PETUNTSE.    Porcelain  day. 

PEWTER,  vhidi  is  commonly  called  St^n 
in  France,  and  generally  confounded  there 
with  true  tin,  is  a  compound  metal,  the  basis 
of  which  is  tin.  The  best  sort  consists  of  tin 
alloyed  with  about  a  twentieth  or  less  of  cop- 
per or  other  metalKe  bodies,  as  the  experience 
of  die  workmen  has  shown  to  be  die  most 
condudre  to  the  improvement  of  its  hardness 
and  colour,  such  as  lead,  zinc,  bismuth,  and 
antimony.  There  are  three  sorts  of  pewter, 
distinguished  by  the  names  of  plate,  trifle, 
and  ley-pewter.  The  first  was  formerly  mucli 
used  for  plates  and  dishes ;  of  the  second  are 
made  the  pints,  quarte,  and  other  measures  of 
beer ;  and  of  the  ley-pewter,  wine  measmrea 
and  large  vessels. 

The  best  sort  of  pewter  consists  of  17  parts 
of  antimony  to  100  parts  of  do ;  but  the 
French  add  a  Utde  copper  to  this  kind  of 
pewter.  A  very  fine  silver-lookine  metal  is 
composed  of  100  pounds  of  tin,  eight  of  anti. 
mony,  one  of  bismuth,  and  four  of  copper.  On 
the  eontnry,  the  ley-pewter,  by  comparing  its 
specific  gravity  with  those  of  the  mixtures  of 
tin  and  lead,  most  coouin  more  than  a  fifth 
part  of  its  weight  of  lead. 
.  PHARMACOLITE.  Arsenic  bloom. 
Native  arseniate  of  lime.  See  Obks. 

PHILLIPSITE.  A  new  mineral  acoom. 
panying  Herschelita  Form  of  the  crystals 
the  same  as  Harmotome ;  but  Phillipsite  con- 
tains silica,  alumina,  potash,  and  lime,  with- 
out any  trace  of  barytes,  as  is  manifest  by  put- 
ting  a  drop  of  sulpnuric  add  into  thdr  solu- 
tions in  me  nitric  or  muriatic. — Amtalt  &f 
PhU.  X.  362. 

PHLOGISTON.  The  supposed  general 
inflammable  piindple  of  SiahL     See  Cou- 

BirSTIOK. 

PHLOGISTICATED  GAS.  Nitrogen, 
or  asote. 

PHLOGISTICATED  ALKALL  Prua. 
siate  of  potash. 

PHOSGENE  GAS.  Chlorocabbo- 
NOVB  Acid. 

PHOSPHATE  OF  VTTRIA.  A  mi- 
neral found  by  M .  Tank  in  the  ndghbourhood 
of  Lindeoas  in  Norway.  Its  colour  is  yd- 
lowiah- brown.  Sp.  gr.  4*6577.  It  is  scratched 
by  steel.  Fracture  foliated  in  several  direc- 
tions. Eztemally  doll ;  foliated  fhicture  re- 
sinous lustre ;  transverse,  greasy.  In  minute 
fngnnents,  semi-transparent  and  ydlowish. 
At  the  blowpipe,  it  resembles  phosphate  of 


lime.  With  borax,  H  affords'  a  ealixirlesi 
bead,  which  becomes  milky  by  oooling.  The 
adds,  even  when  concentrated,  do  not  dissobv 
it  Its  constituents  are,  by  the  analysis  of 
Bersdins, 

Yttria,  -  .  -  ^SSe 

Phosphoric  add  with  a  little  fluoric,     33-49 
Subphosphate  of  iron,  -  3-95 


100-00 
PHOSPHORESCENCE.  See  Lioht. 
PHOSPHORITE.  A  sub-spedesof  apatite. 

1.  Common  ^otphorite'  Colour  yrflow- 
ish-whtte.  Massive  and  in  curved  lamdlar 
concretions.  Surface  drusy.  Dull.  Fracturt 
uneven.  Opaque.  Soft  and  rather  btitde. 
It  mdts  with  diflicttlty  into  a  white-odoarsd 
glass.  When  rubbed  in  an  iron  mortar,  or 
thrown  on  red-hot  coals,  it  emits  a  grecz)- 
coloured  phosphoric'  light  Its  constituents 
are,  Ume  59,  phosphoric  acid  34,  s3ica  % 
fluoric  add  1,  oxide  of  iron  1. — PeUfUcr,  It 
occurs  in  crusts  in  Estremadura  in  Spain. 

2.  Earthy  phosphoritt.  Colour  graykh- 
white.  It  consists  of  duU  dusty  paztides. 
It  phosphoresces  on  glowing  coals.  Its  coo- 
stituente  are,  lime  47,  phosphoric  add  3S-2a, 
fluoric  add  2-25,  silica  0-5,  oxide  of  iron  0-7^ 
water  1,  mixture  of  quartz  and  loam  I1-& — 
Xlaproth,  It  occurs  in  a  vein  at  Mannarosdi 
in  Hungary.    See  Apatite. 

PHOSPHORUS.  If  phosphoric  add  be 
mixed  with  1.5th  of  its  weight  of  powdered 
charcoal,  and  die  mixture  distilled  at  a  mo- 
derate red  heat,  in  a  coated  earthen  retort, 
whose  beak  is  partially  immersed  in  a  basin 
of  water,  drops  of  a  waxy-looldng  aubstance 
wiU  pass  over,  and,  falling  into  the  water,  will 
concrete  into  the  solid  called  phosphonis  *. 
It  must  be  purified,  by  straining  it  through  a 
piece  of  chamois  leather,  under  warm  water. 
It  is  yellow  and  semi-transparent  It  is  as  soft 
as  wax,  but  fully  more  coheahre  and  ductile. 
Its  sp.  gr.  is  L77.  It  mdts  at  90*  F.  and 
boils  at  550*. 

In  tliC  atmosphcrei  at  common  tcmpera- 
tuRs,  it  emits  a  white  smoke,  which,  in  the 
dark,  appears  luminous.  This  smoke  b 
acidulous,  and  results  from  die  slow  oxygena- 
tion of  the  phosphorus.  In  air  perfect^  dry, 
however,  phosphorus  does  not  smoke,  because 
the  add  which  1b  formed  is  solid,  and  dosdy 
uicadng  the  combustible*  screens  it  fiom  the 
atmospherical  oxygen. 

*  M.  Javal  finds,  that  die  sapetpboaphateof 
lime,  obtained  by  digeating  5  parts  of  caldncd 
bonopowder  with  two  parts  of  solphuiic  add,ia 
better  adapted  to  jridd  phosphonis  br  ignition 
with  diarooal  in  a  retort  than  pure  phosphoric 
acid.  The  latter  sablimes  in  a  great  measure 
undeoomposed.  Ann,deCkim,etdePkjftlqiie, 
June,  1^0. 
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VThm  phosphonxf  1*^  heat«d  in  Om  air  to 
about  148*,  it  tpkes  fire,  and  bums  with  a 
apleodid  white  light,  and  a  oopioul  deme 
smoke,  tt  the  combustion  take  place  within 
a  large  glass  Rcdver,  the  smoke  becomes  con. 
denad  into  snowy  looking  particles,  which 
fan  in  a  aucceasive  qhower,  coating  the  bottom 
plate  with  a  spongy  white  effloiesoence  of  phos- 
phoric add.  .  This  add  snow  soon  liquefies 
by  the  abaoiption  of  aqueous  vapour  from  the 
air. 

When  phosphorus  is  inflamed  in  oxygen, 
the  light  and  heat  are  iDcomparably  more  in- 
tense ;  the  former  dazzling  the  eye,  and  the 
latter  cracking  the  glass  YcsseL  Solid  phos* 
pboric  add  results ;  consisting  of  4  phospho- 
rus +  6-0  oxygen,  or  1  atom  of  phosphorua 
-j-  5  of  oxygen. 

When  phosphorus  is  heated  in  highly  rare« 
ficd  air,  three  products  are  fonned  from  it : 
one  is  phosphoric  acid ;  one  is  a  volatile  white 
powder ;  and  the  third  is  a  red  solid  of  com- 
parative fixity,  requiring  a  heat  above  that 
of  boiling  water  for  its  fusion*  The  volatile 
substance  is  soluble  in  water,  impartbg  acid 
properties  to  it.  It  seems  to  be  phoap&rous 
add.  The  red  substance  is  probably  an  oxide 
of  phosphorus,  since  for  its  conversion  into 
phosphoric  add  it  requires  less  oxvgen  thaz^ 
phosphorus  does.  See  Acids  (Aiospho- 
luc.  Phosphorous,  and  Hypofhospho- 
Bous). 

Phosphorous  add  is  composed  of  1  atom 
phosphorua  +  3  oxygen  =4  +  3=7* 

JE^psphorus  and  chK>rine  combine  with  great 
facility,  when  brought  in  contact  wi^  each 
other  at  conunon  temperatures.  When  chlo. 
rine  is  introduced  into  a  retort  exhausted  of 
air,  and  containing  phosphorus,  the  phospho- 
rus takes  fire,  and  bums  with  a  piJe  flame, 
throwing  ofiT sparks;  while  a  whit«  substance 
rises  and  condenses  on  the  sides  of  the  vessel. 

If  the  chloriue  be  in  considerable  quantity, 
as  much  as  12  cubic  iiidies  to  a  grain  of 
phosphortt,  the  latter  will  entirdy  disappear, 
and  nothing  but  the  white,  powder  wm  be 
formed,  into  which  about  0  cubic  inches  of  the 
chlorine  will  be  condensed.  No  new  gaseous 
matter  is  produced. 

The  powder  is  a  compound  of  phoqphorua 
and  chlorine,  first  described  as  a  peculiar  body 
by^  Sir  H.  Davy  in  1810 ;  and  various  ana- 
lytical and  synthetical  experiments  which  he 
^  made  with  it,  prove  that  it  consists  of  about 
1  phosphorus,  and  6.8  chlorine  in  weight. 
The  equivalent  ratio  of  1  prime  of  the  first 
4*  6  of  the  second  constituent,  gives  4  to 
27>  or  1  to  6-75.  It  is  the  bichloride  of  phos- 
phorus. 

This  case  shows  the  recessity  in  chemistry 
of  abiding  by  experiment;  for  Sir  H.  Davy*s 
untrimmcd  result,  which  had  been  called  in 
question  or  lighdy  esteemed  by  the  ultnu 


HucBuon  or  iignuy  esteemed  by  tAe 
Atomjsts,  who  pitdied  on  1.5  for  the 


prime 


^qidvaknt  of  pboaphonia,  is  now  Nen  to 
accord  perfectly  with  the  oonected  prime 
equivalent  of  Dumas. 

Its  properties  are  veiy  peculiar.  It  is  snow- 
white,  extremely  volatile,  rising  in  a  gaseous 
fionn  at  a  temperature  much  bdow  that  of 
boilhig  wate&  Under  pnaumatic  pressure  it 
may  be  fused,  and  then  it  crystalliaes  in 
tzanspaient  prisms* 

It  acts  violently  on  water,  decomposing  it, 
whence  result  phosphoric  and  muriatic  adds ; 
the  former  from  the  combination  of  the  phos- 
phorus with  the  oxygen,  and  the  latter  Atom 
that  of  the  chlorine  with  the  hydrogen  of  the 
water.  It  produces  flame  when  exposed  to  a 
lighted  taper.  If  it  be  transmitted  through 
an  ignited  glass  tube,  along  with  oxygen,  it 
is  decomposed,  and  phosphoric  add  and  chlo- 
rine are  obtained.  The  superior  fixity  of  the 
add  above  the  chloride  seenas  to  give  that 
ascendancy  of  attraction  to  the  oxygen  here, 
which  the  chlorine  possesses  in  most  other 
cases.  Dry  litmus  paper  exposed  to  its  vapour 
in  a  vessd  exhausted  of  air  is  reddened. 
When  introduced  into  a  vessd  containing 
ammonia,  a  combination  takes  place,  accom- 
panied with  much  beat,  and  there  results  a 
compound,  insoluble  in  water,  undecomposablo 
by  acid  or  alkaline  solutions,  and  possessing 
characters  analogous  to  earths. 

The  protochloride  of  phosphorus  was  first 
obtained  in  a  pure  state,  by  Sir  H.  Davy, 
in  the  year  1809.  If  phosphorus  be  sublimed 
through  conodve  sulUimate,  in  powder  in  a 
glass  tube,  a  limpid  fiuid  comes  over  as  dear 
as  water,  and  having  a  specific  gravity  of  1.45. 
It  emiu  add  fumes  when  exposed  to  the  air, 
by  dccomposiog  the  aqueous  vapour.  If 
pi^er  imbued  with  it  be  exposed  to  the  air,  it 
becomes  add  without  inflammation.  It  does 
not  redden  dry  litmus  paper  plunged  into  it. 
Its  vapour  bums  in  the  flame  oSf  a  candle. 
When  mixed  with  water,  and  heated,  muriatic 
acid  flies  off',  and  phosphorous  add  remains. 
See  Acid  (FuospHonous).  If  it  be  intro- 
duced into  a  vessd  containing  chlorine,  it  is 
converted  into  the  bichloride;  and  if  made  to 
act  upon  ammonia,  phosphorus  is  produced, 
and  tne  same  earthy-like  compound  results 
as  that  formed  by  the  bichloride  and  ammonia. 

When  phosphorus  is  geiitly  heated  in  the 
protochloride,  a  part  of  it  dissolves,  and  the 
fluid,  on  exposure  to  air,  gives  off'  add  fumes, 
from  its  action  on  atmospheric  moisture,  while 
a  thin  fihn  of  phosphorus  is  left  behind,  whidi 
usually  inflames  by  the  heat  generated  from 
the  deoompodtion  of  the  vapour.  The  flrst 
compound  of  this  kind  was  obtained  by  MM. 
Gay  Lussac  and  Thenard,  by  distilling  phos- 
phorus and  calomd  togedier,  in  1808;  and 
they  imagined  it  to  be  a  peculiar  combination 
of  phosphorus,  oxygen,  and  muriatic  add.  ■ 
No  experiments  have  yet  ascertained  the  quan. 
tity  of  phosphorus  wbicli  the  protochloride 
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will  diMolve.    Pn^Mbly,  uys  Sir  H.  Dstj, 

a  definite  combinatioii  ma^  be  obtained,  in 
which  the  proportion  of'  cmorine  will  oonre- 
apond  to  the  proportion  of  oxygen  in  the  oxide 
of  phosphorus. 

The  compounds  of  iodine  and  photphoraa 
have  been  examined  by  Sir  H.  Davy  and  M. 
Gay  Lossac. 

Fhosphonu  anites  to  iodine  with  the  dis- 
engagement of  heat,  but  no  light.  One  part 
of  phosphoras  and  eight  of  iodine  form  a 
compound  of  a  red  orange-brown  colour, 
fusible  at  about  212*,  and  volatile  at  a  higher 
temperature.  When  brought  in  contact  with 
water,  phosphuretted  hydrogen  gas  is  diaen- 
gaged,  flocks  of  phosphcHtts  are  precipitated, 
and  the  water,  which  is  coburless,  contains, 
in  solution,  phosphorus  and  hydriodie  adds. 

One  part  of  phosphorus  and  16  of  iodine 
produce  a  crystalline  matter  of  a  grayish, 
black  colour,  fiisible  at  84«.  The  hydriodie 
acid  produced  by  bringing  it  in  contact  with 
water,  is  colourless,  and  no  phosphuretted 
hydrogen  gas  is  disensaged. 

One  part  of  phosphorus  and  24  of  iodine 
produce  a  black  substance  partially  fusible  at 
1 15*.  Water  dissolves  it,  produchig  a  stnmg 
heat,  and  the  solution  has  a  very  d^  brown 
colour,  which  la  not  removed  by  keeping  it 
for  some  time  hi  a  gentle  heat.  With  1  phoa- 
phorus  and  4  iodine,  two  compounds,  very 
diflerent  from  each  other,  are  obtained.  One 
of  them  has  the  same  colonr  as  that  formed  of 
1  phosphorus  -f  8  iodine,  and  seems  to  be  the 
same  with  it  It  mdts  at  217.5*,  tod,  when 
dissolved  in  water,  yidds  colourless  hydriodie 
•  acid,  phosphuretted  hydrogen,  and  phos- 
phorus;  which  last  predpitates  in  orange- 
yellow  flocks.  The  other  compound  is  a 
rcddish-brown,  does  not  mdt  at  212*,  nor  at 
a  considerably  higher  temperature.  Water 
has  no  sensible  action  on  it  Potash  dissolves 
it  with  the  disengagement  of  phosphuretted 
hydrogen  gas ;  and  when  aqueous  chlorine  is 
])oured  into  the  solution,  it  shows  only  traces 
of  iodine.  When  heated  in  the  open  air,  it 
takes  fire  and  bums  like  phosphorus,  emitting 
white  vapours,  without  any  iodine.  When 
these  vapours  were  condensed  in  a  g^Uos  jar  by 
M.  Gay  Lussac,  he  could  perceive  no  iodine 
among  them.  This  red  substance  is  always 
obtained,  when  the  phosphorus  is  in  the  pro- 
portion of  1  to  4  of  iodine.  M.  Gay  Lussac 
IS  indined  to  consider  it  as  identical  with  the 
red  matter  which  phosphorus  so  often  fur- 
nishes, and  which  is  at  present  considered  as 
an  oxide.  In  whatever  proportions  the  iodide 
of  phosphorus  has  been  made,  it  exhales,  as 
soon  as  it  is  moistened,  acid  vapours,  owing 
to  the  hydriodie  acid  formed  by  the  decom- 
position of  the  water. 

Such  is  the  account  of  the  iodides  of  phos- 
phorus given  by  M.  Gay  Lussac.  The  com- 
bining ratios  are  somewliat  uncertain. 


Fhotfhkretud  hgdrogm^  Of  fhia  cob- 
pound  there  are  two  varietka  r  ooe^  wbaA  nay 
be  called  peiphbsphiiretted  hydrogen  ;  anathev 
piotophosphuretted  hydrogen. 

1.  PerfihtuphureHed  hydrogen,  Inio  a 
small  retort  filled  with  milk  of  lime,  or  polasfa 
water,  let  some  fragments  of  phoaphons  be 
introduced,  and  let  the  beat  of  an  Aigand 
ilame  be  applied  to  the  bottom  of  tlie  ictort, 
while  its  hak  is  Immcned  in  the  wals  of  a 
pneumatic  trough.  Bubbles  of  gas  will  cone 
over,  which  explode  spontaneoody  with  cob. 
tact  of  air.  It  may  also  be  procured  by  the 
action  of  dilute  muriatic  acid  on  pbospliiirtt 
of  lime.  In  order  to  obtain  the  gaa  por^ 
however,  we  must  reodnv  it  over  macniy. 
Its  smell  18  very  diaagreeaUe.  Ita  sp.  ^av. 
is  0.9022.  100  cubic  indies  weigh  27.5  gs. 
In  oxygen,  it  inflames  with  a  Inffliast  white 
light  In  oommon  air,  when  tlie  gaaeoos 
bubble  bursts  the  film  of  water,  and  explodes, 
tiiere  rises  up  a  ring  of  white  smoke,  lominoes 
in  fhe  daric.  Water  abeoiba  about  1.40dief 
its  bulk  of  this  gaa,  and  aeqairca  a  ydbw 
colour,  a  bitter  taste,  and  the  cfaaiacierisde 
smell  of  the  gas.  When  hronglit  in  oootaet 
with  chlorine  it  detonates  with  a  brilfiant  gn» 
light ;  but  the  products  haie  never  bees  par- 
ticnlarly  examined. 

By  transmitting  a  series  of  dectrie  explo- 
sions through  phosphuretted  hydrogen,  the 
phosphorus  is  predpitated,  and  hydnwen  of 
the  original  gaseous  volume  remains,  fience 
the  composition  of  the  gas  may  be  deduced, 
from  a  comparison  of  its  specific  gravity/wiik 
that  of  hydrogen. 

Phosphurttted  hydrogen,      0*9022 
Hydrogen,  0.06M 

Fhos.  =  difference  of  weight,  Ol83M 

Thus  we  percdve,  that  this  oonapoond 
consists  of  0-8328  phosphoms  +  0.0G94 
hydrogen;  or  12  +  1 ;  or  1.5  -^  0^126  =r 
1.625,  wUch  is  the  wdgjit  of  die  sum  of  the 
primes,  commonly  called  the  wdfpit  of  its 
atom.  The  gas  may  be  likewise  oonvcnioitly 
analyzed  by  nitrooa  gaa,  nitroua  oxide^  « 
oxygen.  The  pieoeding  dendties  and  pio- 
pordons  are  those  currently  givoi  by  Bratisb 
writers,  and  are  probably  inconect.  See  these 
numbers  corrected  by  M.  Dumaa  former  on, 
and  also  in  the  general  table  of  Gasss. 

2.  Protofho^ureUed  hydrog€n.  It  was 
discovered  by  Sir  H.  Davy  in  1812.  Whai 
the  crystalline  hydrate  of  phosphorous  add  is 
heated  in  a  retort  out  of  the  contact  of  air, 
solid  phosphoric  add  is  formed,  and  a  large 
quantity  of  subphesphuretted  hydrogen  b 
evolved.  Its  smdl  is  fetid,  but  not  ao  dis* 
agreeably  so  as  that  of  the  precediqg  gas. 
It  does  not  qiontaneoudy  explode  like  it  infli 
oxygen;  but  at  a  temperature  of  300*  a 
vident  detonation  takes  place.  In  ~  ~ 
it  explodes  with  a  white  fiamc;  Waset 
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mis^l^lilihoritsfoliimeof  thfegM.  When 
potassiuin  is  heated  in  It,  its  volume  is  doubled, 
and  the  resulting  gaa  is  pure  hydrogen.  When 
sulphur  is  sublimed  in  I  volume  of  it,  a  sul- 
phuret  of  phosphorus  is  formed,  and  nearly  2  vo- 
lumes of  sulphuretted  hydrogen  are  produced. 
Such  is  the  constitution  of  these  two  com- 
poands  of  phosphorus  and  hydrogen  as  tought 
hy  our  systematists,  and  confirmed  to  appiu 
rent  demonstration  by  Dr.  Thomson  in  nis 
late  work  on  the  First  Principles  of  Chemis- 
try,  I.  203.  But  it  is  to  be  feared  that  the 
ttiofnie  theory,  misapplied,  has  here  acted  as 
a  false  light  merely  to  mislead  from  the 
atra^t  path  of  experiment  Accordingly, 
M.  &umas  in  an  able  memoir  has  adduced 
very  decisive  evidence  of  the  inaccuracy  of  the 
above  views,  and  has  been  led  to  conclude 
that  protophosphuretted  and  perphosphuretted 
hydr^n  ocmtajn  each  the  same  bulk  of  hydro- 
gen, that  is,  1  j-  times  their  own  volume ;  that 
the  quantities  of  phosphorus  with  which  that 
hydrogen  is  combined  in  the  two  gases  are  not 
in  the  ratio  of  1  to  2,  but  of  2  to  3;  that  the 
ratio  of  3  to  6,  instoid  of  1  to  2,  holds  with 
regard  to  the  oxygen  in  phosphorous  and 
phosphoric  acids,  agreeably  to  the  well-known 
determination  of  Berzelius ;  and,  finally,  that 
the  gases  obtained  by  heating  phospnoroua 
acid,  or  by  leaving  perphosphuretted  hydrogen 
over  water  or  mercury  for  a  few  days,  are  not 
difierent  in  their  nature,  but  truly  identical. 
I  have  thought  it  more  instructive  to  present 
die  results  of  M.  Dumas  in  a  supplementarv 
form,  whence  they  may  be  compared  wita 
those  latterly  adopted  in  this  country. 

1.  Protophoiphuretied  hydrogen.  This 
gas  may  be  obtained  perfectly  pure  by  heat- 
mg  the  phosphatic,  phosphorous,  or  hypo- 
phosphorous  acids,  or  by  admitting  fragments 
of  poosphuret  of  Ihne  or  barytes  to  concen- 
trated muriatic  add.  But  the  gas  disengaged 
ftom  phoephuret  of  lime,  by  water  alone,  or 
by  muriatic  add  dOuted  with  10  times  its 
weight  of  water,  consists  in  the  former  case  of 
perphosphuretted  hydrogen  87  +  hydrogen 
IS;  and  in  the  latter  of  perphosphureOed 
hydrogen  07  -)-  water  7>  Protophosphnretted 
hydrogen  is  not  spontaneously  combustible  in 
air,  as  the  other  gas  Is. 

100  measnres  of  protophosphuretted  hydro- 
gen, heated  with  bichloride  of  mercury,  afford 
300  measures  of  muriatic  add  gas,  which  con- 
tain 160  of  hydrogen.  But  when  100  mea- 
lures  of  that  phosphuretted  gas  are  heated  in 
contact  with  sulphur,  only  135  measures  of 
nilphuretted  hydrogen  are  obtained  instead  of 
150;  because  100  of  sulphuretted  hydrogen 
become  90  by  being  heated  with  sulphur ;  and 
00 :  100  : :  136 :  150.  From  inattention  to  this 
iinportant  fact,  several  analjrtical  errors  have 
ttiaen.  The  detonation  of  protophosphuretted 
kydrogen  mixed  with  oxygen  is  elegantly 
^■neted  by  a  alight  diffbence  of  pressures 


by  raising,  for  Instance,  the  eudiometer  tube 
a  few  inches  above  the  level  of  the  mercury. 
If  this  circumstance  be  not  adverted  to,  un- 
expected explosions  may  occur. 

One  volume  of  protophosphuretted  hydro- 
gen gas  absorbs  In  explosion  2  volumes  of 
oxygen;  and  as  the  volume  and  a  half  of 
hydrogen  which  it  contains  requires  }  of  a 
volume  of  oxygen,  the  remaining  ^  of  a  vo- 
lume of  oxygen  must  go  to  the  phosphorus. 
One  volume  of  this  phosphuretted  gas  may 
also  combine  with  a  volume  and  a  half  of 
oxygen,  in  which  case  phosphorous  add  is 
formed  with  the  {  of  oxygen ;  whereas  phos- 
phoric add  was  the  former  product  with  the 
f  of  oxygen.  Thus  it  would  appear  that  the 
quantities  of  oxygen  in  phosphorous  and  phos- 
phoric acids  are  to  each  other  in  the  propor- 
tion of  3  to  5. 

The  perphosphuretted  hydrogen  procured 
by  the  action  of  phosphorus  on  milk  of  lime 
is  spontaneously  transformed  by  keeping  over 
water  to  the  protophosphuretted  gas,  without 
experiendng  any  alteration  in  its  volume, 
simply  by  depositing  phosphorus.  The  pro- 
portion of  pure  hydrogen  which  is  alwa3r8 
present  in  the  perphosphuretted  gas,  and 
which  of  course  remains  mixed  with  the  pro- 
tophosphuretted, is  easily  ascertained  by  solu- 
tion of  sulphate  of  copper,  which  speedily 
absorbs  the  phosphuretted  gas.  Protophos- 
phuretted gas  thus  prepared  and  examined 
was  weighed  with  all  the  requisite  precautions, 
wid  found  to  have  a  specific  gravity  of  1-214, 
air   being    1000.      Deducting  from  1-214, 

0.104  (  =  0.0694  +  ?:^),  bdng  a  volume 

and  a  half  of  hydrogen,  the  remainder  1.110 
is  the  wdght  of  phosphorus  combined  in  this 
gds  with  die  0.104  of  hydrogen.  Now  this  is 
nearly  the  ratio  of  10  to  1 ;  whence,  if  we 
were  to  consider  it  a  compound  of  one  atom 
of  each  constituent,  the  prime  equivalent  of 
phosphorus  would  come  out  10*78  on  the 
hydrogen  scale,  or  1>4  on  the  oxygen. 

M.  Dumas,  who  adopts,  with  Berzelius, 
-0*0623  as  the  atom  of  hydrogen  and  the  radix 
of  atomic  weights,  supposes  that  in  the  proto- 
phosphuretted  gas  6  atoms  of  hydrogen  are 
combined  with  1  of  phosphorus,  and  imers  the 
equivalent  of  phosphorus  to  be  402>3 :  for, 

0103  :  Mil  : :  37-4  (=  6  H)  :  402-3. 
The  number  of  Berzelius  is  392.3 ;  therefore 
M.  Dumas  proposes  to  assume  400,  the  same 
as  M.  Dulong  fixed  on  £rom  the  analyses  of 
perchloride  of  phosphorus  and  phosphuret  of 
copper. 

2.  Perphotphuretted  hydrogen.  This  gas, 
obtained  by  acting  on  phosphorus  in  a  retort, 
with  a  boiling.hot  solution  of  caustic  potash, 
consists  very  uniformly  of  37^  of  perphos- 
phuretted gas,  mixed  with  62^  of  pure  hydro.- 
¥» ;  or  of  3  of  the  former  to  6  of  the  Utter, 
he  phosphuretted  gas  is  easily  abstracted  by 
u  u2 
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a  solution  of  sulphate  or  nitrate  of  copper,  or 
of  coTTOsive  sublimate. 

Pbosphuret  of  barytes  disengages  from  dis- 
tilled  water  a  mixed  gas,  consbting  of  43  of 
pure  hydrogen  and  5?  of  the  perphosphtt- 
retted  gas. 

Phosphuret  of  lime,  acted  on  by  a  little 
water  over  mercury,  affords  a  similar  mixture 
of  gases,  of  which  87  are  perphosphuretted, 
and  13  pure  hydrogen.  The  same  substance, 
acted  on  by  strong  muriatic  acid,  aifords  pn>- 
tophosphuretted  hydrogen  with  deposition  of 
phosphorus. 

The  pophosphuietted  hydrosen  obtained 
by  boiling  milk  of  lime  on  phosphorus  is  most 
variable  in  its.  proportion  of  intermingled  hy- 
drogen ;  this  being  near  the  beginning  of  the 
process  about  30  per  cent,  and  towards  the 
end  so  high  as  66.  Yet  all  these  gases  are 
equally  inflammable  io  the  ur. 

Corrosive  sublimate  acts  on  the  above  mixed 
gases  as  it  does  on  protophosphuretted  hydro- 
gen, and  the  hydrogen  gas  intermingled  re- 
mains pure,  without  combining  with  the  chlo- 
rine, at  least  at  the  heat  of  the  alcohol  flame. 
The  action  of  the  corrosive  sublimate  becomes 
energetic  whenever  it  melts.  The  gas  enlarges 
much  in  volume,  and  an  oiange-brown  matter 
is  produced.  76  parts  of  the  mixed  gas,  con- 
taining  47}  of  pure  hydrogen  and  28}  of  per- 
phosphuretted  gas,  lUforded  86  of  muriatic 
acid  gas,  containing  43  of  hydrogen ;  whence 
perphosphuretted  hydrogen  evidently  contains 
a  volume  and  a  half  of  pure  hydrogen  con- 
densed into  one  volume,  just  like  the  proto- 
phosphuretted gas.  The  eas  from  phosphu- 
ret of  lime  and  water,  which  is  the  purest  that 
can  be  obtained,  afforded  also,  by  a  similar 
treatment,  3  volumes  of  muriatic  acid  gas  for 
every  volume  of  the  cure  perphosphuretud  hy- 
drogen, indicating  1^  volume  of  pure  hydrogen 


condensed  in  that  nng^e  volume.  The  mod 
gas  from  phosphuret  of  lime  snd  water  cos 
tains  from  II  to  12  per  cent,  of  uneambind 
hydrogen.  Such  mixed  gas,  heated  by  t  tpint 
flame,  in  contact  with  fine  iron  or  copper  viit 
in  a  glass  vessel,  affords  out  of  everf  f<to« 
of  the  perphosphuretted  gas  1}  mmt  d 
pure  hydr^en. 

In  Older  to  effect  the  analysis  of  tbe  per. 
phosphuretted  gas  by  oxygen,  3f.  Tksm 
prepared  absolutely  pure  carbonic  acid.  SeM 
of  it  he  mixed  with  its  own  volume  of  p«w 
oxygen ;  and  some  with  variabte  ppopatkw 
of  perphosphuretted  hydrogen  obtained  fen 
potash  water  and  phosphorus.  He  then  tow 
the  mixture  of  carbonic  acid  ns  and  oxj^ 
to  212®  or  230»  F.  and  introduced  into  it  l^ 
bubble  after  babble  the  mixture  rf  caAow 
acid  and  perphosphuretted  '^T'^^^B^^V^ 
these  precautions  the  experiment  procttw 
quietly ;  each  bubble  exploded  on  entang, 
however  minute  it  might  be.  The  light  ^ 
faint  and  yellowish,  without  Ac  lostie  oi 
vivacity  observed  in  the  ordinary  combos!** 
of  this  kmd.  When  the  operation  w«  on- 
pleted,  he  absorbed  the  carbonic  Mid,  ^ 
moist  fragments  of  caustic  potash  a«o  °  * 
cess,  and  measured  carefully  ih^  vf^ 
ascertaining  tbe  purity  of  the  residual  «JF 
by  explosion  with  hydrogen  in  the  «di«D«« 
over  mercury.  From  the  mean  of  ^^^f^ 
riments,  it  results  that  J6l  n»««^f  ^ 
phosphuretted  hydn^n,  produced  brj" 
action  of  phosphorus  on  water  <^J^  ^ 
sume  162  measures  of  oxygen;  ^»*"?^^ 
regarded  as  the  ratio  of  volume  to  wla^' 
But  this  ratio,  so  shnple  in  *PP<*^^ 
comes  somewhat  complex  when  wc  cww 
consign  to  each  of  the  bodies  ^^^^ 
phos^uretted  hydrogen  contahis,  thepor«^ 
of  oxygen  due  to  it.     In  fact. 


8  measures  of  the  above  gas  =  5  hydrogen  -{-  3  perphosphuretted  hydrogen 
8  oxygen  =  2.5  -|-  5-6. 

That   is   to  say,  3  volumes  of  pnre  per-    of  oxygen ;  or  8  volumes  contov^* 
phosphuretted  hydn^en  consume  6.5  volumes    oxygen ;  but 


14^  rf 


8  perphosp.  hydr.  pure  = 
14.6  oxygen  = 

It  is  therefore  evident,  that,  in  the  combustion 
of  perphosphuretted  hydrogen  made  under  the 
above  specified  conditions,  the  hydrOgen  takes 
2  volumes  of  oxygen  and  the  phosphorus  3,  to 
form  water  and  phosphorous  acid. 

Perphosphuretted  hydrogen  gas,  left  to  it- 
self for  some  days,  loses  a  third  of  the  phos- 
phorus that  it  contains,  passing  to  the  state 
of  protophosphuretted  hydrogen  without  any 
chance  of  volume.  When  &e  perphosphu- 
retted hydrogen  is  decoraiM>aed  by  the  prot- 
oxide of  azote,  8  volumes  of  the  former  con- 


6rf 


12  hydr.  -f-  x  phosphoras 
6  4-  6-6  phosphorus. 

sume  21  of  the  oxygen  of  the  ^"^'  /^ 
which  go  to  the  12  of  hydrogen »°  f  \°  ho- 
perphosphuretted  gas,  and  15  to  ^^K^^^^ii 
rus.  In  this  case  phosphoric  ^\r^^  ^ 
Hence  tlie  same  quantity  of  pbospnoro  ^^.^ 
either  9  or  16  volumes  of  ^^'^Sf '  jjei 
gives  the  rektion  of  3  to  5  fori»";^L  per- 
The  explosion  of  protoxide  of  aW)te  ^^^^ 
phosphuretted  hydrogen  is  cstt'^'^^Wnned  oo 
and  ought  on  this  account  to  be  V«^' 
small  quantities. 
The  specific  gravity  of 
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bydrogen,  deCenniiiad  by  H.  Dumas  with 
much    care,  was  fouDd  to  be  -  1-761,  from 
which  if  we  deduct  1^  voL  of  hydr.  0-104, 
we  shall  have  the  reminder  =  1-667     for 
phosphorus.    Hen  the  proportion  reduced  to 
hydrogen  as  unity  is  16  to  I.    M-  Dumas, 
Muppoaing  the  hydiogen  and  the  phosphorus 
to  be  oomhined  in  the  ratio  of  4  atoms  of  the 
fimner  to  2  atoms  of  the  latter,  states  the 
fcdlowiDff  proportion : 
ai03  s  1.668 : :  24-87  (=  4  H)  :  400-33; 
which  would  be  the  atomic  weight  of  phos- 
phorus on  the  scale  of  Berzelius,  where  ozy- 
gen   ==   100,  and  hydrogen   =  6-2176,  or 

In  this  ingenious  and  elaborate  research  of 
M.  Dumas,  nothing  is  more  striking  than 
the  difierenoe  between  his  specific  gravities  of 
these  two  gases,  and  the  densities  assigned  to 
the  same  gases  in  Dr.  Thomson's  FUrtt  Prm^ 
«ipfe<r.  when  every  number,  by  a  process,  of 
logical  legerdemain,  is  made  to  tally  with  his 
atomic  notioos  to  the  3d  or  4lh  place  of  ded- 
mala.  Thus  his  gas  (perphosphuretted  hy- 
drogen) from  phosphnret  of  lime  and  water, 
has  a  spb  gr.  of  0*00277  >  uid  is  thus  nuule 

Hydrogen,    1  volume  0-06944  or  1  atom  0- 126 
3Phosphonis,ldo.       0-83333     1  1-6! 

090277 
Bih^drogurei  of  ohotphonit  (protophos- 
phnietced  hydrogen  of  Dumas) 


Hydrogen,  2  voL 
Phosph.      1  do. 


01388 
a8333 

0-9721 


is  made  to  contain  two  vo- 
and  have  a  density  = 


Here  this 
lumcs  of  b] 
0.9722! 

Fbosphoros  and  sulphur  are  capable  of 
combiohig.    They  may  be  united  by  melting 
them  together  in  a  tube  exhausted  of  air,  or 
under  water.    In  this  last  case,  thOT  must 
be  used  in  small  quantities ;  as,  at  tne  mo- 
ment of  their  action,  water  is  decomposed, 
somefcimes  with  explosions.    They  unite  in 
many  proportions.     The  most  fusible  com- 
pound IS  tnat  of  one  and  a  half  of  sulphur  to 
two  of  phosphorus.     This  remains  liquid  at 
40"  Fahrenheit.    When  solid,  its  colour  is 
ye]lowish..white.   It  is  more  combustible  than 
pho^thoffus,  and  distils  undecompounded  at  a 
Strang  heat.    Had  it  consisted  of  2  sulphur 
-f  4  phosphorus,  we  should  have  had  a  defi- 
nite compound  of  I  prime  of  the  first  +  1  of 
the  second  constituent    This  proportion  ibnus 
the  best    composition    fat  phosphoric  fire- 
matches  or  botdes.     A  particle  of  it  attached 
to  a  brimstone  match,  inflames  when  gently 
nibbed  against  a  surface  of  cork  or  wood.  An 
oxide  made  by  heating  phosphorus  in  a  narrow- 


mouthed  phial  with  an  ignited  wire  answers 
the  same  purpose.  The  phial  must  be  kept 
dosely  corked,  otherwise  phosphorous  acid  is 
fpeedfly  formed. 

PhosphoTu^  is  soluble  in  oils,  and  commu- 
nicates to  them  the  property  of  appearicg  lu- 
minotts  in  the  dark.  Alcohol  and  ether  also 
dissolve  it,  but  more  sparingly. 

When  swallowed  in  the  quantity  of  a  grain 
it  acts  as  a  poidon.  Azote  oissolves  a  litue  of 
it,  and  has  its  volume  enlarged  by  about 
l-40th.    See  Evdtometeb. 

PHOSPHORUS  (of  Baldwin).  Ignited 
muriate  of  lime. 

PHOSPHORUS  (of  Canton>  Oyster 
shells  calcined  with  sulphur. 

PHOSPHORUS  (of  Bologna).  See 
Light.    Suh>hate  of  barytes. 

PHOSPHURET.  A  compound  of  phos- 
phonis  with  a  oombusrible  or  metallic  oxide. 

PHOTICITE.  A  mixture  of  the  silicate 
and  carbo-silicate  of  manganese. 

PH  YLLADB,  (INTERMEDIARY  ). 
The  name  given  by  the  French  geologists  to 
graywacke  date. 

PHYSALITB,  OR  PYB0PHY8A- 
LITE.  Colour  greenish-white.  Massive. 
In  granular  concretions.  Splendent  in  tlie 
deavage,  which  is  perfect,  and  as  in  topax. 
Fracture  uneven.  Translucent  on  the  edges. 
As  hard  as  topaz.  Sp.  gr.  3.451.  It  whitens 
with  the  blowpipe.  Its  constituents  are,  alu- 
mina 67-74,  silica  34.36,  fluoric  add  7*77.  It 
is  found  in  granite  at  Finbo,  in  Sweden.  It  is 
a  sub-species  of  prismatic  topaz.— t/a«iwj0R. 

PICNITE,  OE  PYCNITE.      ScHOtt- 

LITE. 

PICROLITE.  A  massive  mineral  of  a 
green  or  yellow  colour,  consisting  chiefly  of 
magnesia. 

FIGROMEL.  The  characteristic  nrind- 
pie  of  bile.  If  sulphuric  acid,  diluted  with 
five  parts  of  water,  he  mixed  with  fresh  bile,  a 
yellow  predpitate  will  faU.  Heat  the  mixture, 
then  leave  it  in  repose,  and  decant  off  the  dear 
part  What  remains  was  formerly  called  ns 
sin  of  bQe,  but  it  is  a  greenish  compound  of 
sulphuric  add  and  picromcl.  Edulcorate  it 
with  water,  and  digest  with  carbonate  of  bary. 
tes.  The  picromel  now  liberated  will  dis- 
solve  in  the  water.  On  evaporating  this  solu- 
tion, it  is  obtamed  in  a  solid  state.  Or  by 
dissolving  the  green  sulphate  in  alcohol,  and 
digesting  the  sdution  over  carbonate  of  potash 
till  it  cease  to  redden  litmus  paper,  we  obtain 
the  picromd  combined  with  alcohoL 

It  resembles  inspissated  bile.  Its  colour  is 
greenish-yeEow;  its  taste  is  intensdy  bitter  at 
first,  with  a  succeeding  impression  of  sweetness. 
It  is  not  affected  by  infusion  of  galls,  but  the 
sslts  of  iron  and  subacetate  of  lead  predpitate 
it  from  its  aqueous  solution.  It  alfords  no 
ammonia  by  its  destructive  distillation.  Hence 
the  absence  of  asote  is  inferred,  and  the  pecu- 
liarity of  picromel. 
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PIGROTOXIA.  The  bitter  and  polMQ. 
OttS  principle  of  coecului  indicti4^  the  fruit  of 
the  meni^i>erfnum  cocculut.  To  the  filtered 
decoction  of  these  berries  add  acetate  of  lead, 
while  any  predpitate  falls.  Filter  and  e?apo- 
rate  the  liquid  Cautiously  to  the  consistence  of 
an  extnct  DiasqiLve  in  alcohol  of  0.817,  and 
evaporate  the  solution  to  dryness.  By  repeal 
ing  the  solutions  and  eraporations,  we  at  last 
obtain  a  substance  equally  aoluble  in  water 
and  alcohoL  The  colouring  matter  may  be 
removed  by  agitating  it  with  a  little  water. 
Crystals  of  pure  picrotozia  now  fall,  which 
may  be  washed  wi^  a  little  alcohoL 

The  crystals  are  foor-sided  prisms,  of  a  white 
colour,  and  intensely  bitter  taste.  They  are 
soluble  in  25  times  their  weight  of  water,  and 
are  not  prccipitable  by  any  known  reagent 
Alcohol,  sp.  gr.  0.810,  dissolves  one-third  of 
its  weight  of  picrotoxia.  Pure  sulphuric  ether 
dissolves  2^ths  of  its  weight 

Strong  sulphuric  add  dissolves  it,  but  not 
when  niucli  diluted.  Nitric  acid  converts  it 
into  oxalic  add.  It  dissolves  and  neutralizes 
in  acetic  acid,  and  falls  when  this  is  saturated 
with  an  alkalL  It  may  therefore  be  regarded 
as  a  vegeto-alkali  itself.  Aqueous  potash  dis- 
solves it,  without  evolving  any  smell  of  ammo- 
nia.    It  acts  as  an  intoxicating  poison. 

Sulphate  of  jncrotoxia  must  be  formed  by 
diFsolvirg  picrotoxia  in  dilute  sulphuric  ado, 
for  the  strong  add  chars  and  destroys  it*  The 
wlution  crystallizes  on  cooling.  The  sulphate 
of  picrotoxia  dissolves  in  120  times  its  weight 
of  boiling  water.  The  solution  gradually  lets 
Ml  the  Halt  in  fine  silky  filaments  disposed  in 
bunoL'S,  and  possessed  of  great  beauty. 
When  dry,  it  has  a  white  colour,  and  feels 
elastic  under  the  teeth,  like  plumose  alum. 
It  is  composed  of 

Sulphuric  acid,  9-99       5 

Picrotoxia,  90-01     45 


100  00 

Nitrate  of  pierofoxia.  Nitric  acid,  of  tlie 
specific  gravity  1.38,  diluted  with  twice  its 
weight  of  water,  dissolves,  when  assisted  by 
heat,  the  fourth  of  its  wdght  of  picrotoxia. 
^V'hen  this  solution  is  evaporated  to  one  half, 
it  !)ccomes  viscid,  and  on  cooling  is  converted 
into  a  transparent  mass,  similar  to  a  solution 
cf  gum-arabic  In  this  state  the  nitrate  of 
picrotoxia  is  acid,  and  exceeding  bitter.  If  it 
be  still  further  dried  in  a  temperature  not  ex- 
ceeding 1400,  it  swells  up,  becomes  opaque, 
and  grows  at  last  perfectly  white  and  light, 
like  calcined  alum.  If  we  keep  it  in  this  state, 
at  a  temperature  below  that  of  boiling  water, 
adding  a  little  water  occasionally,  the  whole 
excess  of  acid  exhales,  and  the  taste  becomes 
purely  bitter.  When  this  salt  is  washed  in 
pure  water,  the  add  is  totally  removed,  and 
the  picrotoxia  is  separated  in  the  state  of  fine 
white  plates. 

Muriafr  of  ptcrotoria.    Muriatic  acid,  of 


die  specific  gravity  1.148,  has  Iftde  aedOB  ee 
picrotoxia.  It  dissolves  It  when  nigwtwf  br 
heat,  but  does  not  become  entizeiy  aafutztei 
Five  parts  of  this  add,  diluted  with  tfane  dma 
its  weight  of  water,  d^sdlve  about  one  part  <rf 
picrotoxia  at  a  strong  boiUng  tempcntBRw 
The  liquor,  on  oooli^,  is  couvertea  iato  ■ 
grayish  crystalline  mass,  eompeaed  of  eoDfuaai 
crystals.  When  these  crystal  are  weB  wariisd, 
they  are  almost  destitute  of  tMta^  aad  fed 
elastic  under  the  teeth.  They  dissolTe  is 
about  400  tunes  thdr  wdght  of  boOii^  watfr, 
but  are  almost  entirely  Spouted  on  oooiiBg. 
The  solubility  is  much  increaoed  by  the  pie. 
sence  of  an  excess  of  add. 

Acetate  cfpicroioxitu  Acetic  acid  dissolvei 
picrotoxia  very  wdl,  and  may  be  neaiiy  aata- 
rated  with  it  by  the  assistance  of  a  boOiag 
heat  On  cooling,  the  acetate  predpiiales  m 
well-defined  prismatic  needles.  ThM  aeelate 
is  soluble  in  50  times  its  weight  of  boQipg 
water.  On  cooling,  it  forms  crystals  of  great 
beauty,  l^ht,  widumt  any  acid  smdl,  aad 
much  leas  bitter  than  picroteoda  itad£  It  is 
decomposed  by  nitric  add,  which  diacngiys 
the  acetic  add.  IHlute  sulphuric  add  has  ns 
marked  action  on  it  It  is  not  so  poisoDaas  at 
pure  picrotoxia. — BotUlay,  Ann.  de  Chimie, 

M.  Casaseca  denies  the  existence  of  mesi- 
spermic  acid,  and  of  picrotoxia,  as  an  alkaliiie 
base.  It  is  merely  a  peculiar  bitter  vegetal^ 
prindple  as  M.  Boullay  first  aunooneed.— 
Ann.  de  Chimie,  xxx.  307. 

PIMELITE.  A  variety  of  steaiiie,  fiMsd 
at  Kosemutz,  in  Silesia. 

PINCHBECK.  An  alloy  of  cap\ 
which  tlie  proportion  of  sine  is  greafeor  I 
brass. 

PINEAL  CONCRETIONS.  Matter  of 
a  stony  consistence  is  sometimes  depodicd  in 
the  substance  of  the  pineal  gland,  foiuieily 
reckoned,  from  its  position  in  me  centre  of  the 
brain,  to  be  the  seat  of  the  soul,  the  intdlec- 
tnal  sanctuary.  These  concretions  were  proved 
by  Dr.  WoUaston  to  be  phosphate  of  lime. 

PINEY  TALLOW.    Bee  Tallow. 

FINITE.  MicardleofKhrwan.  Odour 
bladrish-green.  Massive^  in  lamellar  eoncre- 
tions,  and  ctystaHized  in  an  eqnia&galar  six- 
sided  prism;  in  the  same  figure  tiuncated 
or  bevelled,  and  in  a  rectangular  fbor-oded 
prism.  Cleavage  shining;  lustre  leifooas. 
Fracture  uneven.  Opaque.  Soft.  Sectile; 
frangible,  and  not  flexible.  Feds  somewhat 
greasjr.  Spec.  grav.  2.96.  Infusible.  lu 
consutuents  are,  silica  29.5,  alumina  6S.7&. 
oxide  of  iron  6,75 — Klaotofh,  It  is  found  in 
tlie  granite  of  St  Michad^  Mount,  ComwaH; 
and  in  porphyry  in  Olen-fHoe  and  Bhur- 
Gowrie. 

PIPERINE.  The  active  prindple  of  pep. 
per,  a  new  vegetable  princmle  extracted  nwn 
black  pepper  by  M.  PeHetur.  To  obtain  it, 
black  pepper  was  digested  repeatedly  hi  akx>. 
h(d,  and  the  solution  evaporated,  imd)  a  Uiocf 
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nsiiums  mallev  ww  left    Xhii,  od  bdoa 
waabed  in  waim  water,  became  of  a  good 
sraen  oolour.  It  had  a  hot  and  buiDing  taste; 
dlaaalved  readily  in  alcohol,  len  so  in  ether. 
Gcmcentzated  sol^uxic  add  gave  it  a  fine 
tyemrlet  coLoor.    The  alcoholic  solution  after 
some   dajB  deposited  OTStab ;  which  were 
piunfied  by  npcated  cnrstallisatian  in  alcohol 
and  ellMi;    They  then  nmned  cokmrless  four- 
aided  priams,  witti  single  indined  terminations. 
Thicy  hare  scarcely  any  taste.    Boiling  water 
diaaolvea  a  small  portion ;  but  not  cold  water. 
They  aie  soluble  in  acetic  add :  from  which 
coaoabmatian  feathes-fonned  crystals  are  ob. 
tained.     This  substinoe  fuses  at  ^12*  Fahr. 
The  fatty  matter  left  aflter  extracting  the  pipe- 
Tine,  ia  solid  at  a  tempemtuie  near  32<*,  but 
liquefies  at  a  sli^t  heat.     It  has  an  extremely 
bitter  and  acrid  taste,  is  very  slighdy  volatile, 
toiding  rather  to  decompose  than  to  rise  in 
▼spoor.     It  may  be  considered  as  composed  of 
two  oils  s   one  volatile  and  balsamic ;  tlie  other 
more  fixed,  and  containing  the  acrimony  of 
the  peppes; 
PISOLflTE.    Peastone. 
PISTA.CITE.    See  Epidote. 
PITCH.    See  Bitumek. 
PITCH  CQAL.    See  Coal. 
PITCH  ORE.   SeeOREBOFUaAMiuM. 
PITCHSTONE.    A  sub-species  of  indi. 
visible  quarts.       Colour  green.      Massive. 
Vitreo-xesinoas  lostie.    Feebly  transparent  on 
the  edm.    Fractaie  oonchoidaL    Semi-haid 
m  a  U^  dqprae.    Bather  easily  frangible. 
Spec.  grav.  2.2  to  2.3.    It  is  fusible  before 
the  blowpipe.    Its  constituents  ue,  silica  73, 
alumSiui  14.6,  lime  1,  oxide  of  iron  1,  oxide 
of  manganese  0.1,  natron  1.76>  water  a5. — 
Klapraik,    It  occurs  in  veins  that  traverse 
granite.    It  is  found  in  Arran,  in  Mull,  Canna, 
ikye,  and  in  the  Townlsnd  of  Newry,  where 
it  was  first  observed  by  Mr.  Joy  of  Dublin. 
PITCOAL.    See  Coal. 
PITTIZITS.  Pitchy  iron  ore.  See  Ores 
OF  Iron. 
PLANTS.    See  Vegetable  KiyoDOM. 
PLASMA.      Colour  between  grsss^igreen 
snd  leefc.green.    In  sngular  pieces.    Glisten- 
ing,     nactnre    conchoidal.      Translucent. 
Uaid.    Brittle.    Spec  grav.  2.553.    InfusU 
Ue.    Itscoosftitiie&ts8re,si]ica96.75,8lumina 
0.25,  iron  OJ^,  loss  2.5.— JtbiprotA.    It  occurs 
in  beds  associated  with  common  cslcedony. 
It  is  found  also  among  the  ruins  of  Rome. 

PLASTERS  in  surgery.  Soap  of  oxide  of 
lead,  or  compounds  of  resin  and  fat,  either 
skne  or  combined  with  the  ftmner. 
PLASTER  OF  PARIS.  Gypsum. 
PLATINA  is  one  of  the  metals  for  the 
discovery  of  which  we  are  indebted  to  modem 
times.  Its  OK  has  recently  been  found  to 
contain,  likewise,  four  new  metals,  palladium, 
iiidinin,  osmium,  and  rhodium^  which  see, 
bcsids  iron  and  chrome. 


The  crude  pbtina  is  to  be  dissolved  in 
nitro-muiiatic  add,  precipitated  by  muriate  of 
ammonia,  and  exposed  to  a  very  violent  heat. 
Then  the  add  and  alkali  are  expelled,  and 
the  metal  reduced  in  an  agglutinated  state, 
which  is  rendered  more  compact  by  pressure 
while  red-hot. 

Pure  or  refined  platioft  is  by  much  the 
heaviest  body  in  nature.  lu  spec  grav.  is 
21.5.  It  is  very  malleable,  though  consider, 
ably  harder  than  either  gold  or  silver ;  and  it 
haidens  much  under  the  hammer.  Its  colour 
on  the  touch-stone  is  not  distinguishable  from 
that  of  silver.  Pure  platina  requires  a  very 
strong  heat  to  melt  it ;  but  when  urged  by  a 
white  heat,  its  parts  will  adhere  together  by 
bammeriog.  This  property,  which  is  distin- 
guished  by  the  nauie  of  wdding,  is  peculiar  to 
platina  and  iron,  which  resemble  each  other 
likewise  in  their  infusibility. 

Platina  is  not  altered  by  exposure  to  lur; 
ndther  is  it  acted  upon  by  the  most  concen- 
trated  simple  adds,  even  when  boiliog,  or 
distilled  from  it. 

The  aqua  regia  best  adapted  to  the  solution 
of  platina  is  composed  of  one  part  of  the  nitric 
and  three  of  the  muriatic  acid.  The  solution 
does  not  take  place  with  rapidity.  A  small 
quanti^  of  nitric  oxide  is  disengsged,  the  co. 
lour  of  the  fluid  becoming  first  yellow,  and 
afterward  of  a  deep  reddish.brown,  which,  upon 
dilution  with  water,  is  found  to  be  an  intense 
yellow.  This  solution  is  very  corrosive,  and 
tinges  animal  matters  of  a  blackish. brown 
colour :  it  afTords  crystals  by  evaporation. 

Count  Aloussin  Poushkin  has  given  the  fol. 
lowing  method  of  preparing  malleable  pla- 
tina:— 

Predpitate  the  platina  from  its  solution  by 
muriate  of  ammonia,  and  wash  the  predpitate 
widi  a  little  cold  water.  Reduce  it  in  a  con. 
veident  cnidble  to  the  well,  known  spongy 
metallic  texture,  which  wash  two  or  three 
times  with  boiling  water,  to  carry  off  any  por- 
tion of  ssline  matter  that  may  have  escaped 
the  action  of  the  fire.  BoU  it  for  about  half 
an  hour  in  as  much  water,  mixed  with  one- 
tenth  part  of  muriatic  acid,  as  will  cover  the 
mass  to  the  depth  of  about  half  an  inch,  in  a 
convenient  g^  vessd.  This  will  cany  off 
any  quantity  of  iron  that  might  still  exist  in 
the  metaL  Decant  the  add  water,  and  edul- 
GOiate,  or  strongjly  ignite  the  platina. 

To  one  part  of  this  metal  take  two  parts  of 
mercury,  and  amalgamate  in  a  glass  or  por- 
phyry mortar.  This  amalgamation  takes  place 
very  readily.  The  proper  method  of  conduct- 
ing it  is  to  take  about  two  drachms  of  mercury 
to  three  drachms  of  platina,  and  amalgamate 
them  together ;  and  to  this  amalsam  may  be 
added  alternate  small  quantities  of  platina  and 
mercury,  till  the  whole  of  the  two  metals  is 
combined.  Several  pounds  may  be  thus 
amalgamated  in  a  few  hours,  and  in  the  large 
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WBj  t  proper  mill,  mig^t  shorten  tbe  openu 
tion* 

As  soon  BB  the  imiilgam  of  mercury  it 
m&de,  compress  it  in  tubes  of  wood,  by  the 
pressure  of  an  iron  screw  upon  a  cylinaer  of 
wood  adapted  to  the  bore  of  the  tube.  This 
forces  the  suncrabundaat  mercury  from  the 
amalgam,  ana  renders  it  solid.  After  two  oi 
three  hours,  bum  upon  the  coals,  or  in  a  cru« 
dble  lined  with  charcoal,  the  sheath  in  which 
the  amalgam  is  contained,  and  urge  the  fire  to 
a  white  heat;  after  which  the  platina  may 
be  taken  out  in  a  very  solid  sutc,  fit  to  be 
forced. 

Muriate  of  tin  is  so  delicate  a  test  of  pla- 
tina,  that  a  single  drop  of  the  recent  solution 
of  tin  in  mnriatic  add  gives  a  bright  red  co» 
kmr  to  a  solution  of  muriate  of  platina,  soarodly 
distioffuishable  from  water. 

If  2te  muriatic  solution  of  platina  be  agi- 
tated with  ether,  the  ether  wUl  become  im- 
pregnated  with  the  metal.  This  ethereal  solu- 
tion is  of  a  fine  pole  yellow,  does  not  stain  the 
skin,  and  is  predpi table  by  ammonia. 

If  the  nitro-muriatic  solution  of  platina  be 
predpitated  by  lime,  and  the  predpitate  di- 
gtisted  in  sulphuric  add,  a  sulphate  of  plati- 
num will  be  formed.  A  subnitrate  may  be 
formed  in  the  same  manner.  According  to 
M.  Chenevix,  the  insoluble  sulphate  contains 
54.5  oxide  of  platinum,  and  45.5  add  and 
water;  the  insoluble  muriate,  70  of  oxide; 
and  the  subnitrate,  89  of  oxide ;  but  the  purity 
of  the  oxide  of  platinum  in  these  is  uncer- 
tain. 

Platinum  does  not  combine  with  sulphur 
directly,  but  is  soluble  by  the  alkaline  sul- 
phurets,  and  precipitated  from  its  nitro-muri- 
atic solution  by  sulphuretted  hydrogen. 

Fdletier  united  it  with  phosphorus,  by  pro- 
jecting small  bits  of  phosphorus  on  the  metal 
heated  to  redness  in  a  crudble ;  or  exposing  to 
a  strong  heat  four  parts  each  of  platinum  and 
concrete  phosphorfc  acid  with  one  of  charcoal 
powder.  The  phosphuret  of  platinum  is  of  a 
silvery.whitA,  very  brittle,  and  hard  enough  to 
strike  fire  Wf  Ji  sted.  It  is  more  fiisible  than 
the  metal  itsdf,  and  a  strong  heat  expds  the 
phosphorus,  whence  Pelletier  attempted  to  ob- 
tain pure  platinum  in  this  way.  He  found, 
however,  that  the  last  portions  of  phosphorus 
were  expelled  with  too  much  diflficulty. 

Platinum  unites  with  most  other  metals. 
Added  in  the  proportion  of  one-twelfth  to  gold, 
it  forms  a  yellowish-white  metal,  highly  duc- 
tile, and  tolerably  dastic,  so  that  Mr.  Hatdiett 
supposed  it  might  be  used  with  advantage  for 
watch-springs,  and  other  purposes.  Its  spe- 
dfic  gravity  was  19.013. 

Platinum  renders  silver  more  hard,  but  its 
colour  more  dulL 

Copper  is  much  improved  by  alloying  with 
platinum.  From  l-(>th  to  l-25th,  or  even 
less,  renders  it  of  a  gnlden  colour,  harder,  sus- 


oqidUe  of  a  ilDor  psikfay  1 
much  lass  liaUe  to  nitc 
•  Alloys  of  pladnunr  with  tin  aad  lead  sb 
yery  apt  to  tamisfa.    See  Ibov. 

From  its  hardneaa^  infiiaifaility,  aad  diS- 
culty  of  bdng  acted  upon  by  most  sgouB, 
platinum  is  of  great  value  for  makiBg  Tsriasi 
diemical  vessels.  These  have,  it  is  trae,  ds 
inconvenience  of  being  lialde  to  ooaiGD  fite 
the  caustic  alkalk  and  mdm  of  the  onflil 
salts. 

Platinum  ia  now  hammcnd  in  P«is  an 
leaves  of  extreme  thinnwia.  By  eadoeag  i 
wire  of  it  in  a  little  tube  of  ailvet,  anddnvis^ 
this  through  a  ateel  plate  in  the  usual  nj. 
Dr.  Wollaston  haa  anoceeded  in  psodDdng 
platinum  wire  not  ezoeeding  l-SOOOth  of « 
inch  in  diameter. 

For  some  cuciotta  phenomena  o£  its  fiuOi 
see  Blowpipe  ;  and  for  the  siagnlar  sctiai 
of  hydrogen  on  spongy  platinum,  seeHfsao- 
GEN  and  £VD10MSTE«.  TbcR  SR  tso 
oxides  of  platinuDi  s— 

1.  When  100  parts  of  the  protoehloridesr 
muriate  of  platinum  are  calcined,  tliey  ksre 
73^  of  metal  I  26.7  of  dilorine  escape.  ^^ 
ibe  prime  equivalent  of  the  metal  would  seat 
to  be  12.3.  When  the  above  jsnoloeUorideii 
treated  with  caustic  potash,  it  kicsdved  ais 
a  black  oxide  of  platinum  and  cUoode  or 
potassium.  Thi^  oxide  should  consist  <if  12^ 
metal -h  1  oxygen.  It  »  diffiiaUi  to  noaoc^ 
this  statement  of  M.  Bercelins  with  what  te 
dsewheie  says;  for  it  would  appeal^  t^  i7 
the  same  treatment,  an  oxide  is  obtMPCfl,^ 
taining  2  prime  equivalmta  of  otyp^^  *J 
and  a  small  fraction  of  platinttni,  aDiled«>> 
of  oxygen.  Considerable  obscurity  stiU  h«|P 
over  the  oxides  of  thia  metaL 

An  oxide  of  platinum  has  been  docnbed  Df 
Mr.  E.  Davy,  wbidi  appean  to  be  inW™^ 
diate  between  the  peroxide  aad  pn<o^  . 
Beizdius.  It  wag  formed  by  bdltog  fidi«- 
nadng  platinum  in  strong  nitric  add,  0^ 
the  product,  and  heating  it  to  ne»  «JJ^ 
then  washing,  first  with  water,  and  sftffwrm 
with  a  little  potash.  It  has  a  dark  noo-giV 
colour ;  is  not  afiected  by  nitric,  solpo""^  » 
phosphoric  acid;  and  insoluble  in  tama^ 
and  nitro-muriatic  adds,  unless  whoa  WJ  ^ 
heated.    It  contains,  by  his  analysiSf 

Platinum,     89-366       100 
Oxygen,        10-634         H*^ 

100-000 


2.  The  peroxide  appears  i0  ^-r;;^  :*  bv 
prime  proportions.  Berzdius  ^^^,Z^ 
treating  the  muriate  of  platinum  **"*"^"^ 
add,  at  a  distilling  heat,  and  <^«»'°P!S2Led 
sulphate  by  aqueous  potash.  Thep<2^ 
oxide  is  a  yeUowiah-brown  powdia,  «*v 
ducible  by  a  red  heat  to  the  m«*»^jT^ 

According  to  Mr.  E.  Davy,  the  p«ww»^ 
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1U0  to  «oia«e  in  iroler;  whfltf  the  «d]ioiid« 
is  iimolaUe.  If  the  oonnnon  nitto-murittii: 
■olBtion  becMitioiialy  dried,  and  heated  to  dnll 
rtdamm,  washed  wHh  water,  iind  again  dried, 
we  obtaia  a  dikiride,  appanlidy  eonriating  of 

Platinum,    100,  or  1  prime  11.86 
Chlbrine,  37.93       1  4.5? 

It  has  a  doU  oltve-lmMm  or  green  ooloor; 
m  kaiah  feel;  and  ia  deatifnte  of  taate  and 
ameU.  It  is  not  fiiaihle  by  heat;  nor  is  it 
ahctted  by  exposoie  to  the  atmo«^ere.  At 
a  fiiU  led  heat  the  ddodne  flies  off,  and  pla- 
tiBiim  Tenaains. 

The  oxide  precipitated  from  a  solotion  of 
this  dilofide  by  soda  contams  15  or  16  of 
ootygen  par  eeni,  aooording  to  Vauqnelin. 

Acooirding  to  Mr.  £.  Davy,  thoe  are  two 
phoaphmels  and  three  aulphvrets  of  pbiinum. 
See  bis  exeellent  memoir  hi  die  Phil  Mag. 
voLisJL 

The  salts  of  phrtinnm  have  the  ftUowhig 
genoral  charactera: — 

1.  Thenr  sohition  in  water  is  ydlowish- 
lnuwn> 

2.  Potash  and  ammonia  determine  the  ftnn- 
atfton  of  small  oranfle-coloured  crystals. 

3.  Sulphvxetted  hydrogen  throws  down  the 
metal  in  a  bUck  powder. 

Fern^nrussiate  of  potash,  and  infusioii  of 
galls,  ooossion  no  precipitate. 

1.  The  sulphate  of  platinum  may  be  ob- 
tained by  passing  a  cunent  of  sulphuretted 
bydvogen  gas  throng  die  nitnvmuriatic  solu.. 
tioD.  It  ahonld  be  washed  and  boiled  once  or 
twice  Willi  nitric  add,  to  ensure  its  entire  con- 
vsrsaoB  into  sulphate.  .  It  liaa  a  brownish- 
Uack  colour^  and  resembles  ^e  carbonaceous 
crust  leh  when  sugar  is  decomposed  by  heat. 
It  is  brittle,  easily  pulverised,  and  has  the 
huiie  nearly  of  crystallized  blende.  Its  taste 
ia  add,  metallic,  and  somewhat  csastic.  It 
rsddens  litmus  paper  slightly.  It  is  deH- 
qecseent,  snd  solttble  in  water,  alcohol,  and 
etiier,  as  well  as  in  muriatic,  nitric,  and  phos- 
phoric adds.  At  ared  heat  ii  is  rMolyea  into 
It  appeam  finm  Mr.  I>avy*8  analysis 


Theory. 

Sniphiirieaeid,  26-3      27-68 

Ptotosideofplatinnm,  73-7      72-42. 

This  near  coincidence  is  a  verificatioQ  of  tlie 

analyais.    A  sulphate  of  potash  and  platinum 

is  formed  by  neutralizing  the  sulphate  with  a 

solution  of  potash,  and  exposing  the  mixture 

for  a  little  to  a  boiling  heat.    Agranular  sub- 

ataoce  resemhUog  gunpowder  is  obtained.    It 

is  tasteless,  insoluble  u  water,  and  possesses 

thelnstieofUende.    A  soda-suli^ate  maybe 

Conned  by  a  similar  process ;  as  also  an  am. 


FMhanaHng  plaHnum  was  discovered  by 
M&  Edmund  Davy.  Into  a  solution  of  the 
*ti¥hate  in  water,  aqueous  ammonia  is  poured, 
and  the  piedpitate  which  fallsi  being  washed. 


is  pnt  hito  a  mates  with  potash-lrtr,  mid 
boned  for  some  timew  It  is  then  filtered, 
washed,  and  dried.  A  bsown  powder  is  ob- 
tained, lifter  than  fulminating  gold,  which 
ia  tile  Eliminating  platinum.  It  explodes 
violently  when  heated  to4000;  but  d6to  not 
detonate  by  finction  or  percussion.  It  is  a 
nonliCondoctor  of  dectridty.  With  sulphuric 
acid  it  forms  a  deep-coloured  solution.  Chlo- 
rine and  muriatic  gas  decompose  it.  Accord- 
ingto  Mr.  £.  Davy,  it  consists  of 

Peroxide  of  platinum,  82*5  neaily  2  primes 

Ammonia,  9-0  1 

Water,  8-5  2 

—See  SALts. 

PLATINUM  OR£.  See  Oass  ot 
Platinum. 

PLEONASTB.    Ceylanite. 

PLOMBGOMME^  of  the  Fiench,  U  the 
liydious  ainminate  of  lead. 

PLUMBAGO.    See  Grapbitb. 

POISONS.  Substances  which,  when  ap- 
plied to  living  bodies,  derange  the  vital 
Amcdona,  and  produce  death,  by  an  action 
not  mechanicaL  The  study  of  their  nature^ 
mode  of  operation,  and  antidotes,  has  been 
called  toxicology.  Poisons  have  been  arranged 
in  nxdasses: ' 

l.'^Corrotime  ot  etcharotic  pouotu. 

They  are  so  named  because  they  usually 
irritate,  inflame,  and  corrode  the  animal 
texture  with  which  they  come  into  contact. 
Their  action  is  in  general  more  violent  and 
formidable  than  tliat  of  the  other  poisons.  The 
foUowins  list  fiom  Oiffla  contains  the  prin- 
dpal  bodies  of  this  dass:— 

1.  Mercurial  preparaHont ;  coRodve  sub- 
limate, red  oxide  of  mercury ;  turbeth  minerd, 
or  ydlow  subsulphate  of  mercury ;  pemitrate 
of  mercury ;  mercurial  vapouia. 

2.  ArMtical  preparation* ;  sudi  as  white 
oxide  of  arsenic,  and  its  combinations  with  the 
bases,  caUed  arsenites ;  arsenic  add,  and  the 
arseniates ;  yellow  and  red  sulphuret  of  arsenic; 
Uack  oxide  of  arsenic,  or  fly-powder. 

3.  Antimonial  preparatUmt }  sudi  as  tartar 
emetic*  or  cream  tartrate  of  aniimooy ;  oxide 
of  antimony;  kermea  minend;  muriate  of 
antimony;  and antimooid wine. 

4.  Cupreous  preparatUmt ;  such  as  verdi- 
gris ;  acetate  of  copper ;  the  cupreous  sulphate^ 
nitrate,  and  munate;  ammoniacal  copper; 
oxide  of  copper;  cupreoua  soaps,  or  grease 
tainted  with  oxide  of  copper;  and  cupreous 
wines  or  vinegars. 

5.  Muriate  of  Hn. 

6.  Oxide  and  sulphate  of  sine. 

7.  NUraU  of  silver. 
a  MuriaUqfgold. 

9.  Pearl-white^  or  the  oxide  ofUtmuihy  and 
the  subnilrate  of  this  metal. 

10.  Concentrated  acids ;  sulphuric,  nitric, 
phosjdioric,  muriatic,  hydriodic^  acetic,  &c. 

1 1.  Corrosive  alkalis^  pure  or  subcarbonated 
potash,  soda,  and  ammonia. 


POI 


POL 


IS.  Th*OHUfltMr«l«,lliM«iAlM07tM. 
la  MiwriaUtmicarbimaUofiofyUi. 
14.  GloMtmimurndpomdir, 
1&  CmOuifidm. 

1.  Pri;p>r«<sMf  qfkady  wchM  dieactlitte, 
cnboDMle,  viBei  svectned  with  lead,  vitsr 
impRgiiated  vitli  its  oodde,  food  cooked  ia 
fcndb  eoDtuiing  lead,  "jmipa  dariiied  with 
fubaeelate  of  knl,  pliunbean  vaponn. 

III.-^crUjNiiMiit. 

1.  Hie  gaaui  chlorine,  mniiatie  add, 
an^phowwa  «CTl,n4tioqa  gaa,  and  nititMnnriaric 
vapoun. 

2.  Jatropha  manibot,  the  fioh  not,  and 
its  jnioe,  ftom  which  caMava  is  mad& 

a  The  Indian  rickmSyOiMQkaoa^wtiioA. 

4.  Scammmy.  6.  Oambqge.  6.  Seedaof 
fohna  ChriitL  7- Ehttodnm.  8.CoIocyiith. 
9.Whitehd]eboteioot.  10.  Blad^hdklMK 
loot.  11.  Seedaofttavaaen.  12.Thewood 
Mid  ftuit  of  the  oAoooi  of  Biaafl.  13.  Rho- 
dodendran  cfaryHnthnm.  14.  BoUm  of  eo2cfti. 
€MN,  gadiered  in  laimiMr  and  aatanm.  lA. 
The  milky  juioe  of  the  oanvolfnlua  arvanaia. 
16b  Aadmias.  17*  CEoanthe  fiatuloia  and 
crocata.  1&  Some  qiedes  uidematU,  19. 
Anemone  pnlaatOla.  20.  Boot  of  wolTi-bane. 
21.  Ficah  looti  of  Aram  maaUatnm.  22. 
Beniea  and  baik  of  Daphne  Menrenm.  23. 
The  plant  and  onanaftiooa  of  ^ifaua  tosioo- 
daodnn.  24.  EophoAiaoffidnalia.  25.  Se- 
▼end  apeciea  of  lanunculm,  pardoilaiiy  the 
aquatiha.  26.  NUxe,  hi  a  huge  doae.  27* 
Some  nmadea  and  odiet  ihell-fieh. 

IV.  Narcoiie  4md  tinprfpkig  poUoni. 

1.  Hie  gofe*  ;  hydiqgen,  aiote,  and  oxide 
of  axote. 

2.  Poppy  andopinm. 

3.  ThenxMs  of  the  aolanwm  tomrnfiBnmi; 
beonriea  and  lea.Tea  of  the  idbuimn  nigram ; 
those  of  the  morel  with  yellow  fruit.  4.  The 
roots  and  leaves  of  the  ittiopa  mandngon. 
ft.  Datum  stramonium.  &  Hyosdamns,  or 
henbane.  7*  Lacteca  TiiDsa.  8.  Paris  qua- 
drifoUa,  Of  hcd>  Paris.  0.  Lauiocoasus,  or 
bay  huud  and  pnissie  acid.  10.  Benries  of 
iStus  jtsv  tna.  11.  Ervnm  erriHa  «  the  seeds. 
12.  The  seeds  of  kthyiusdoera.  13.DistO]ed 
water  of  bitter  ahnonds.    14.  The  cffluriaof 

r  of  the  above  phmts. 

.— JVorcoNcoLoerld  foiMNw. 
1.  Carbottic  add;  the  gas  of  chnooal  stoves 
and  fermentiDg  liquors.  2.  The  manchineftl. 
3.  Faba  Sancti  Ignatii.  4.  The  exhalations 
and  juice  c£  the  poison-tsee  of  Macassar,  or 
Upas-Antiar.  6.  The  ticunas.  6.  Certain 
spedea  of  strychnos.  ^.  The  whole  plant, 
Lauio^cerasus.  8.  Belladoona,  or  oeadly 
nightshade.  9.  Tobacco.  10.  Roots  of  white 
biyony.  11.  Roots  of  the  GhflBrophyllum 
sUfestie.  12.  Gonium  macolatnm,  oripotted 
hemlock.  13.  ^thusacynapium.  14.Ciettta 
virasa.  16.  Anagalis  arvensh.  16.Mercu- 
liidls  perennis.    17-  Digitalis  prnpuna.    18. 
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The  distiDsdwaKesssadoas  ornn0orthe 
above  plants.  19.  The  odonmt  principlr  of 
aomeofthem.  20.  Woorsaiof  OniMS  SI. 
Camphor.  22.  Coeenfais  Indiaia.  S3.  Sevsni 
mndnooms;  soeA&ABic9ibandBoi.XTi7au 
24.  Secale  oamutum.  25.  Ldliuin  tema- 
lentnm.  26.  Slum  klilbliain.  27*  Gonsoa 
rayrtifolhL 

VI. — SepHe or pmtruemi poitomt.^     ^  '^ 

1.  Sulphuretted  iiydragen.  2.  Pstrid  idOfaina 
of  aumai  bodies.  3.  Oonlamaa  eftavia,  er 
Ibmites  and  miasmata;  ase  JIxasmata.  4. 
Venomous  animab;  the  viper,  mttirsnikf, 
scorpion,  mad  dog,  Aci 

I  regret  that  ihe  Umils  of  this  wflsk  pcedade 
me  from  fatlmdndnga  syalemotie  view  of  die 
mode  of  action  of  the  principal  nhetaooes  ia 
te  above  catalogue.  Under  ^«liaMvy, 
Araeme^  Copper,  Lead^  Mercury,  ^bter^ 
pretty  copious  detaiUare  givn of  thepoasoDOM 
effects  of  thci^  pxepanUions,  and  of  the  best 
methods  of  counteractiBg  them. 

Antidote  fbrvegetMepeUone,  M.  Dnpiei 
has*aaeertaitted,  by  nnmerooa  fsprriineau, 
that  the  fruit  of  the/faiflf  cordifiUa  Is  a  pow. 
erfkd  antidote  against  vegetable  poSaona.  He 
with  the  rfw  *     '     ' 


were  left  to  the  effects  of  the  poiooD  ^sd,  bat 
dioae  to  which  the  above  fruit  was  admiaiatcnd 
recovered  oompletdy,  afta  a  ahoat  illiwas  Ts 
see  whedicf  the  antidote  would  act  in  theaarae 
way,  appUed  externally  to  wounds  into  which 
vegetable  poisons  had  besn  inCiodneed,  he«osk 
two  anows,  whidi  had  been  dipped  imo  the 
juice  of  the  fiMiMftMllfe,  and  ditfSt^  wvundcd 
with  them  tww  cats  i  to  one  of  these  wonwis 
he  applied  a  poultice,  oompoaed  of  thefruitof 
die,/h(i&a  c9rdifoUa,  while  the  otlMr  was  left 
without  any  appUcation.  Tlie  farmer  suffbed 
no  inoonvenienoe,  except  from  die  pain  of  the 
wound,  which  speedily  healed;  while  the 
other,  in  a  short  time,  fdl  into  oonv 
and  died.  This  fruit  hises  f 
virtues,  if  kept  two  yesrs  after  it  is  gathered. 

Dr.  Chisholm  states,  diat  the  juioe  of  the 
su«r.4an9  is  the  best  antidale  for  arseniGu 

Dr.  Lyman  Spalding  of  New-T«rit  an- 
noonoes  in  a  smajl  pan^hlet,  that  Ibr  above 
theae  fifty  years,  the  fibaleasHa  Laieryhrv 
has  pioved  to  be  an  infallible  means  for  the 
prevCTition  and  cure  of  uie  hydropliohia,  after 
the  bite  of  rabid  anhnab.  It  is  belter  applied 
as  a  drv  powder  than  fresh.  According  to 
the  testimonies  of  several  American  phyndaoa, 
this  plant,  not  yet  reodved  as  a 
any  European  Materia  Medtea^ 
perfect  rdief  in  above  a  thousand  * 
wen  in  the  human  spedcs  as  in  the  bme 
cnation,  (dogi»  sinne^  and  oxm).— PML  JUg- 
Ivi  p.  161. 

POLISHING-SLATB.    See  Gjlat. 

POLLEN.  The  powdery  matter  evdfed 
from  the  mtheree  of  flowers.  That  of  the  dale 
seems,  from  the  experioMBts  of  Fograoy  sad 
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Vftdqiuttif  to  appitMidi  id  Hi  oonstlliitloii  to 
animil  mlMtanees ;  that  of  Ibe  liazeUnnt  eon- 
tali»  taimin,  xmbi,  much  gluten,  and  a  little 
fibrin;  and  that  of  the  tnlip  yidded  to 
Gtovhxu  fhs  fidlowlnf  oonstitnentt  in  26 
parts: 
Veeetable  anramen,  20*85 

M  Mate  of  lime,  with  trace  of  malale  '^    q  .^ 


ofi 
MaUcadd, 
Malate  of  attunoniiy 
Colouring  matter, 
Saltpetre? 


/ 


] 


100 
1.26 


26.00 

Hie  principle  in  pdHen,  faitetmediate  be- 
tween glnten  and  albomen,  has  been  named  by 
Dr.  J(£n,  PoUenin. 

It  is  ydlow,  withoat  taste  and  smell ;  in» 
solnble  in  water,  alcohol,  ether,  fiit,  and 
?olat3e  oils,  and  petrolemn. 

It  bums  with  flame.  On  exposure  to  air, 
It  assumes  the  smell  and  taste  or  cheese,  and 
noon  becomes  putrid  with  discogagement  of 
ammonia. 

POiiYCHROITE.  The  oobuxing  matter 
of  safiVun. 

POLTMIONTTE.  A  new  mineral  found 
sometimes  in  the  sirconian  sienite  of  Fre- 
drickswiiTns.  It  is  black,  brilliant,  and  crys- 
taUized  in  small  prisms,  long,  thin,  with  a 
Tectaiigle^  the  edges  of  wliich  are  commonly 
replaced  by  one  or  sevend  planes.  Sp.  gr. 
4>806.  It  scratches  glass,  but  can^  be 
scratdiedbrsted.  Fn^tute  oonchoidal,  with, 
out  indications  of  deavage.  The  surface  of 
the  crystals  basyirid  lustre,  abnost  metaOie. 
The  fracture  also  resembles  the  sniftce,  pos- 
sessing a  brilHancy  far  beyond  what  is  common 
in  minerals.  At  the  blowpipe  it  sufihs  no 
change.  With  borax,  it  melts  easily,  and 
forms  a  glass  coloured  with  iron.  Wim  more 
borax,  it  becomes  opaque  and  of  an  orange 
coloar.    Its  composition  is  extraordinoiy : 


Titanic  acid, 

46.3 

Zirconia, 

14*4 

•Oxide  of  iron,     • 

122 

Lime,        .        . 

4.2 

Oxide  of  manganese,   • 

27 

Oxide  of  cerium, 

5*0 

Yttria, 

115 

TVsces  of  magnesia,  potash, 

silica,  oxide  of  tin. 

96-3. 
^Berz^us  ;  Amtakt  de  Chhiu  xxxi.  406. 

POIiYH  ALLITE.  A  mhieral  fa  masses 
of  a  fibrous  texture.  8p.  gr.  277-  Pearly 
lustre.  Its  constituents  are,  hydrous  sulphate 
of  lime  26*25;  anhydrous  sulphate  22-42; 
anhydrous  sulphate  of  magnesia  20-08 ;  sulph. 
of  potash  27-7 ;  muriate  of  soda  0-19 ;  red 
oxide  of  iron  0-34.  It  occurs  at  Ischd  fa 
Opper  Austria. 

POlfPHOLIX.    White  oxide  of  tfac 


POK1XBROU8  SPAR,  flee  Hxavt 
Btak, 

PORCELAIN  EARTH.    See  Glat. 

PORCELAIN  is  the  most  beautiful  and 
the  finest  of  all  earthen  wares. 

The  art  of  maUng  poreehdn  is  one  of  those 
fa  whidi  Europe  was  looff  exedled  by  oriental 
natkms.  The  first  poredafa  that  was  seen  in 
Europe  was  brought  from  Japan  and  China* 
The  whiteness,  transparency,  fineness,  neat- 
ness, el^ance,  and  even  the  magnificence  of 
this  pottery,  whidi  soon  became  Sit  ornament 
of  sumptuous  tables,  did  not  fail  to  cxdte  the 
admiraticm  and  fadustry  of  Europesns. 

Fatlier  EntrecoQes,  ntrissionsry  at  Chfaa, 
sent  home  a  summary  description  of  the 
process  by  whidi  the  inhabitants  of  that 
country  make  their  poroelafa,  and  dso  a  small 
quantity  of  the  materials  which  they  employ 
fa  its  composition.  He  said,  that  ^e  Chmese 
composed  their  poredafa  of  two  ingredienttL 
one  of  whidi  is  a  luurd  stone  or  rode,  called 
by  them  petuntse,  which  theyoareftdly  grind 
to  a  very  fine  powder ;  and  Uie  other,  called 
hj  them  kaolin,  is  a  white  earthy  substance, 
which  they  mix  intimatdy  with  tlie  ground 
petuntse. 

Reaumur  examfaed  both  these  matters ;  and 
having  exposed  them  separately  to  a  violent 
fire,  he  discovered  that  the  petuntse  had  fused 
without  addition,  and  that  the  kaolin  had 
given  no  sign  of  ftudblli^.  He  afterward 
mixed  these  matten,  and  formed  cakes  of 
them,  whidi,  by  bakfag,  were  converted  into 
porcc^  similar  to  that  of  China.  See 
JLaoLiK,  Pbtuktbe,  and  Pottery. 

PORCELAIN  OF  REAUMUR.  Rean- 
mur  gave  the  quality  of  poredafa  to  glass ; 
that  IS,  he  rendered  glass  of  a  milky  odour, 
semitnuwparent,  so  hard  as  to  strike  fire  widi 
steel,  infndbk,  and  of  a  fibrous  grain,  bv 
means  of  cementation.  The  process,  whicb 
he  published,  is  not  difficult  Common  glass, 
sudi  as  that  of  whidi  wine  bottles  are  made, 
succeeds  best  The  g^bMS  vessd  which  is  tobe 
converted  fato  poredafa  is  to  be  enclosed  fa  a 
baked  earthen  case  or  seggar.  The  vessd  and 
case  are  to  be  filled  with  aoement  composed  of 
equal  parts  of  sand  and  powdered  gypsum  or 
plsster ;  and  the  whole  is  to  be  put  fato  a 
potter's  kiln,  and  to  remafa  there  during  the 
bakfag  of  common  earthenware ;  after  imidi 
the  glass  vessd  will  be  found  transformed  fato 
such  a  matter  as  has  been  described. 

PORPHYRY  is  a  compound  rock,  havfag 
a  bads,  fa  whidi  the  other  contemporaneous 
constituent  parts  are  imbedded.  The  base  is 
sometimes  day-stone,  sometimes  homstone, 
sometimes  compact  fdspar;  or  pitdistone» 
pesrlstone,  and  obsidian.  The  imbedded 
parts  are  most  commonly  fdspar  and  quarts, 
whidi  are  usually  crystallised  mors  or  less 
perfectly,  sad  hme  they  appear  sometfanes 
granular.  According  to  Werner,  there  are  two 
distfaet  porphyry  fionnations ;  ^  oldest  ocenrs 
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b  SnelM,  in  beds  of  gK«t  m^iiltade;  wddM 
InmiaMlate  and  cky-clate.  Betveen  Blair 
in  Athbb  and  IHaoMudoch,  there  is  a  yerj 
fine  ejcample  of  a  bed  of  porphyry-^Iate  in 
mica.  The  aeeood  ponihyxy  formation  is  much 
aoie  widdy  eztenkd.  It  consists  prindpally 
of  daj  ponhyiy,  while  the  fynma  consists 
chis%  of  bonfftooe  porphyry  and  felspar 
poiphyry. 

It  sometimes  contains  oonsidezablB  xepo* 
sitories  of  ore,  inveins.  Oold,  silver,  laid, 
tin,  copper,  iron,  and  mangaiwiift  occur  in  it| 
bat  cUdiy  in  the  newer  pori^yry,  as  happens 
with  the  Hungarian  mines.  ItoccuitinArmn, 
and  in  PerthiSiiie  between  Dalnaoaidoch  and 
Tvmmel-bridge. 

PORTLAND  STONE.  Acompactsand. 
stone  from  the  Isle  of  Portland.  The  cement 
is  calcareous. 

POTASH,  commonly  called  theyeget^ds 
alkali,  because  it  is  obtained  in  an  impure 
atate  by  the  indnenUion  of  vegetables.  It  is 
the  hydrated  protoxide  of  potaaaium. 

Table  qf  the  aahne  product  of  oiu  thouetnd 

Off.  ofiukee  of  thefiUowing  vegetahkex^-' 

Saline  produete. 

»^f  Turkey?  198  Iba. 
wheat  or  maase,  S 

8t^    of  snn-t   349 

flower,  5 

Vinebranchet,  162*6 

Elm,  166 

Box,  78 

Sallow,  102 

Oak,  111 

Aspen,  61 

JBeech,  219 

Fir,  132 

Femcatin August,   ^^{^^''^^^ 

Wormwood,  748 

Fumitory,  360 

Heaih,  116  Wildenhehn. 

On  these  tables  Kirwan  makes  the  following 
scmarks:— - 

1.  That  in  general  weeds  yield  more  ashes, 
and  their  ashes  much  more  nit,  than  woods; 
and  that  oonsefpiently,  as  to  salts  of  the 
vegetable  alkali  Idnd,  as  potash,  pearl-ash, 
CBurap,  &c  neither  America,  lUeste,  nor  the 
northern  countries,  have  any  advantage  over 
Iidand. 

2.  That  of  aU  weeds  fumitory  ntoduoes  most 
salt,  and  next  to  it  wormwoioa.  But  if  we 
attend  only  tO  the  quantity  of  salt  in  a  given 
weight  of  ashes,  the  ashes  of  wormwood  con- 
tain most  Trifojlium  fibrinum  alu  produces 
more  ashes  and  salt  than  fern. 

The  process  for  obtaining  pot  and  pearl- 
ash  u^^cn  by  Kirwan,  as  follows :»- 

1.  The  we«is  should  be  cut  just  before  they 
seed,  then  spread,  well  dried,  and  gathered 


2.  They  should  be  burned  within  doors  on 


a  gnts,  and  die  asha  laid  In. »  dtesl«a  &at  as 
tlvey  are  produced.  IfanydiaKooalbeviBibie, 
it  should  be  picked  out,  and  thrown  back  inis 
the  fire.  It  the  weeds  be  moist,  much  coal 
will  be  found.  A  close  smocfaesed  fire,  vhich 
has  been  recommended  by  some,  is  voy 
prejikdicial* 

5.  They  should  be  lixiviated  with  tvdve 
times  their  wei^t  of  boiling  water.  A  «hrop 
of  the  solution  of  ooripsive  sublimate  wiH  ira- 
mediately  discover  when  the  water  eeaaes  to 
take  up  any  morp  alkali^  The  earthy  matter 
that  remains  is  said  to  be  a  good  maoiiEe  km 
dayey  soils. 

4.  The  ley  thus  formed  should  be  evape- 
ratc^  to  dryness  in  iron  psna.  Two  or  tlwee 
at  least  of  these  should  be  used,  and  the  1^, 
as  fiuit  as  it  is  oonaeted,  passed  from  the  one 
to  the  other.  Thus,  mudi  time  la  saved,  as 
weak  leys  evaporate  more  quickly  than  the 
stroDger.  The  sslt  thus  produced  ia  of  n  dark 
oolour,  and  contains  much  extractive  matter, 
andbdng  formed  in  iron  poto  ia  called  pou 
ash. 

6.  Thb  salt  should  then  be  canied  to  a  r^ 
vsrbecatory  fumace,  in  whicfa  the  cstncti«e 
matter  is  burnt  off,  and  much  of  the  vratcr 
dissipated :  hence  it  generally  loses  from  ta 
to  fiiieen  per  cent,  of  its  weight.  Particalar 
care  rfiould  betaken  to  prevent  its  melting,  as 
Aa  extractive  matter  would  not  then  be  per. 
fectly  oonsmned,  and  the  alkali  woul4  foxm 
such  a  union  with  the  earthy  parts  as  could 
not  easily  be  dissolved.  Slizwan  adds  this 
caution,  because  Dr.  Lewis  and  Mr.  Donsie 

•  have  inadvertently  directed  the  cootrsiy.  This 
salt  thus  refined  is  called  pearl-4tth,  end  must 
be  the  same  as  the  Dantzic  pear<-a«h. 

To  obtain  this  alkali  pure,  BerthoDet  re- 
commends,  to  evaporate  a  solution  of  potash, 
made  caustic  by  boiling  with  qnirklime,  tiU 
it  becomes  of  a  thickiah  consistence ;  to  add 
about  an  equal  weight  of  alcohol,  and  let  the 
mixture  stand  some  time  in  a  dose  vcsaeL 
Some  solid  matter,  partly  crystallised,  will 
collect  at  the  bottom;  above  this  will  be  a 
small  quantity  of  a  dauk-cokrand  fluid;  and 
on  the  top  another  lighter.  The  latter,  se- 
parated by.  decantation,  ia  to  be  evaporated 
quickly  in  a  silver  basia  in  a  sand-heat. 
Glass,  or  dmost  any  other. metal,  would  be 
corroded  by  the  potsah.  Before  the  evapoia. 
tion  has  been  carried  far,  the  solution  is  to  be 
removed  from  the  fire,  and  sufiered  to  stand 
at  rest;  when  it  will  again  separate  into  two 
fluids.  The  lighter,  b^  poured  off*  is  ^aiB 
to  be  evaporated  with  a  quick  heat;  and  en 
standing  a  day  or  two  in  a  dose  vessel,  it  wfll 
deposit  transparent  crystals  of  pure  potadk 
If  the  liquor  be  evaporated  to  a  pellicle,  the 
potash  will  concrete  without  regular  crystal- 
matlon.  In  both  cases  a  hi|^-oolourBd  Uqaor 
is  separated,  which  is  to  be  poured  off;  and 
the  potash  must  be  kept  casefuUy  seduded 
iram  air. 
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A  porfeetlf  paw  aoliitloo  of  poMih  w|tt 
Temain  trangpaieiit  on  the  addhioD  of  lime. 
water,  show  no  effinr?e8oenoe  with  dilate  soL 
phuric  acid,  and  not  give  any  precipitale  on 
blowing  air  iVom  the  lungs  throngh  it  l^ 
means  of  a  tube. 

Pure  potash  for  experimeDtal  purpoaes  may 

moat  easily  be  obfiuned  by  ignitmg  cream  of 

tartar  in  a  ctudble,  diasolTing  the  reiidne  in 

water»  filtering,  boiling  with  a  quantity  of 

quicklime,  and  after  subcidaioe,  decanting  the 

dear   liquid,  and  evaporadng  in  a  looaeW 

covered  silver  capsule,  till  it  flows  like  oii» 

and  then  pouring  it  out  on  a  dean  iron  plate. 

A  solid  white  cake  of  pure  hydrate  of  potash 

is  thus  obtained,  without  the  agency  d  alco- 

hoi.      It  must  be  immediately  broken  into 

ftagments,  and  kept  in  a  wellpstoppered  phiaL 

As  100  parts  of  subcarbonate  of  potash  are 

equivalent  to  about  70  of  pure  concentrated 

ou  of  vitriol,  if  into  a  measure  tube,  graduated 

into  100  equal  parts,  we  introduce  the  70 

grains  of  acid,  and  fiB  up  the  remaining  spaoe 

with  water,  then  we  have  an  aUcalimeter  for 

eatimating  the  value  of  commercial  pearl-ashes, 

« which,  if  pure,  wiH  require  for  lOO-gtains  one 

hundred  divudons  of  ttie  liquid  to  neutnlize 

them.     If  they  contain  only  00  per  cent,  of 

genuine  subcarbonate,  then  100  grains  wiH 

leqoire  only  00  divisions,  and  so  on.    When 

the  aUcalimeter  indications  are  required  in 

pure  or  absolute  potash,  such  as  constitutes 

the  basis  of  nitre,  men  we  must  use  102  grains 

of  pure  oil  of  vitriol,  along  with  the  requirite 

bulk  of  water  to  fill  up  the  volume  of  the 

graduated  tube. 

The  hydrate  of  potash,  as  obtained  by  the 
preceding  process,  is  scdid,  white,  and  ex- 
tremely  caustic ;  in  minute  quantities,  chang- 
ing the  purple  of  violets  and  cabbage  to  a 
green,  reddened  limius  to  purple,  and  vdbw 
turmeric  to  a  reddish-brown.    It  rapidly  at^ 
tracu  humidity  from  the  air,  passing  into  the 
oil  of  tartar  per  delifttium  of  we  chemists ;  a 
name,  however,  also  given  to  the  deUonesced 
subcarbonate.     Charcoal  applied  to  tne  hy- 
drate of  potash  at  a  cherry-red  heat  gives 
birth  tocarburetted  hydrogen,  and  an  alkaline 
subcarbonate;   but  at  a  heat  bordering  on 
whiteness,  carburetted  hydrogen,  carbonous 
oxide,  and  potassium,  are  formed*    Several 
metals  decompose  the  hydmte  of  potash,  by 
the  aid  eft  heat;  jMuticolarly  potassium,  so. 
dium,  and  iron.   The  fused  hydrate  of  potash 
consisu  of  6  protoxide  of  potassium  4-  1.125 
Water  =  7.126,  which  number  represents  tiie 
compound  prime  equivalent     It  is  used  hi 
surgery,  as  the  potential  cautery  for  forming 
eschan;    and  it  was  formerly  employed  in 
medidne  diluted  with  broths  as  a  lithontriptic. 
In  chemistry,  it  is  very  eztensivdy  employed, 
both  in  roanuffictures  and  as  a  reagent  in  ana- 
lyms.    It  is  the  basis  of  all  the  common  soft 
Mwpe.    The  oxides  of  the  Mlowing  metals 
an  soluble  in  aqueous  potaih: — ^Lead,  tin, 


idckel,  aneoitf,  eobalt,  muiganese,  ifaie,  an- 
timony,  teUurium,  tungsten,  molybdenum. 
Foe  the  sulpburet,  see  Sitlphub« 

POTASSIUM.  If  a  thhi  piece  of  solid 
hvdmte  of  potash  be  placed  between  two  discs 
or  pkitinum,  connected  with  the  extremities  of 
a  voltaic  apparatus  of  200  double  pktes,  four 
Inches  square,  it  wiH  soon  undergo  ftasion  ; 
oxygen  will  separate  at  the  positive  surface,  and 
suMJl  metallic  globules  will  appear  at  the  ne- 
gative surface.  These  form  me  marveHous 
substance  potassium,  firstexhibited  to  the  worid 
by  Sir  H.  Davy,  early  in  October  1807. 

If  iron  turnings  be  heated  to  whiteness  in  a 
curved  gun.barrel,  and  potash  be  melted  and 
made  slowly  to  come  in  contact  with  the  turn- 
ings, air  being  excluded,  potassium  will  be 
formed,  and  will  collect  hi  the  cod  part  of  Uie 
tube.  This  method  of  procuring  it  was  dis- 
covered by  MM.  Gay  Lussac  and  Thenard  in 
1808.  It  may  likewise  be  produced  by  ig- 
aiting  potash  witii  charcoal,  as  M.  Cuzaudan 
showed  tile  same  year. 

M.  Brunner,  by  acting  on  calcined  tartar 
in  a  bottle  of  wrought  iron,  has  succeeded  lb 
obtaining  potassium  at  a  comparatively  mo- 
derate heat  The  bottie  is  spheroidal,  about 
half  an  inch  in  thickness,  and  capable  of  hold- 
ing  about  a  pint  of  water;  a  bent  gun-banel 
of  10  or  12  indies  in  length  screws  into  the 
moath  of  tiie  bottle.  The  bottie  well  luted 
over  with  fire^day,  is  set  in  a  strong  air  fur-' 
naoe,  so  as  the  tube  may  dip  down  externally 
beneath  the  surface  of  naphtha  contained  in  a 
cylindric  copper  vessel,  standing  m  a  tub  con- 
taining ice  and  water.  The  top  of  the  naph- 
tha vessel  has  a  cover  fixed  on  fi,  pierced  whh 
a  hole  to  recdve  the  end  of  the  gun-barrd; 
and  f^tmi  the  side  of  the  upper  part  of  the 
vessel,  a  small  tube  goes  off  at  ri^t  angles  to 
let  the  air  and  vapours  escape.  It  is  advan- 
tageous to  mix  a  littie  ground  diarooal  with 
the  tartar  previously  caldned  in  a  covered 
vessd,  in  the  same  iron  bottie  for  example 
Nearly  300  oiains  of  potassium  tuve  been 
procured  by  wis  apparatus  firom  24  ounces  of 
crude  tartar. — BibHoth,  Universelle^  xxii.  SO. 

Potassium  is  possessed  of  very  extraordinaiy 
pnmeities.  It  is  lighter  dun  water;  its  sp. 
gr.  being  0.806  to  water  1.0.  Atcommon  tern- 
peraturee  it  is  solid,  soft,  and  easily  moulded 
by  the  fingers.  At  160«  F.  it  fuses,  and  m  a 
heat  a  little  below  redness  it  rises  in  vapour. 
It  is  perfbctiy  opaque.  When  newly  cut,  its 
colour  is  splendent  white,  like  that  of  silver, 
but  it  rapidly  tarnishes  in  the  air.  To  pre- 
serve  it  unchanged,  we  must  endose  it  in  a 
small  phial,  with  pure  naphtha.  It  conducti 
doctridty  like  the  common  metals.  When 
thrown  upon  water,  it  acts  with  great  violence, 
and  swims  upon  tiie  surfiu^  burning  with  a 
beauti^  light  of  a  red  colour,  mixed  with 
violet.  The  water  becomes  a  solution  of  pure 
potash.  \Vhen  moderatdy  heated  in  die  an>, 
it  inflames,  bums  widi  a  red  light,  sad  throws 
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ipoatMieoiuly  bunif  with  gieat  brUIiancf. 

On  all  fluid  bodies  wludi  oontain  witter,  or 
much  oxygen  or  cfaloriae,  it  readily  aots ;  and 
in  its  genoal  powen  of  rhmnical  combinatioiiy 
says  its  iUuatiious  discoverer,  potassium  may 
be  compazed  to  the  alkahest,  or  onivenal  s6l» 
Tent,  imagined  by  the  alchemists. 

Potassium  combines  with  oxygen  in  difo. 
ent  proportions.  When  potassimn  is  gently 
heated  in  common  air  or  in  oxygen,  the  result 
of  its  combustion  is  an  oraBge<«dloiued  ftisibie 
substance.  For  every  gnin  of  the  metal  oqi»- 
■nmed,  about  l^^  cubic  inches  of  oxygen  are 
condensed.  To  nudce  the  experiment  ae- 
enzatcly,  the  metal  should  be  bunied  in  a  tray 
of  pladna  oorered  with  a  coating  of  fused 
muriate  of  potash. 

The  substance  procured  by  the  combustion 
of  potasshim  at  a  low  temperature  was  int 
observed  in  October,  1807»  by  Sir  H.  Davy, 
who  supposed  it  to  be  the  protoxide ;  but  MM. 
Oay  Lussac  and  Thenard,  in  1810,  showed 
that  it  was  in  reality  the  deutoxideor  peroxide. 
When  it  is  thrown  into  water,  oxygen  is 
evolved,  and  a  solution  of  the  protoxide  re- 
sults, constimting  common  aqueous  potash. 
When  it  is  fused,  aoAd  brought  in  contact  with 
combustible  bodies,  thqr  bum  vividly,  by  the 
excess  of  its  oxygen.  If  it  be  heated  in  car. 
bonic  add,  oxygen  is  disensaged,  and  common 
subcarbonate  of  potash  is  formed. 

When  it  is  h«ued  very  strongly  upon  pla. 
tina,  oxygen  gas  is  expdied  horn  it,  and  there 
nmains  a  difiuultly  fusible  substance  of  a  gmy 
colour,  vitreous  fracture,  soluble  in  water  with* 
out  efevesoenoe,  but  with  much  heat  Aque* 
cms  potash  is  then  produced.  The  above  ignited 
solid  is  protoxide  of  potassium,  which  becomes 
pure  potash  by  combination  with  the  equi- 
valent quantity  of  water.  When  we  produce 
potassium  with  ignited  iron-turnings  and  pot- 
ash, much  hydrogen  is  disengaged  fi-om  the 
water  of  the  hydrate,  while  the  iron  becomes 
oxidised  from  the  residuary  oxygen.  By  hea^ 
ing  together  pure  hydrate  of  potash  and  bo- 
radc  acid.  Sir  H.  Davy  obtained  from  17  to 
18  of  water  firom  100  puts  of  the  solid  alkaU. 

By  acting  on  potassium  with  a  very  small 
quantity  of  water,  or  by  heatmg  potassium 
with  fused  potash,  the  protoxide  may  also  be 
obtained.  The  proportion  of  oxygen  in  the 
protoxide  b  determined  by  the  action  of  potas- 
sium upon  water.  8  grains  of  potassium  pro- 
duce from  water  about  0^  cubic  in<^  of  by. 
diogen;  and  for  these  the  metal  must  have 
fixed  4}  cubic  inches  of  oxygen.  But  as  100 
cubic  inches  of  oxygen  weigh  33.9  gr.  4)  will 
weigh  1.61.  Thus,  9.61  gr.  of  the  protoxide 
wiB  contain  8  of  metal ;  and  100  wiU  contain 
83.25  metal  +  1&75  oxygen.  From  these 
data,  the  prime  of  potassium  comes  out  4.909 ; 
and  that  of  the  protoxide  5.969.  Sir  H.  Davy 
adopts  the  number  75  fbr  potassium,  corre- 
sponding to  60  on  the  oxygen  scale. 


Wbsft  lotasshun  ti  heated  ocwn^  ti  s 
small  qnanticy  of  common  air,  the  oxygcB  tf 
which  is  not  mflkicnt  ibr  its  convcinoa  inss 
potash,  a  substance  is  formed  of  a  grayish  co- 
looz,  which,  when  thrown  into  water,  e&r- 
vesces  without  taking  fire.  It  is  donbdal 
whether  it  be  a  mixture  of  the  protaxide  Hd 
potassium,  or  a  combination  of  potaaaum  widi 
a  smaller  proportioa  of  oxygen  ifann  ezisis  ia 
the  protoxide.  In  thb  case  it  would  be  a  sab- 
oxide,  comistiiig  of  dprimenof  ] 
10-hlofoxygen  =  ll. 

When  thin  pieces  of  pofassimn  are  imio. 
duoed  into  dilorine,  the  inflammatiaa  is  veiv 
vivid;  and  when  potaaaum  is  mode  to  act  an 
chloride  of  sulphur,  thcM  ia  a 
The  attraction  of  diloiiao  for  _ 
mudb  ationger  than  the  atmetuNi  of  oxygen 
for  the  meul.  Both  of  the  oxidea  of  potta- 
sium  are  immediately  decomposed  by  chkirinf. 
with  the  formation  of  a  fixed  diloiide^  and  the 
extrication  Of  oxygeo. 

Tlie  combination  of  potaaaiam  sBod  cbloriae 
is  the  substance  wlmh  has  been  Inaptoperiy 
caUed  muriate  of  poiadi,  and  whidi,  ia  com. 
mon  cases,. is  ibimed,  by  causing  liquid  ran* 
riatic  acid  to  saturate  station  of  potadi,  sad 
then  evaporatiBg  the  liquid  to  diTneaa  aaid  ig- 
aiting  the  solid  residuusu  The  hydrogen  ef 
the  acid  here  unites  to  the  oxygen  of  £e  al- 
kali, forming  water,  which  is  ^aled;  while 
the  remaining  chbrine  and  potassium  coai- 
bine.  It  consists  of  5  potassium  +  4.5  cUo- 
cine. 

Potasnum  combines  with  hydrogen,  to  form 
potassuretted  hydrqgen,  a  spontaneously  in- 
flammable gas,  whidb  comes  over  occasionally 
in  the  production  of  potassium  by  the  gun- 
barrd  experiment.  MM.  Gay  Iiussac  and 
Thenard  describe  also  a  solid  comp^uid  of 
the  same  two  ingredients,  which  they  csU  a 
hydruiet  of  potassium.  It  is  formed  by  heat- 
ing the  metal  a  long  while  ia  the  gas,  at  a 
ture  just  under  ignitioo.     They  de- 


scribe it  as  a  grayish  soli^  giving  cmt  its  hy- 
drogen OB  contact  with  mercury. 

When  potassium  and  sulptiur  aro  heated 
together,  they  combine  wim  great  caeigy, 
with  diaencageroent  of  heat  and  li^t  even  m 
vacuo*  The  resulting  sulphunt  of  potaaniB 
is  of  a  dark  gray  oolour.  It  acts  with  grcat 
energy  on  water,  producing  sulphuretted  hy- 
drogen, and  bums  brilliantly  whoi  heated  in 
the  air,  bec(»ning  sulphate  of  potash.  It  con- 
sists of  2  sulphur  -f  6  potassium,  by  Sir  H. 
Davy*s  experiments.  Potasshim  has  so  stiOBg 
an  attraction  for  sulphur,  that  it  sapidly  sepa- 
rates it  firom  hydrogen.  If  tlie  potasainm  be 
heated  hi  the  Sulphuretted  gas,  it  takes  ire 
and  bums  with  g^nat  brilliancy ;  onlpbniet  ef 
potassium  is  formed,  and  pure  hydrogen  is  set 
free> 

Potassium  and  phosphorus  enter  into  union 
with  the  opshMion  of  light;  hut  die  nintaal 
action  is  ftdite  tium  in  the  pncedinf  con- 
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tlieptionawget  rf  pnnaiinnt  to  if 
common  fiinn,  is  a  Bubttanoe  of  a  dark  cho- 
colate ooloiir,  bat  when  heated  with  potaaium 
in  great  exceu,  it  becomes  of  a  deep  gray  co« 
lour,  with  considerable  lustre.  Menee  it  is 
probable,  that  phosphonis  and  potassium  an 
ca|>ablc  of  combining  in  two  proportions^  The 
phoaphuzvt  of  potaasium  buins  with  great  baU 
lian^,  when  exposed  to  aiK»  and  when  thrown 
into  water  produces  an  explosion,  in  oDnsfr* 
qaenee  of  the  immediate  disengagement  of 
phoaphuretted  hydrogen* 

Chazooal  whidi  has  been  strongly  heated  in 
ooDtact  with  potassium  eflEervesces  to  water, 
rendetinff  it  alkaUne,  though  the  charcoal  may 
be  previously  CKposed  to  a  temperature  at 
which  potassium  is  yolatilized.  Hence,  there 
la  probably  a  compound  of  the  two  fismcd  by 
a  feeble  attraction. 

Of  a&  known  substancee^  potassium  is  that 
which  baa  the  strangest  attiaetioa  for  oxjfgen ; 
and  it  produces  sudi  a  condensation  of  it,  that 
the  ozidea  of  potassium  are  denser  than  the 
metal  itself.  Potaesium  has  been  skilfully 
used  bv  Sir  H.  Dsvy  and  MM.  Gay  Lussac 
and  Thenard,  for  detecting  the  presence  of 
oxygen  in  bodies.  A  number  of  substanees, 
undeoomposable  by  other  chemical  sgsnts,  are 
readily  decomposed  by  this  substance; — EUm 
menu  of  Chemical  PhlL  by  Sir  H*  Demy, 

POTASSIUM  (Iodide  op).  See  Acid 
(Htdriodic). 

POTTERY.  The  art  of  making  pottery 
is  intimately  connected  with  chemistry*  not 
only  from  the  great  use  made  of  earthen  ▼es* 
sels  by  chemist^  but  also  because  all  the  pro- 
cesses  of  this  srt,  and  the  inesns  of  perfecdqg 
it,  are  dependent  on  chemistry. 

The  procees  of  manufacturing  stoneware, 
acoording  to  Dr.  Watson,  is  as  foUows : 

Tobacco-pipe   day   from    Dorsetshire    is 

beaten  much  to  water.    By  this  process,  the 

finer  parts  of  the  day  remato  suspended  to 

the  water,  while  the  coarser  sand  and  other 

impurities  fall  to  the  bottom.     The  thick 

liquid,  consisting  of  water  and  the  finer  parts 

or  the  day,  is  ftrther  purified  by  passmg  it 

through  Inir  and  lawn  sieves,  of  difibent 

dqgpraes  of  finencH.    Afker  this,  the  liquid  is 

muced   (in  ^raiious  proportiooB  for  varioas 

wares),  with  another  liquor,  of  as  nearly  as 

may  be  the  same  density,  and  consistug  of 

flints  calrined,  ground,  and  suspended  in  water. 

The  mixture  is  then  dded  to  a  kito ;  and 

being  sfterwaid  beaten  to  a  proper  temper,  it 

becomes  fit  Ibr  bdng  formed  at  the  whed  toto 

dishes,  phues,bowl^&c    When  this  ware  is 

to  be  put  toto  the  furnace  to  be  baked,  the 

•svend  pieces  of  it  are  placed  to  the  oases 

ttade  of  day,  called  segg»rs,  which  are  piled 

one  upon  another,  to  the  dome  of  the  furnace. 

A  fire  is  then  lighted ;  and  when  the  wars  is 

^Kooght  to  a  proper  temper,  which  happens  to 

sbotttfoity-eight  hours,  it  b^oid  by  eom- 

■MOialt.  TkeaidtiatfarswnMotheJiunaoe, 


through  hfllei  to  the  appei  part  of  it,  by  the 

heat  of  which  it  is  instantly  converted  toto  a 
thick  vapour;  whicht  circuJating  thiougli,the 
&roace»  enters  the  s^||ar  through  holes  made 
to  Us  side,  (the  top  bemg  covered  to  prevent 
the  salt  from  fallmg  on  the  ware);  and  aU 
taching  itself  to  the  surfsce  of  die  ware^  it 
forms  that  vitreous  coat  upon  the  surfiMe 
Whidi  is  celled  its  glaxe. 

The  yellow  or  queenVware  ii  made  of  the 
aame  materials  as  the  fltot-ware;  but  the  pro- 
portion in  which  the  materials  are  mixed  i^ 
not  the  same,  nor  is  the  ware  glazed  to  the 
same  way.  The  fltot-ware  is  generslly  made 
of  four  measures  of  liquid  fltot»  and  of  eighteen 
of  liquid  day.  The  yellow  wsre  has  a  greater 
proportion  of  day  to  it.  In  some  manufac* 
tories  they  mix  20,  and  to  others  24  measures 
of  day,  with  4  of  fltot  These  proportions,  if 
estimated  by  the  weight  of  me  materisls, 
would  probably  give  fbr  the  fltotiWars  about 
3  cwt.  of  clay  to  i  cwt.  of  fltot,  and  for  the 
yellow  ware  somewhat  mofe  day.  The  pro, 
portaon,  however,  fbr  both  sorts  of  ware  dfr* 
pends  very  much  upon  the  nature  of  the  day« 
which  is  very  vsriable  even  to  the  same  pit. 
Hence  a  nievioos  trial  must  be  msde  of  the 
quality  of  the  day,  by  burning  a  Idto  of  the 
ware.  If  there  be  too  much  mnt  mixed  with 
the  day,  the  ware,  when  exposed  to  the  air 
af)er  bumtog,  is  apt  to  crack ;  and  if  there  be 
too  little,  the  ware  will  not  receive  the  proper 
glase  from  the  drculation  of  the  salt  vapour. 

This  glase,  even  when  it  is  most  perfect^  is 
to  appearance  less  beantxful  than  the  glase  o^ 
the  yellow  ware. 

The  yellow  glaze  is  msjde  by  mixing  toge* 
ther  to  water,  tiH  it  becomes  as  thick  as  cream, 
112  lb.  of  white  lead,  24  lb.  of  ground  fltot, 
and  6  lb.  of  ground  ffint-glass.  Some  menu* 
fiictories  leave  out  the  glass,  and  mix  only 
aoib.  of  white  lead  with  201b.  of  ground  flmt  | 
and  others  doubdess  observe  different  rule^ 
of  which  it  is  very  difficult  to  obtato  an  ac- 
count. 

The  ware  before  it  is  glazed  is  baked  to  the 
fire.  By  this  mesns  it  acquires  the  property 
of  strongly  imbibtog  moisture.  It  is  therefore 
dipped  to  the  liquid  glaze,  and  suddenly  taken 
out :  the  glsae  Is  imbibed  toto  its  pores,  and 
the  ware  presently  becomes  dry.  It  is  then 
exposed  a  second  time  to  the  fire^  by  which 
means  the  ^aze  it  has  imbibed  is  mdled,  and 
a  thto  ghMy  coot  is  fbrmcd  upon  its  surfisee. 
The  colour  of  this  coat  is  more  or  less  ydlow, 
according  as  a  greater  or  less  poportion  of 
lead  has  been  used.  The  lead  is  prindpally 
instrumental  to  producing  the  glaze,  as  well  as 
to  givtog  it  the  ydlow  odour;  fbr  lead,  of  all 
the  substances  hitherto  known,  has  the  great- 
est power  of  promottog  the  vitnflcation  of  the 
substances  with  which  it  is  mixed.  The  fltot 
serves  to  give  a  consistence  to  the  lead  during 
the  time  £i  its  vitrification,  and  to  hinder  it 
trooi  becoming  too  fluid,  sad  nmning  down 
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Qoglixed* 

Thejdbwish  ooloar  which  leftd  giTes  when 
vitrified  with  flints,  may  be  wholly  chanfled  by 
Tcry  small  additkms  of  other  mineru  sab* 
■tsnees.  Thus,  to  give  one  instanoe,  the 
beautiful  Uack  glaae,  which  is  fixed  on  one 
sort  of  the  ware  made  at  Nottingham,  is  com- 
posed of  21  parts  by  weuht  of  white  lead,  of 
A  of  powdereid  flinta,  and  of  9  of  manganese. 
The  aueen*s-ware  at  present  is  mueh  whiter 
than  formerly. 

The  eoarse  stoneware  made  at  Bristol  oon- 
risCs  of  tobaooo-pipe  day  and  sand,  and  is 
glased  by  the  Tapour  of  salt,  like  Stafibrd- 
ahire  flint-waie ;  but  it  is  fsr  infiarior  to  it  in 
beauty. 

POTENTIAL  CAUTERY.  Caustic  pot- 
ash. 

POTSTONE,  or  LAPIS  OLLARIS. 
Colour  greenish.gmy.  Massive,  and  in  gra- 
nular concretions.  Glistening.  Fracture 
curved,  foliated.  Translucent  on  the  edges. 
Streak  white.  Soft.  Sectile.  Feels  greasy. 
Somewhat  tough.  Sp.  gr.  2-8.  Its  constitu- 
enia  are,  mlica  39,  magnesia  16»  oxide  of  iron 
10,  carbonic  add  20,  water  10.  It  occurs  in 
thick  beds  in  primitive  slate.  It  is  found 
abundantly  on  me  shores  of  the  lake  Como  in 
Lombardy.  It  is  fashioned  into  culinary 
vessels  in  Greenland.  It  is  a  subspecies  of  the 
xfaomlNndal  mica  of  Professor  Jameson. 

POWDER  otALOOROTH.  The  white 
oxide  of  antimony,  thrown  down  tram  the  mu- 
riate, by  water. 

PRASE.  Colour  leek-sieen.  Massive, 
sddom  crystsllized.  Its  forms  are,  the  six- 
'  sided  prism,  and  the  slxaided  pyramid.  Lus- 
tre shuing.  FVacture  oonchoidal.  Tnmslu- 
cent.  Hard.  Tough.  Sp.  gr.  2.6?.  Its 
constituents  are,  silica  98.5,  alumina,  with 
magnesia,  0-6,  and  oxide  of  iron  1. — Buchobt. 
It  occurs  in  mineral  beds  composed  of  magne- 
tic ironstone,  galena,  &c  It  is  found  in  the 
island  of  Bute,  and  in  Borrodale. 

FRECIPITANTS.    See  Metals,  and 

MiKERAL  Wat  EBB. 

PRECIPITATE,  Axn  PRECIPITA- 
TION. When  a  b6dy  dissolved  in  a  fluid  it 
dther  in  whole  or  in  part  made  to  separate  and 
fall  down  in  the  concrete  state,  this  falling 
down  is  called  precipitation,  and  the  matter 
thus  separated  is  called  a  predpitate.  See 
Waters  (Muter al),  and  Metals. 

PRECIPITATE,  pit  te.  Red  oride  of 
mercury,  by  heat. 

PREHNITE.  Prismatic  prehnite  ;  of 
which  there  are  two  sub-spedes,  the  foliated 
and  the  fibrous. 

1.  FQliaUd.  Colour  apple-green.  Massive 
in  distinct  concretions,  and  sometimes  crystal- 
lised. The  primitive  form  is  an  oblique  four- 
sided  prism  of  103^  and  770.  The  secondary 
forms  are,  an  oblique  four-sided  table,  an  irre- 
gular eight-sided  table,  an  irregular  six-flded 


Shinhig.  Fracture  fiae-ji^DBinedun 
lucent.  HardneM  ftom  felspar  to  qoeiti. 
Easily  firangiUe.  Sp.  gr.  2.8  to  3.0l  It  mela 
with  inUimesccnce  into  a  pale-greai  or  ydlev 
g^ass.  It  does  not  gdatiniae  with  addb  Us 
oonstitnents  are,  silica  43-83,  alumiDaSO^ 
lime  18-33,  oxide  of  iron  6-4i6,  water  l-aS.-- 
Klaprotk.  It  occurs  in  Fxaace,  in  the  Alps  s£ 
Savoy,  and  in  the  TyvoL  It  ia  said  to  beasK 
dectric  by  heating.  Beautiful  varieties  wt 
found  in  the  interior  of  Southern  Afiica. 

2.  Fibrout  Prehnite.  Colour  sukia-gias. 
Massive,  in  distinct  oonaetion%  and  c^mL 
liaed  in  adoolar  four^ided  prisma.  Glntea- 
iog,  pearly.  Tnmsluoent.  Easily  fismcpbb. 
Sp.  gr.  2-^.  It  mdto  into  a  vesicular  ensaeL 
It  becomes  electric  by  heating.  Ita  coastim- 
ents  are,  silica  42.5,  alumina  28*5,  liiae  2044, 
natron  and  potash  0-769  oxide  of  iron  3k  waia 
2. — Laugier.  It  occurs  in  veins  and  cavities 
in  tn^rocks  near  Beith  in  Ayrshire,  Kahop- 
town  in  Renfirewshiie,  at  Hartiidd  near 
Paidey,  and  near  Frisky-hall,  Old  Ki^ 
trick :   in  the  trap-rocks  round  £dxnbu^gfa» 

&C. 

PI(INCE*S  METAL.  A  species  of  cop- 
per alloy,  in  which  the  propoxtkui  of  aiac  is 
more  considerable  than  in  brass. 

PROSTATE  CONCRETIONS  Sec 
Calculi. 

PRUSSIAN  ALKALL  See Acu>  (Fer- 

ROPRUSSIC). 

PRUSSIAN  BLUE.  See  Irov  and  the 
above  Acib. 

PRUSSIC  ACID.  See  Acid  <Pnua. 
aic\ 

PSEUDOLITE.  A  miooral  having  a 
dose  affinity  to  the  paeudomorpliotts  crystals 
of  steatite.    Annals  of  PhiL  x.  314. 

PULMONARY  CONCRETIONS,  con- 
sist of  cartx>nate  of  lime,  united  to  a  mem- 
branous or  animal  matter.  By  Mr.  Comp- 
ton^s  analysis,  Phii.  Mag*  vdL  xiiL  lOD  parts 
contain, 

Ctfbonate  of  lime,  82 

Animal  matter  and  water,  18 

Disease  proceeding  from  this  cause,  (and  I 
believe  it  to  be  a  frequent  prelude  and  oonoo* 
mitant  of  ulcerated  lungs),  might  be  probably 
benefited  by  the  regular  inhalation  of  aqoe^ 
Otts  vapour  mixed  with  that  of  acetic  add  or 
vinegar. 

PUMICE.  A  mineral  of  whidi  there  aie 
three  kinds, — the  glassy,  conunon,  and  por- 
phyritic 

1.  Glassy  pumioe.  Colour  smoke-gny. 
Vesicular.  Glistening,  pearly.  Fractme  pro. 
misouous  ^rous.  Translucent.  Between 
hard  and  semi.hard.  Very  brittle.  Feds 
rough,  sharp,  and  meagre.  Sp.  gr.  0-378  to 
1-44.  It  occurs  in  beds  In  the  Lipari 
Isbmds. 

2.  Commmjpumice*  Colour  nearly  whit& 
Vesicular.     CJImmering,  pearly.^ .  Fnicniie 
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llbitni£  Tifanklucent'  on  the  edges.'  Semi- 
liaid.  Very  britde.  Meagre  and  rough.  Sp. 
gT«  0-7^2  to  0-914.  -  It  melts  into  a  gray. 
coloured  slag.  Its  constituents  are,  silica  77*^ 
alumina  17*%  natron  and  potash  3,  iron  mixed 
with  manganese  1-7&* — Klaprcth,  It  occurs 
with  the  preceding. 

3.  PorphyHHc  pumice.  Colour  grayish- 
white.  Massive.  Minutely  porous.  Glim- 
mering  and  pearly.  Sp.  gr.  1.661.  It  con. 
tains  erjrstals  of  fdspar,  quartz,  and  mica.  It 
ia  associated  with  daystone,  obsidian,  pearl, 
stone,  and  pitdistone-porphyiy.  It  occurs  in 
Hungaiy,  at  Tokay,  &c 

PUS.  The  ihiid  of  ulcers  or  abscesses. 
PUTREFACTION.  The  spontaneous 
decomposition  of  such  animal  or  vegetable 
matters  as  exhale  a  fetid  smell  is  called  putre. 
fikction.  The  solid  and  fluid  matters  are  re- 
solved hito  gaseous  compoimds  and  vapours 
which  escape,  and  into  an  earthy  residuum. 
See  Abipocere  and  Fermextatiok,  of 
which  gentu  putrefaction  is  merely  a  species. 
As  the  grand  resolvent  of  organic  matter  is 
water,  its  abstraction  by  drying,  or  fixation 
by  cold,  by  salt,  sugar,  spices,  &c  will  coun. 
teract  the  process  ofpntiefaction.  The  atmo- 
spheric air  is  also  active  in  putrefaction ;  hence, 
its  exclusion  favours  the  preservation  of  food  ; . 
on  which  principle,  some  patents  have  been 
obtained. 

PUZZOLANA.  A  kind  of  volcanic  ashes 
found  at  Vesuvius,  Pompeii,  &c.  used  in 
watcr-mortar,  or  in  hydraulic  Ume.  The  red 
or  white  ashes  are  reckoned  the  best.  These 
asheft  need  to  be  mixed  with  lime.  See  Ce- 
MEXTs.  M.  Brayere  finds  that  an  excellent 
artificial  puzzolana  may  be  obtained  by  heat, 
ing  a  mixtare  of  three  parts  clay,  and  one 
part  slacked  lime,  by  measure,  for  some  hours 
to  redness.     Annates  de  Mines^  ix.  650. 

PYRALLOLIT.  A  new  mineral  belong, 
ing  to  the  tdc  fiunily,  found  in  the  lime 
Quarry  of  Stoigard,  at  the  point  of  Pargas  in 
Finland.  It  has  the  singular  property  of 
blackening  before  the  blowpipe  at  a  low  red 
heat;  and  of  afterwards  becoming  white  at  a 
higher  temperature.  It  occurs  crystallized  in 
quadrangujkr  prisms  of  which  the  angles  are 
940  36^  and  85»  24'.  Surface  dulL  liustre 
greasy.  Fracture  dull.eaithy.  Sp.gr.  2-67. 
In  powder  phosphorescent  with  heat,  emitting 
a  bright  bluish  light.  Its  oonstituenu  are, 
nliea  56-62,  magnesia  23-38,  alumhia  13-38, 
lime  3<38,  protox.  manganese  0.99,  peroxide 
of  iron  0-09,  water  3*58,  bituminous  matter 
and  loss  6-38  iH  100.  M.  Julin^  AnnaU  cf 
Phii.  I  236. 

PYRENEITE.  Colour  grayish  -  black. 
Massive,  and  crystallized  in  rhuonboidal  dode- 
CBhedioos.  Glistening,  and  metalJike.  Frac 
tare  uneven.  Opaque.  Hard.  Sp.gr.  2-6? 
It  mdts  with  intumescence,  into  a  y^lowish- 
peen  vesicular  enamel.  Its  coitftituents  are, 
"litt  43,  afaiinina  16,  lime  90,M»zide  of  iron 


16,  water  4. —  Vauguelin.  U  occurs  in  primi- 
tive limestone,  in  the  Pic  of  Eres-Lids,  near 
Bareges,  in  the  French  Pyrenees. 

PYRITES.  Native  compounds  of  metal 
with  sulphur.  See  the  partlculat  metallic 
Ores. 

PYROGOM.    A  variety  of  diopside. 

PYROMETER.  The  most  celebrated 
instrument  for  measuring  high  temperatures 
is  that  invented  by  the  late  Mr.  Weogewood, 
founded  on  the  principle,  that  day  progres- 
sively contracts  in  its  dimensions,  as  it  is  pro- 
gressively exposed  to  higher  degrees  of  heat. 
He  formed  his  white  porcelain  day  into  small 
cylindrical  pieces,  in  a  mould,  which,  when 
they  were  baked  in  a  dull  red  heat,  just  fitted 
into  the  opening  of  two  brass  bars*  fixed  to  a 
brass  plate,  so  as  to  form  a  tapering  space  be- 
tween them.  This  space  is  graduated  :  and 
the  farther  the  pyrometric  day  gauge  can  en- 
ter, the  greater  heat  does  it  indicate.  The  two 
converging  rules  are  placed  at  a  distance  of  0.5 
of  an  inch  at  the  commencement  of  the  scale, 
and  of  0-3  at  the  end. 

Mr.  Wedgewood  sought  to  establish  a  cor- 
respondence between  the  indications  of  his 
pyrometer  and  those  of  the  mercurial  thermo- 
meter, by  employing  a  heated  rod  of  silver, 
whose  expansions  he  measured,  as  their  con- 
necting link.  The  clay-piece  and  silver  rod 
were  heated  in  a  mufHe. 

When  the  muffle  appeared  of  a  low  red 
heat,  such  as  was  judged  to  come  fiilly  within 
Che  province  of  his  thermometer,  it  was  drawn 
forward  toward  the  door  of  the  oven ;  and  its 
own  door  being  then  nimbly  opened  by  an 
assisti^it,  Mr.  Wedgewood  pushed  the  ulver 
piece  as  far  as  it  would  go.  But  as  the  divi- 
sion which  it  went  to  could  not  be  distinguish- 
ed in  that  ignited  state,  the  muffle  was  lifted 
out,  by  means  of  an  iron  rod  passed  through 
two  rings  made  for  that  purpose,  with  care 
to  keep  it  steady,  and  avoid  any  shake  that 
might  endanger  the  displacing  of  the  silver 
piece. 

When  the  muffle  was  grown  suffidently 
cold  to  be  examined,  he  noted  the  degree  of 
expansion  whidi  the  lilver  piece  stood  at,  and 
the  degree  of  heat  shown  by  the  thermometer 
pieces  measured  in  their  own  gauge ;  then  re- 
turned the  whole  into  the  oven  as  before,  and 
repeated  the  operation  with  a  stronger  heat,  to 
obtain  another  point  of  oorrespondoice  on  the 
two  scales. 

The  first  was  at  2-^o  of  his  thennometer, 
which  coincided  with  669  of  the  intermediate 
one ;  and  as  each.of  these  last  had  been  be- 
fore found  to  contain  20<^  of  Fahrenhdt^s,  the 
66  win  contain  1320 ;  to  which  add  60,  the 
degree  of  his  scale  to  which  the  (0)  of  the  in- 
temiediate  thermometer  was  adjusted,  and  the 
sum  1370  win  be  the  degree  of  Fahrenhdt*s 
corresponding  to  his  24°. 

The  second  pomt  of  coinddence  was  at  6^o 
of  his,and92<»of  tfaeintcrinediate;  which  92 
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being,  acoording  to  the  above  ^proportion, 
equivalent  to  1840  of  FabrenheiC  add  60  aa 
before  to  this  number,  and  his  Gp  is  found 
to  faU  upon  the  1890th  degree  of  Fahrenheit. 

It  appears  hence  that  an  interval  of  four  de- 
grees upon  Mr.  Wedgewood*8  thermometer  ia 
equivalent  to  an  interval  of  520^  upon  that  of 
Fahrenheit ;  and,  consequently,  one  of  the 
former  to  130«  of  the  Utter ;  and  that  the  (0) 
of  Mr.  Wedgewood  corresponds  to  1077^  of 
Fahrenheit. 

From  these  data  it  is  easy  to  reduce  either 
scale  to  the  other  through  tneir  whole  range ; 
and  from  such  reduction  it  will  appear,  uiat 
an  interval  of  near  480"  remains  between 
them,  which  the  intermediate  thermometer 
serves  as  a  measure  for;  that  Mr.  Wedge- 
wood's  includes  an  extent  of  about  32000  of 
Fahrenheit*s  degrees,  or  about  54  times  as 
much  as  that  between  the  freezing  and  boil- 
ing points  of  mercuxy,  by  whi<£  mercurial 
ones  are  naturally  limited ;  that  if  the  scale  of 
Mr.  Wedgewood*s  thermometer  be  produced 
downward  in  the  same  manner  as  Fahrenheit's 
haa  been  lupposed  to  be  produced  upward,  for 
an  ideal  standard,  the  freezing  point  of  water 
would  fall  nearly  on  8"  below  (0)  of  Mr.  Wedge, 
wood^s,  and  the  freezing  point  of  mercury  a 
little  below  8j«;  and  diat,  therefore,  of  the 
extent  of  now  measurable  heat,  there  are  about 
5.10ths  of  a  degree  of  his  scale  ficom  the  frees- 
ing  of  mercury  to  the  freezing  of  water;  8« 
fioin  the  freezing  of  water  to  fufi  ignition ;  and 
160«  above  this  to  the  higbeit  degree  he  has 
hitherto  attained. 

Mr.  Wedgewood  concludes  his  account 
with  the  following  uble  of  the  effects  of  heat 
on  different  substimfies,  according  to  Fahren- 
heit's thermometer,  and  his  own. 


Extremity  of  the  scale  I 

of  his  thermometer   j 
Greatest   beat  of  his  ^ 

small  air  furnace      5 
Cast-iron  mdu 
Greatest  heat  of  a  com-  ) 

mon  smith's  forge     \ 
Welding  heat  o(  iron,  i 

greatest  ) 

Welding  heat  of  iron,  1 

least  ] 

Fine  gold  melta 
Fine  silver  melts 
Swedish  copper  mdtts 
Brass  melts 
Heat  by  which  his) 

enamel  colours  are  v 

burnt  on  j 

Hed  heat  fully  visible  > 

in  day-light  \ 

Red  heat  fully  visible  7 
-   in  the  dark  { 

Mercury  boils 
Water  boiU 


Fahr. 

Wedg. 

3227r 

240* 

21877 

160 

17977 

130 

17827 

125 

13427 

95 

12777 

90 

6237 
4717 
4587 
3807 

32 
28 
27 
21 

1857 


1077 


0 


947  -  1 


212 


GiWr 


Vitalheat       •  •  »7»  7^«ft' 

Water  freezes  88  g^jjl^ 

Ftoofspuit  freezes  0  Bf^ 

The  point  at  which  mercury  '^ 

congeals,  consequendy  f  .^  »  5»a 

the  limit  of  mercurial  t  *»tW* 
thermometers,  about     J 

In  a  scale  of  heat  drawn  up  in  this  rasa- 
ner,  the  comparative  extents  of  the  iaSamt 
departments  of  this  grand  and  umversal  mggn 
are  rendered  conspicuous  at  a  aingle  gjbaoe  e£ 
the  eye.  We  see  at  once,  fipr  instaooe,  how 
small  a  portion  of  it  is  concerned  in  animal 
and  v^uble  life,  and  in  the  ordinary  opea. 
tions  ot  nature.  From  freezing  to  vital  bcK 
is  barely  a  five-hundredth  part  of  the  acak ;  « 
quantity  so  inconsiderable,  relaiivclj  to  the 
whole,  that  in  the  higher  sti^ea  of  ^nitian 
ten  times  as  mudi  might  be  added  or  taken 
away  without  the  least  difiereooe  bdng  dzs- 
cemible  in  any  of  ^e  appearances  from  whicfa 
the  intensity  of  fire  has  nithcrto  been  ja6gd 
of.  Hence,  at  the  same  time,  we  maty  be 
convinced  of  the  atilitv  and  importance  cf  a 
physical  measure  for  tnese  higher  deigreei  of 
heat,  and  the  utter  insufficiency  of  the  can- 
mon  means  of  discriminating  and  eatmiadDg 
their  force.  Mr.  Wedgewood  adda«  that  he 
has  often  found  differences,  astonishing  when 
considered  as  a  part  of  this  scale,  in  the  heaii 
of  his  own  kilns  and  ovens,  witfaont  bdbg 
perceivable  by  the  workmen  at  the  time,  ei 
till  the  ware  was  taken  out  of  the  kOn. 

Since  diy  air  angments  in  volama  S-8ths 
for  180  degrees,  and,  ainoe  ita  pi<ogreKiv« 
rate  of  expansion  is  probably  uniform  by  nni- 
form  incrementa  of  heat,  a  pyrometer  might 
easfly  be  constructed  on  this  principle.    Form 
a  bulb  and  tube  of  platinum,  of  ezacdy  the 
same  form  as  a  thermameter»  and  connect 
with  the  extremity  of  the  stem,  at  ri^t 
angles,  a  glass  tube  of  uniform  calibre,  fi&d 
with  mercury,  and  terminating  below  in  a 
recurved  bulb,  like  that  of  the  Itali«i  bam. 
meter.    Graduate  the  glass  tube  into  a  aoiei 
of  spaces  equivalent  to   3-8tb8  of  the  total 
volume  of  the  capacity  of  the  platina  bulb, 
with  3-4th8  of  its  stem.    The  other  fboith 
may  be  supposed  to  belittle  inflaenoed  by  the 
source  of  heat.    On  phmging  the  bulb  and 
2-3ds  of  the  stem  into  a  furnace,  the  dcpressioo 
of  the  mercury  will  indicate  the  degree  of  heat. 
As  the  movement  of  the  column  inll  be  very 
considerable,  it  will  be  scarcely  worth  while  to 
introduce  any  oarrection  for  the  change  of  the 
initial  volume  by  barometrie  variation.    Or 
the  instrument  might  be  made  with  ther^ 
curved  bulb  sealed,  aa  in  Professor  Leslie's  dif- 
ferential  thermometers.     The  glasa  tube  may 
be  joined  by  fusion  to  the  platinum  tube.  Csn 
must  be  taken  to  let  no  mercury  enter  the 
platinum  bulb.    Should  then  be  a  mcdnnkal 
difficulty  in  Bftaking  a  bulb  of  this  metal,  tbea 
a  hollow  cylinder  of  ^  indi  diameter,  with 
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a  platinnin   ftom,   like  that  of  a  tobacco- 
pipe,  screved  into  it,  will  suit  equally  welL 

FVBOPHORUS.  By  thia  name  is  de- 
noted an  artificial  product,  which  takes  fire  or 
becomes  Ignited  on  exposure  to  the  air.  Hence, 
in  the  Oerman  language,  it  has  obtauied  the 
name  of  luf^-zimder,  or  air. tinder.  It  is  pre- 
pared from  alum  by  calcination,  with  the  addi- 
tion of  various  inflammable  substances*  Hom- 
hetg  was  the  first  that  obtained  it,  which  he  did 
accidentally  in  the  year  1680,  from  a  mixture 
of  human  excrement  and  alum,  upon  which  he 
was  operating  by  fire. 

The  preparation  is  managed  in  the  fol- 
lowing manner*     Three  parts  of  alum  are 
mixed  with  two  .paru  of  honey  or  one  of 
flour,   or  sugar;  and  this  mixture  is  dried 
over  the  fire  in  a  glazed  bowl,  or  an  iron 
pan,  diligentlv  stirring  it  all  the  while  with 
an  iron  spatula.    At  first  this  mixture  melts, 
but  by  degrees  it  becomes  thicker,  swells 
up,  and   at  last  runs  into  small  dry  lumps. 
These  are  triturated  to   powder,  and  once 
more  roasted  over  the  fire,  till  ihen  is  not 
the  least  moisture  remaining  in  them,  Mid 
the  operator   is    well    assured    that  it  can 
Hqudy  no  more:  the  mass  now  looks  like 
a    blarkish  powder  of   chsrcoal.     For  the 
sake  of  avoiding  the  previous  above-men- 
tioned operation,  firom  four  to  five  rarts  of 
burned  alum  may  be  mixed   directly  wiUi 
two    of    charcoal   powder.       This   powder 
is  poured  into  a  phial  or  matrass,  with  a 
necA  about  six  inches    long.      The  phial, 
which   however  must  be    filled   three-quar- 
ters  full  only,  is  then  put  into  a  crudble^ 
the  bottom  of  which  is  covered  with  sand, 
and  so  much  sand  is  put  round  the  former 
that  the  upper  part  of  its  body  also  is  co- 
vered with  it  to  the  height  of  an  inch :  upon 
this  ^e  crucible,  with  the  phial,  is  put  into 
the  furnace,  and   surrounded    with  red-hot 
coals.      The  fire,   being  now  gradually  in- 
creased till  the  phial  becomes  red  hot,  is  kept 
up  for  the  space   of  about  a  quarter  of  an 
hour,  or  till  a  black  smoke  ceases  to  issue 
from  the  mouth  of  the  phial,  and  instead  of 
this   a  sulphureous  vapour  exh&le&    which 
commonly  takes  fire.     The  fire  is  Kept  up 
tiU  the  blue  sulphureous  flame  is  no  k>nger 
to  be  seen ;  upon  this  the  calcination  must 
be  put  an  end  to,  and  the  phial  closed  for  a 
short  time  with  a  stopper  of  day  or  loano. 
But  as  aoon  as  the  vessel  is  become  so  cool 
as  to  be  capable  of  being  held  in  the  hand 
the  phial  is  taken  out  of  the  sand,  and  the 
powder  contained  in  it  transferred  as  fast  as 
possible  from  the  phial,  into  a  dry  and  stout 
glass  made   warm,  which'  must  be  secured 
with  a  glass  stopixnr. 

^  We  have  made  a  very  good  pyrophorus  by 
amply  mixing  three  parts  of  alum  with  one  of 
wheat-flour,  calcining  them  in  a  common 
phial  till  the  blue  flame  dispppsHed:   and 


have  kept  it  in  the  same  phial,  well  stopped 
with  a  good  cork,  when  com. 

If  this  powder  be  exposed  to  the  atmo- 
sphere, the  sulphuret  attracts  moisture  from 
the  air,  and  generates  sufficient  heat  to  kindle 
the  carbonaceous  matter  mingled  with  it. 

Dr.  Gobel  states,  that  when  tartrate  of  lead 
is  heated  in  a  elass  tube,  a  very  perfect  and 
beautiful  pyropnorus  is  produced.  When 
some  of  the  dark  brown  ma&s  thus  formed  is 
shaken  out  Into  the  air,  it  immediately  in. 
flames,  and  brilliant  globules  of  lead  cover 
ihe  ignited  surface ;  some  of  these  changing 
by  degrees  into  litharge,  of!er  a  curious  ap- 
pearance. The  ignition  continues  much  longer 
than  with  other  pyrcmhori,  which  circumstance, 
witli  the  &cility  of  preparation,  may  make 
this  a  convenient  method  of  obtaining  fire. 
The  infiaromation  of  those  substances.  Dr. 
Gobel  remarks,  has  been  attributed  principally 
to  the  presence  of  potassium ;  but  this  new 
body  anords  a  proof,  that  other  metallic  com- 
pounds are  susceptible  of  spontaneous  infiam- 
mation^oD  the  accession  of  air. 

Dr.  Hare  prepares  pyrophorus,  by  heating 
for  an  hour  to  a  bright  cherry-red,  in  an  iron 
tube,  a  mixture  of  3  parts  lamp  black,  4 
calcined  alum,  and  8  pearl  ashes.  When 
well  made,  and  poured  out  upon  a  glass  plate 
(especially  if  breathed  upon),  it  kuidles  with 
a  series  of  small  explosions,  somewhat  like 
those  produced  by  throwing  potassium  upon 
water.  There  is  even  danger  to  the  face,  from 
the  number  and  rapidity  of  these  explosions. 
A  ramrod,  on  being  thrust  down  into  a  tube 
oontainmg  this  pyrophorus,  was  projected  with 
much  violence,  and  several  jets  of  fire. — SiUu 
maiCi  Journal^  x,  366. 

PYROP£.  A  sub-species  of  dodecahedral 
garnet  Colour  dark  blood-red,  appearing 
yellowish  by  transmitted  light.  In  grains. 
Splendent  Fracture  conchoid  Transparent 
Refracts  double.  Scratches  quartz  more  rea- 
dily than  precious  garnet  Sp.  gr.  3*7 18-  Its 
constituents  are,  silica  40,  dumina  28*5, 
magnesia  10,  Hme  3*5,  oxide  of  iron  16*5, 
of  manganese  0-25,  oxide  of  chrome  2,  loss 
1'25 — Klaproih.  It  occurs  in  trap-tuff,  at 
Ely,  in  Fifeshire ;  and  in  daystone  in  Cum- 
berland. At  Zeblitz,  Saxony,  it  is  Imbedded 
in  serpentine.  It  is  highly  valued  as  a  gem 
in  jewellery. 

PYROPHYSALITE.  See  Physalite. 

PYROSMALITE.  Colour  liver  brown. 
Inclining  to  mstachio-green.  In  lamellar 
concretions,  aiia  in  regular  six-sided  prisms, 
or  the  same  truncated.  Shining.  Fracture 
uneven.  Translucent  Semi-hard.  Streak 
brownish-white.  Brittle.  Sp.  gr.  3.08.  It 
is  insoluble  in  water,  but  soluble  in  muriatic 
acid  with  a  small  residuum  of  silica.  It  gives 
out  vapours  of  dilorinc  before  the  blowpipe, 
and  becomes  a  magnetic  oxide  of  iron,  its 
constituents  are,  peroxide  of  iron  21*81,  prot- 
X  x2 
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•xid«  of  miuiganfie  21*14,  tub-muriate  of 
iron  14-09,  sUica  35-85,  lime  1-21,  water  and 
loss  5'9. -^Hitinger*  It  occurs  in  a  bed  of 
magnetic  ironstone,  along  with  calcareous  spar 
and  hornblende,  in  Bjelke*fl  mine  in  Nord- 
mark,  near  Philipstadt  in  Wermeland.  It  is 
a  ?ery  singular  compound. 

PYROTARTARIC  ACID.  See  Acid 
(Ptrgtartaetc). 

PYROXENE.    Augite. 

PYROXILIC  SPIRIT.  Mr.  Taylor 
describes  in  the  60th  volume  of  the  Philoso- 
phical Magazine,  p.  315,  a  liquid  which  he 
obtained  from  the  distillation  of  wood,  which 
he  called  Pyroligneous  Ether.  This  substance 
has  been  since  examined  by  MM.  Macatre  and 
Marcet  of  Geneva,  who  have  called  it  Pyrox* 
ilic  spirit. 

It  is  transparent,  colourless,  of  a  strong 
etherous  odour  slightly  resembling  that  of 
ants.  Its  taste  is  hot  and  strong,  leaving  a 
flavour  of  essence  of  mint.  Its  sp.  gravity  is 
0*823.  Boiling  point  about  IdO"  F.  Its 
slightly  acid  properties  are  due  to  a  little  acetic 
acid.  It  bums  away  entirely  with  a  perfectly 
blue  flame.  Alcohol  dissolves  it,  in  all  pro- 
portions,  but  water  separates  it  again.     It 


forms  merdy  an  emuUnoa  with  mux.  It  «ioet 
not  combine  with  oil  of  tnipaitiiie.  Itdiaaolscj 
camphor ;  but  not  olive  ou.  It  al«o  dianlvcs 
pure  potash. 

A  kind  of  ether  may  be  fonned  by  the  actioa 
of  nitric  acid  and  chlerine  on  it ;  vhicfa  shows 
its  analogy  to  alcohoL  The  pjrroaoetic  ^lizit 
of  Chenevix,  see  Spirit  (Ptboacctic), 
differs  from  this  liquid  in  having  a  lows 
specific  gravity  =  0*786 ;  in  taste  and  sisell ; 
in  burning  with  a  white  flame  ;  and  in  beis^ 
quite  soluble  in  oil  of  turpentine. 

Pyroxiltc  sphit  consists,  in  100  parts,  a£ 

Carbon,      44-53  =  6  atoma. 

Oxygen,     46-61  =  4 

Hydrogen,    UlS  =  7 
Pyroacetic  spirit  of  Cheoeviz  consists  of 

Carbon,      55*30  =  4  atoms. 

Oxygen,     36-50  =  2 

Hydrogen,    8-20  =  3 
Alcohol  sp.  g.  0*820,  consists,  in  100,  of 

Carbon,        48*8  =:  3  atoms. 

Oxygen,       39-9  =;  2 

Hydrogen,    11-3  =  5 
There  is  some   mistake  in  printing  the 
atomic  numbers.     BtbUoihequc  UnlveruUr^ 
and  Journal  of  Science,  xviL  171. 
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QUACK  MEDICINES.  Tlie  following 
formube  for  the  preparation  of  certain  ouack 
medicines  have  been  published  by  Dr.  Paris 
in  his  valuable  PharmacologuL, 

Anderfon^t  PilU, — Aloes,  jalap,  oil  of  ani- 
seed. 

Aromatic  Lozenges  of  Steel. — Sulphate  of 
iron  and  tincture  of  cantharides  ! 

Pectoral  BaUam  of  Honey. — Tincture  of 
benzoin. 

Barclay^  Antibiliout  Pi^.— Extract  of 
colocynth,  2  drachms;  extract  of  jalap,  1 
dracbm ;  almond  soap,  1  drachm  and  a  half; 
guaiacum,  3  drachms;  tartarized  antimony, 
8  grains ;  essential  oils  of  juniper,  caraway, 
and  rosemary,  of  each  4  drops,  formed  into  a 
mass  with  syrup  of  buckthorn,  and  divided 
into  64  pills. 

Bateit  Anodyne  B<iUam. — 1  part  of  tinc- 
ture of  opium,  2  parts  of  opodeldoc. 

Black  Drop, — Take  half  a  pound  of  opium 
sliced,  three  pints  of  good  verjuice,  1  ounce 
and  a  half  of  nutmegs,  and  half  an  ounce  of 
saffron ;  boil  them  to  a  proper  thickness,  then 
add  a  quarter  of  a  pound  of  sugar,  and  two 
spoonfuls  of  yeast ;  set  the  whde  in  a  warm 
place  near  the  fire  for  six  or  eight  weeks,  then 
place  it  in  the  open  air  until  it  becomes  a 
syrup ;  lastly,  decant,  filter,  and  bottle  it  up. 
One  drop  is  considered  coual  to  three  of  the 
tincture  of  opium  gf  the  pnarmacoporia. 


BroiunCt  Nervous  Cordial  consists  of  the 
tinctures  of  gentian,  oolumba,  caidanioDi,  and 
bark,  with  the  compound  spirit  of  Javaider 
and  wine  of  iron. 

Chelsea  Pensioner^  a  cure  for  iheQmatisDk 
—Powdered  guaiacum,  1  diachm ;  xhabaib,  2 
drachms ;  cream  of  tartar,  1  ounce ;  flowen  of 
sulphur,  2  ounces  ;  1  nutm^  finely  powdoed ; 
make  into  an  electuary,  with  one  pound  of 
clarified  honey;  two  large  spoonfiUs  to  be 
taken  night  and  morning. 

Ching^s  JTorm  Lozenges.—CYdtAj  calomel 
and  jalap. 

Colky*s  Hcptioton/.— Quicklime  and  suU 
phuret  of  potass.  (We  suspect  orpiment  in 
this  compound). 

Dqff)f*s  i?/ixir.--Compound  tiDctuie  of 
senna  of  the  Edlnbuigb  Pfaannacopaia, 
sweetened  with  treacle,  and  flavoured  with 
aniseed  and  elecampane  root.  DiceyU  Dajy 
and  Strinton's  Daffy  difl«r  little  fiom  each 
other. 

DaXbyU  Carminative.'^^tiffiai%f  40  gr.; 
oil  of  peppermint,  1  drop;  of  nutmeg,  S 
drops ;  of  aniseed,  3  drops ;  tincture  of  cas- 
tor, 30  drops;  of  assafotida,  15  drops;  of 
opium,  6  orops;  spirit  of  pennyroyal,  15 
drops ;  compound  tincture  of  caidamoms,  30 
drops ;  peppennint- water,  2  ounces. 

Essence  qf  CoUtfooL — This  preparstioo 
(says  Dr.  Pm)  con|fsU  of  equal  paru  of  the 
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balsam  of  Tola  and  the  compouDd  tincture  of 
benzoin,  to  which  is  added  double  the  quantity 
of  rectified  spirit  of  wine ;  and  this,  forsooth, 
is  a  pectoral  for  coughs  !  If  a  patient,  with  a 
pulmonary  affection,  thonld  recover  during 
the  use  of  such  a  rf^medy,  I  should  certainly 
designate  it  as  a  lucky  escape,  rather  than  a 
skilful  cure, 

WMtehead*t  EsiCfiee  of  Muttard, — Oil  of 
turpentine,  camphor,  and  spirit  of  rosemary, 
with  a  little  flour  of  mustard  to  colour  it. 

FreemafCt  Balking  Spirits. — Opodeldoc, 
coloured  with  Dalfy^s  Elixir. 
.  GudbokPs  Vegetable  Balsam. — Honey  and 
vinegar. 

Gothland's  Lotion,-^ A  solution  of  corrosive 
aublimate,  in  emulsion  of  bitter  almonds. 

Jameses  Analeptic  Pi///.— James's  powder, 
gum  ammoniacum,  pill  of  aloes,  with  myrrh, 
of  each  eaual  parte},  made  into  a  mass  with 
tincture  of  castor. 

JNTorri***  2>rqp*.— A  cdoured  solution  of 
tartarized  antimony  in  rectified  spirit. 

Remedies  for  the  Hooping-cough.'^'Eiihet 
opiates,  or  medicines  containing  sulphate  of 
cine. 

Iloehe*s  Embrocationjbr  the  Hooping-cough, 
—Olive  oilf  mixed  with  half  its  quantity  of 
the  oils  of  cloves  and  amber. 

RuepinVs  Tincture  fir  the  TVefft.— Floren. 
tine  iris  root,  8  ounces ;  doves,  1  ounce ;  rec- 
tified spirit,  2  pints ;  ambergris,  1  senile. 

Scouring  i>rop#.— Oil  of  turpentine,  per- 
fumed  with  essential  oil  of  lemon-peel. 

Solomon's  Balm  of  Gilead — An  aromatic 
tincture,  of  which  caidamoms  form  the  leading 
Inmdient,  made  with  brandy.  Some  prac- 
titioners have  asserted  that  cantharides  enter 
its  composition. 

Steer^s  Opodeldoc* — Castile  soap,  1  ounce; 
rectified  spirit,  8  ounces ;  camphor,  3  ounces 
and  a  half;  oU  of  rosemary,  half  a  drachm ; 
oil  of  origanum,  1  drachm ;  solution  of  am- 
monia,  6  drachms. 

Taylor^ s  Remedy  for  Deafness, — Oarlic, 
infus^  in  oil  of  tdmonds,  and  coloured  by 
alcanetroot 

QUARTATION  is  an  operation  by  which 
the  quantity  of  one  thing  is  made  equal  to  a 
fburth  part  of  the  Quantity  of  another  thing. 
Thus,  when  gold  alloyed  with  silver  is  to  be 
parted,  we  are  obliged  to  facilitate  the  action 
of  the  aquafortis  by  reducing  the  quantity  of 
the  former  of  these  metals  to  one.fourth  part  of 
the  whole  mass ;  which  is  done  by  sufiiciently 
increasing  the  quantity  of  the  silver,  if  it  be 
necessary.  This  operation  is  called  quartation, 
and  is  preparatory  to  the  parting ;  and  even 
many  authois  extend  this  name  to  the  opera- 
tion df  narting.    See  Assat. 

Q^I^ARtrZ.  Professor  Jameson  divides  this 
min^  gcmis  into  two  species  ;  ihomboidal 
quartij,*  and  indivisible  quartz. 

1.  Ithomhoidal  qnartr.  coiftains  14  sub- 
species.   1.  Amethyst    2.  Hock  crystal.    3. 


Milk  quarts.  4.  Common  quarts.  5.  Prase. 
0.  Cat*s  eye.  7*  Fibrous  quarts.'  8.  Iron 
flint.  9.  Homstone.  10.  Flinty  slate.  11. 
Flint  12.  Calcedony.  13.  Heliotrope.  14. 
Jasper. 

2.  Indivisible  quartz  contains  nine  sub- 
species. 1.  Float-stone.  2.  Quartz  sinter. 
3.  Hyalite.  4.  Opal.  5.  Menilite.  6. 
Obsidian.  7.  Pitchstone.  8.  Pearlstone. 
9.  Pumice-stone.  We  sbaU  treat  here  of  the 
quartz  sub-species. 

1.  Rose  or  milk  quartz.  Colour  rose-red, 
and  milk-white.  Massive.  Shming.  Frac- 
ture conchoidal.  Translucent.  It  is  probably 
silica,  coloured  with  manganese.  It  is  found 
in  Bavaria,  where  it  occurs  in  beds  of  quarts 
in  granite,  near  Zwlesd,  &c. 

2.  Common  quartz.  Colours  white,  gray, 
and  many  others.  Massive,  disseminated, 
imitative,  in  impressed  forms,  in  supposititious 
and  true  crystals.  The  latter  are,  a  six- sided 
prism,  acuminated  on  both  extremities  by  six 
planes;  a  simple  six-sided  pyramid,  and  a 
double  six-sided  pyramid.  Splendent  to  glis- 
tening. Fracture  coarse  splintery,  and  some- 
times slaty.  Translucent.  It  is  one  of  the 
most  abundant  minerals  in  nature. 

3.  Fibrous  quartz.  Colours  greenish  and 
yellowish  white.  Massive,  and  in  rolled  pieces. 
In  curved  fibrous  concretions.  Glimmering  and 
pearly.  Fracture  curved  slaty.  Translucent 
on  the  edges.  Nearly  as  hard  as  quartz.  Not 
very  difficuldy  frangible.  Sp.gr.  3-123?  It 
occurs  on  the  bulks  of  the  Moldare  in 
Bohemia. 

4.  Quartz^  or  tUiceous  sinter^  Of  this  there 
are  three  kinds ;  the  common,  opaline,^  and 
pearly. 

§  1.  Common,  Colours  grayish-white  and 
reddish-white.  Massive  and  imitative.  Doll. 
Fracture  fist  oonchoida].  Translucent  on  the 
edges.  Semi-hard.  Very  brittle.  Sp.gr.  1-81. 
Its  constituents  are,  silica  98,  alumina  1-5, 
iron  0-6  — Klapr,  It  occurs  abundantly  round 
the  hot  springs  in  Iceland. 

§  2.  OpaUne  siliceous  sinter.  Colour  yd. 
lowish  white.  Massive.  Fracture  conchoidal. 
Glimmering.  Translucent  on  the  edges.  Se. 
mi-hard.  Brittle.  Adheres  to  the  tongue.  It 
occurs  at  the  hot  springs  in  Iceland.  It  resem- 
bles opaL 

§  3.  Pearl  sinter,  orjlorite.  Colour  milk- 
white.  In  imitative  shapes.  Lustre  between 
resinous  and  pearly.  In  win  concentric  lamel- 
lar concretions.  Fracture  fine  grained  uneven. 
Translucent.  Scratches  glass,  but  not  so  hard 
as  quartz.  Brittle.  Sp.  gr.  1*9 17*  Its  con. 
stituents  arc,  silica  94,  alumina  2.  lime  4. 
— Santi,  It  has  been  found  in  volcanic  tufl* 
and  pumice,  in  the  Viccntinc.  See  Rocx 
Cjiystal. 

QUERCITRON.    See  Dveino. 

QUICKSILVER.    See  Mercury. 

QUININA  or  QU1NL\.  A  vegetable 
alkali,  extracted  from  pale  cinchona,  by  a 
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procew  exactly  limikr  to  that  described  under 
Cinchonina.  It  is  obtained  in  txazuparent 
plates.  It  is  as  insoluble  in  water  as  dncho- 
nioa ;  but  its  taste  is  more  bitter.  It  unites 
with  the  adds,  forming  oTstalilsable  salts. 
The  sulphate  is  of  a  dull  white  colour,  silky 
and  flexible:  it  is,  like  the  alkali,  soluble  in 
alcohol;  it  bums  away  without  leaving  any 
residuum.  According  to  MM.  Pelletier  and 
Caventou,  it  is  compmed  of 

Quimna,  100 

Sulphuric  acid,  10*9147 

but  M.  Baup  describes  a  crystallized  sulphate 
as  wellasasupenulphate.  Tbefintoonaistiof 
Qninina,  1  prime,  45 

Sulphuric  acid,  1  5 

Water,  4  4-5 

54-5 


The  seoodd,  of 

Quinina, 

1  prime,   45 

Acid, 

2              10 

Water, 

16               18 

73 

The  aeetuU  is  remarkable  for  the  manner 
in  which  it  crystallizes.  Its  aystala  are  flat 
needles  of  a  peariy  appearance,  whidi  are 
grouped  in  silky  bundles,  or  in  stars. 

Neutral  nilphate. 

1  atom  Qninia,  45    76*272 

2  Sulph.  add,    5      8-474 
8  Water,  9    15-254 


100-000 


Quinina  is  very  soluble  in  ether ;  dnchonioi 
is  not  Hence  thia  liquid  may  be  empbyed 
to  separate  these  two  alkalis. 

The  sulphate  of  quinina,  in  doses  d  hen 
6  to  12  graina,  has  been  found  an  efikta^I 
remedy  against  intermittent  fevers.  It  is  said 
that  the  red  or  yellow  bark  yields  the  vm 
febrifuge  qttiniiia.  Sts  Journal  qfSckiuXyi- 
391,  and  xii.  327* 

Quinina  agrees  with  nnrhnnina,  in  aSorih 
a  laige  quantity  of  ammonia,  when  sabjectoi 
to  destructive  dUrilb^tiftiL,  and  oooioiucdi]/  '» 
containing  a«ite  as  one  of  its  elements.  A»- 
lyicd  by  Sir.  Brande,  it  afforded,  in  100  puiv 

Carbon,        73*09 

Azote,  13-00 

Hydrogen,      7-65 

Oxygen,         5-55 

10000 
Jourtu  of  Scknce,  xri.  283. 
Analysis  by  Dumas  and  Pelletier, 
Carbon,        74-14 
Hydrogen,      6-77 
Azote,  8-aO 

Oxygen,       10-76      . 

JntLdeCAim.xxiv.li^-, 
M.  Baup  adopts  45  as  the  prime  «P 
valent  of  quinia.    He  states  its  suliilu»*' 
follows : — 

Supersulphate  in  reeianffuTar  pdinu- 

1  atom  45        61-044 

2  10        13-098 
16  18        24-658 

100-000  ..  ^ 
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RADICAL.  That  which  is  considered  as 
constituting  the  distinguishing  part  of  an  add, 
by  its  union  with  the  acidifying  prind^e,  or 
oxygen,  which  is  common  to  all  adds.  TDius, 
sulphur  is  the  radical  of  the  sulphuric  and 
sulphurous  adds.  It  is  sometimes  caUed  the 
base  of  the  add,  but  base  is  a  term  of  more 
extensive  appUoation. 

RADICAL  VINEGAR.  See  Acid 
(Acetic). 

RAIN.  Mr.  Luke  Howard,  who  may  be 
considered  as  one  of  our  most  accurate  scientific 
meteorologists,  is  inclined  to  think,  that  rain 
u  in  almost  every  instance  the  result  of  the 
electrical  action  of  clouds  upon  each  other. 
This  idea  is  confirmed  by  observations  made 
in  various  ways,  upon  the  electrical  state  of 
clouds  and  rain  ;  and  it  is  very  probable  that 
a  thunder..storm  is  onlv  a  more  Sudden  and 
sensible  dispky  of  those  energies,  which, 
according  to  the  order  observable  in  the  crea- 
tion in  other  respects,  ought  to  be  incessantly 


and  aflcntly  operating  for  mow  go^  •" 
beneficial  purposes.  .    ,   a/^i^^I 

In  the  fUSuon  of  theiain  di»d^-<^^ 
two  drcumstanoes  d*™  P"°*"^  "Svioui 
the  spreading  of  die  superior  ^J^TZ 
in  aU  direc&mK  untU  ^^jl^^ 
ttrcUuSy  one  uniform  *^*** »  J?i*  ^^w^/w 
motion,  and  visible  decrease,  of  toe  ^ 
when  brought  under  the  Utter,  ij^  ^ 
also,  whldi  so  fi^^^^r  f^^TeeoA 
superior  sheet  upwards,  •°dic*mc« 
hairs,  carry  mudi  the  m'^'Ltnc^ 
rary  conductors  for  the  eJ«<*^' \lkB  rf 
by  the  sudden  union  of  °>»°"^  JXTorm 
vapour,  into  the  vastly  "^S^^^CavaBo^ 
the  rain.  By  one  e«P«^!"' 5  feting 
with  a  kite  drying  360  f^rf^^ 
string,  m  an  interval  bctwfOJV  ^  {be 

and  lept  up  during  i«n,  ^^electricity 
miperior  dimds  possessed  a  po«"vc       j^ 

b£ra  the  rain,  which  on  the  «J^  „,g«ti^t, 
cam«/«*,  gave  place  to  a  vety  «tro«» 


RAI 


679 


RAI 


oontlnuiDg  as  long  at  it  was  over  the  kite. 
M^e  are  not,  however,  warranted  fioni  this  to 
conclude  the  cumulus  which  brings  on  rain 
always  negative,  as  the  came  effect  might  ensue 
from  a  positive  cumuius  uniting  with  a  nega. 
live  stratus.  Yet  the  general  negative  state 
of  the  lower  atmosphere  during  rain*  and  the 
positive  indications  commonly  given  by  the 
tme  stratus^  render  this  the  more  probable 
opinion.  It  is  not,  however,  absolutely  neces- 
smry  to  determine  the  several  states  of  the 
dcmds  which  appear  daring  rain,  since  tlieve 
is  cufilcicnt  evioenos  in  favour  of  the  condu. 
sion,  that  clouds  formed  in  different  parts  of 
the  atnnosphere,  operate  on  each  other,  when 
htoQght  near  enough,  so  as  to  occasion  their 
partial  or  entire  £stmction ;  an  effect  wluch 
eaa  be  attributed  only  to  their  possessing 
before-hand,  or  acquiring  at  the  moment,  the 
opposite  electricities. 

It  may  be  objected,  says  Mr.  Howard,  that 
this  explanation  is  better  suited  to  the  case 
of  a  shower  than  to  diat  of  continued  rain, 
for  which  it  does  not  seem  sufficient    If  it 


should  appear,  nevertheless,  that  the  supply 
of  each  kind  of  cloud  is  by  any  means  kept 
up  m  proportion  to  the  consumption,  the  ob- 
jection will  be  answered.  Now,  it  is  a  well 
known  fact,  that  evaporation  from  the  surface 
of  the  earth  and  waters,  often  returns  and 
continues  during  rain,  and  consequently  fur- 
nishes the  lower  douds,  while  the  upper  are 
recruited  from  the  quantity  of  vapour  brought 
by  the  superior  current,  and  continually  sub* 
sidmg  in  the  form  of  dew,  as  is  evident  both 
from  the  turbidness  of  the  atmosphere  in  rainy 
seasons,  and  the  plentiful  deposition  of  dew  in 
the  nocturnal  intervals  of  rain.  Neither  is  it 
pretended  that  electricity  is  any  further  con- 
cerned in  the  production  of  rain,  than  as  a 
secondary  agent,  which  modifies  the  efibet  of 
the  two  grand  predisposing  causes^^— «  iUling 
temperature,  and  the  influx  of  vapour. 

Mr.  Dalton,  who  has  paid  much  attention 
to  meteorology,  has  recently  read  before  the 
Manchester  Society,  an  elaborate  and  interest- 
ing  memoir  on  rain,  from  which  I  shall  ex- 
tract a  table,  and  some  observations. 


ilfeoit  Monthly  and  Annual  Quantiiigs  of  Rain  at  Various  Places^  hekng  the  Averages  fir 
many  Years^  by  Ms.  Daltoh. 
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Jan. 

2-310 

2177 

2-196 

3-461 

5-299 

3.095 

1-695 

1-464 

1-228 

2-477 

2-530 

Feb. 

2-668 

1-847 

1-652 

2-995 

5-126 

2837 

1-741 

1-250 

1-232 

1-700 

2-295 

Mar. 

2-098 

1523 

1322 

1-753 

3-151 

2-164 

1-1  ai 

1-172 

1-190 

1-927 

1-748 

June 

2010 

2104 

2.078 

2180 

2-986 

2-017 

0-979 

1-279 

1185 

2-686 

1-950 

2-895 

2573 

2-118 

2-460 

3480 

2-568 

1-641 

1-636 

1-767 

2-931 

2-407 

2-502 

2-816 

2286 

2-512 

2-722 

2974 

1-343 

1-738 

1-697 

2-562 

2-315 

July 

3097 

3-663 

3-006 

4140 

4-959 

3-256 

2-303 

2-448 

1800 

1-882 

3-115 

Aug. 

3665 

3311 

2435 

4581 

5039 

3199 

2746 

1-807 

1-900 

2-347 

3-103 

Sept. 

3-281 

36.54 

2-289 

3-751 

4-874 

4-350 

1-617 

1-842 

1550 

4-140 

8-135 

oL 

3922 

3-724 

3079 

4151 

5439 

4-143 

2-297 

2.092 

1-780 

4-741 

3-537 

Nov. 

3-360 

3-441 

2-634 

3-775 

4-785 

3174 

)-904 

2-222 

1-720 

4-187 

3120 

Dee. 

3832 

3-288 

2-569 

3965 

6084 

3-142 

1-981 

1-736 

1-600 

2-397 

3-058 

36-140 

34.118 

27-664 

39714 

53-944 

36-919 

21-331 

20-686 

18649 

33-977 

^  Observations  on  the  Theory  of  Rain. 

**  £very  one  must  have  noticed  an  obvious 
connexion  between  heat  and  the  vapour  in  the 
atmespbeie.  Heat  promotes  evaporation,  and 
contributes  to  retain  the  vapour  when  in  the 
atmosphere,  and  cold  precipitates  or  condenses 
the  vapour.  But  these  facts  do  not  explain 
the  phenomenon  of  rain,  which  is  as  frec^uently 
attended  with  an  increase  as  with  a  dinunution 
of  the  temperatuia  of  the  atmosphere. 

'*  The  late  Dr.  Uutton,  of  Blivburdi,  was, 
I  coooaivc,  the  first  peraoa  who  pnboihed  a 


correct  notion  of  the  cause  of  rain.  (See 
Edin.  Trans,  vol  L  and  iL  and  Button's  Dis- 
sertations, &c)  Without  dedduig  whether 
vapour  be  simply  expanded  by  heat,  and  dif- 
fused through  the  atmosphere,  or  chemically 
combined  with  it,  he  maintained  from  the  phe- 
nomena that  the  quantity  of  vapour  capable 
of  entering  into  the  air  increases  in  a  grcatar 
ratio  than  the  temperature;  and  hence  he 
fairly  infers,  diat  wnenever  two  volumes  of 
air  of  different  temperatures  are  mixed  together, 
each  being  pnn-ioubly  saturated  with  vapour, 


of  vapour. 

^^  The  caufle  of  nin,  thecdore,  is  now,  I 
consider,  no  longer  an  object  of  doubt.  If 
two  masses  of  air,  of  unequal  temperatuves, 
by  the  ordinary  currents  of  the  winds  are 
intermixed,  when  saturated  with  Tapour,  a 
precipitation  ensues.  If  the  masses  are  under 
saturation,  then  less  precipitation  takes  place, 
or  none  at  all,  according  to  the  degree.  Also 
the  warmer  the  air,  the  greater  Is  the  quantity 
of  vapour  precipitated  in  like  circumstances. 
Hence  the  reason  why  rains  are  heavier  in 
summer  than  winter,  and  in  warm  countries 
than  in  cold. 

^^  We  BOW  inquire  into  the  cause  why  less 
rain  falU  in  the  first  six  months  of  the  vear 
than  in  the  last  six  months.  The  whole 
quantity  of  water  in  the  atmosphere  in  Janu- 
ary is  usually  about  thiee  inches,  as  appears 
from  the  dew  point,  which  is  then  about  32^. 
Now  the  ioroe  of  vapour  at  that  temperature 
is  0-2  of  an  inch  of  mercury,  which  is  equal 
to  2.8  or  three  inches  of  water.  The  dew 
point  in  July  is  usually  about  68^  or  69^, 
corresponding  to  0*5  of  an  inch  of  mercury, 
which  is  equal  to  seven  inches  of  water ;  the 
difference  is  four  inches  of  water,  which  the 
atmosphere  then  contains  more  than  in  the 
former  month.  Hence,  supposing  the  usual 
intermixture  of  currents  of  air  in  both  the 
intervening  periods  to  be  the  same,  the  rain 
ought  to  be  four  inches  less  in  the  former 
period  of  the  year  than  the  average,  and  four 
iiiches  more  in  the  latter  period,  making  a 
difference  of  eight  inches  between  the  two 
periods,  which  nearly  accordn  with  the  pre- 
ceding observations."  Mr.  Daniell*s  Meteo- 
rological Essays  contain  the  best  body  of  in- 
formation on  the  phenomena  of  ram,  dew,  and 
climate,  which  is  extant. 

RANCIDITY.  The  change  which  oils 
undergo  by  exposure  to  the  air. 

The  rancidity  of  oils  is  probably  an  effect 
analogous  to  the  oxidation  of  metals.  It  es- 
sentially depends  on  the  combination  of  oxygen 
with  the  extractive  principle,  which  is  na- 
turally united  with  the  oily  prindjde.  This 
inference  is:  proved  by  attending  to  die  pro- 
cesses used  to  counteract  or  prevent  the  ran- 
cidity of  oils. 

KEAGENT.  In  the  experiments  of  che- 
mical analysis,  the  component  parts  of  bodies 
may  either  be  ascertained  in  quantity  as  well 
as  quality,  by  the  perfect  operations  of  the 
laboratory,  or  theur  quality  alone  may  be  de- 
tected by  the  operations  of  certain  bodies 
called  reagents.  Thus  the  infusion  of  galls 
is  a  reagent,  which  detects  iron  by  a  dark 
purple  precipitate;  the  pruasiate  of  potash 
exhibits  a  blue  with  the  same  metal,  &c 
See  Analysis,  and  Watehs  (Mineral). 

REALGAR.  Sulphurct  of  arsenic,  a 
»aUve  ore. 


tory  vessels,  to  ooUect,  ivesive,  and 
the  products  of  distillations. 

RED  CHALK.  Akindofdaji 

REDDLE.    Red  chalk. 

REDUCTION,  OR  REVTVIFICA^ 
TION.  This  void,  in  its  most  ciUeMlfc 
sense,  is  applicaUs  to  afl  opoations  by  whids 
any  substance  is  lesMvcd  to  its  natnni  state, 
or  which  is  considered  ss  sadi :  bat  costosn 
confines  it  to  operatioas  by  which  meials  ue 
restored  to  their  metaUic  statt,  after  ibey  baive 
been  dqprived  of  this,  either  by 
as  the  metallic  oxidea,  or  by  ^k 
some  heterageneoos  mstCcn  wlucfa 
them,  as  fulminating  gold,  lana  < 
nabar,  and  other  ooDpoonda  of  the  i 
These  reductions  are  also  called  levivificaliana. 
REFRIGERATORY.      See  laABomA. 

TORY. 

REGULUS.  TbenameicgqliiawasgiTeB 
by  chemists  to  melaUk  n 
finom  other  substanees  by  fusloo.  This  i 
was  intioduced  by  skhemists,  wfaoi,  t 
always  to  find  gold  in  the  metal  collected  at 
the  bottom  of  their  crucibles  after  fasioDy 
called  this  metal,  thus  collected,  renins,  as 
containing  gold,  the  king  of  meuds^  It  «as 
afterwards  applied  to  die  metal  extnded  fnm 
the  ores  of  the  semi-nDctals*  whidi  fbimcily 
bore  the  nsme  that  is  now  given  to  ^k  ssmi^ 
metals  themselves.  Thus  we  had  wgmkm  of 
antimony,  regulus  of  arsenic,  and  zegolas  of 
cobalt^ 

RESIN.  The  name  resin  ia  used  to  < 
solid  inflammable  substancea,  of 
origin,  soluble  in  alcohol,  nnslly 
much  soot  by  their  oombustioo.  They  are 
likewise  soluUe  in  oils,  butnotat  all  in  vster  ; 
and  are  more  or  less  acted  upon  by  the  aUcdtis. 

All  the  resins  appear  to  be  nothiiig  ciae 
but  volatile  oils,  rendered  oooaete  by  their 
combination  with  oxygen.  The  exposure  of 
these  to  the  open  air,  and  the  deoomposttion 
of  adds  applied  to  them,  evideotiy  piove  this 
condnsion. 

There  are  some  among  the  known  resins 
which  are  very  pure,  and  perfectly  aolofale  in 
alcohol,  such  as  the  balssm  of  Mecca  and  of 
capivi,  turpentines,  tacamahaca,  dcmi;  others 
arc  less  pure,  and  contain  a  small  portioD  of 
extract,  wliich  renders  them  not  totatty  sofaible 
in  alcohol ;  such  are  mastic  sandarach,  goal. 
acum,  labdanum,  and  dnigOD*s  blood. 

What  u  most  generally  known  br  the  wmat 
of  resin  simply,  or  soroetiDies  of  ydlkm  reain, 
is  the  residuum  left  after  distilling  d»  *— *t*k^ 
oil  from  turpentine.  If  this  be  mged  by  a 
stronger  fire,  a  thick  bakam,  of  a  dsrlMwd. 
dish-colour,  called  balsam  of  t 
over;  and  the  residaum,  iHncli  is 
bUddsh,  is  ttdled  bhick  reshi,  i 

Resin,  analyaeA  by  MM.  G«f 
Thenard,  was  found  to  consist  of 
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C^vbfln^       75-944 
llydrosen,  10-7191  vntm  15.156 
Oxygen,      13-337  /  hydxogcn  in  excen  a8. 
By  my  analysis  TMinconikti,  in  100  ptfts,  of 
CarboiLi       73*0 
Uydnigen,  12.9 

Oxyaen,      13-5    PhiL  Trans.  1823. 

RESPIRATION.    A  function  of  animals, 

which  ooBUBU  in  the  alternate  inhalation  of  a 

portioQ  of  air  into  an  organ  called  the  lungv, 

and  ita  subeequent  exbiUation.    The  ▼enous 

blood »  vbich  enters  the  lungs  ftom  the  pul- 

monary  arteiy,  is  diarged  with   carbon,  to 

which  it  owes  its  daric  purple  colour.    When 

the  atmoepherical  oxygen  is  appUed  to  the 

interior  of  die  atr-resicles  of  Unn  lungs,  it 

comhines  with  the  carbon  of  the  blood,  forms 

carbonic  add,  whidi  to  the  amount  of  from 

4-5  to  8  per  cent  of  the  bulk  of  ahr  inspired 

ia  immediately  exhaled.    It  does  not  appci^. 

that  any  oxygen  or  aiote  is  absorbed  bj  the 

lungs  in  respiration,  for  the  volume  of  car. 

bonic  add  generated  is  exacdy  equal  to  that 

of  the  oxygen  which  disappean.    Now,  we 

know  that   carbonie  add  contains  its  own 

volume  of  oxygoi.    It  is  ptobable  that  the 

quantity  of  carbonie  add,  nroduoed  in  the 

lungs,  varies  in  different  incuviduah,  and  in 

the  same  individual  under  difibcnt  drcum- 

atanoes.    The  change  of  the  blood,  from  the 

purple  venous  to  the  bright  red  arterial,  seems 

owing  to  the  discharge  of  the  carbon.    An 

ordinary  sised  man  consumes  about  46»000 

cubic  inches   of  oxygen   per   diem;  equi. 

valent  to  125  cubic  net  of  air.    He  makes 

about  20  respirations  in  a  minute ;  or  breathes 

twice,  for  every  seven  pulsations.    Dr.  Prout 

and  Dr.  Fyfe  found,  that  after  swallowing 

intoxicating  liquors,  the  quantity  of  carbonic 

acid  foimed  in  respiration  was  diminished. 

The  same  thing  happens  under  a  course  of 

mercury,  nitric  add,  or  vegetable  diet 

RETINITE.  Redn.asphalt^^a<cft^. 
Colour  ydlowish  and  reddish-brown.  Massive^ 
in  angular  pieces  and  thick  crusts.  Surface 
rough.  Glistening,  resinous.  Fracture  uneven. 
Transluomt  Soft.  Brittle.  At  tiist  elastic, 
but  becomes  rigid  by  exposure  to  the  air.  Sp. 
gr.  M36.  On  a  hot  iron,  it  mdts,  smoko, 
and  buma,  with  a  fragrant  odour ;  soluble  in 
pottsh,  and  partially  in  spirit  of  wine.  Its 
conititueDta  are,  resin  55,  asphalt  42,  earth  3. 
It  is  found  at  Bovey  Tracy  in  Devonshire, 
adhering  to  brown  coal. 

RETORT.  Retorts  are  vessds  employed 
for  msny  distillations,  and  moat  AequenUy  for 
thoK  which  requite  a  degree  of  heat  superior 
to  tfaatof  bafling  water.  This  vessdis  a  kind 
of  botde  with  a  long  neck,  so  bent,  that  it 
mtkeswitfa  the  belly  of  the  retort  an  angle  of 
about  lixty  degrees.  From  this  form  they 
hsTS  {mbably  been  named  retorts.  The  most 
cspadou  part  of  the  retcxrt  is  called  iu  bdly. 
Iti  upper  part  is  called  the  arch«r  roof  of  the 
retort,  aa4  the  bent  part  is  the-ficck. 


ILBU88ITB.  Gdioiir  white.  As  a  mealy 
efilorescence,  and  crystallised,  in  flat  six-sided 
prisms  and  adcular  crystals.  Shining.  Frac- 
ture conchddaL  Soft.  Its  constituents  are, 
sulphate  of  aoda  06-04,  sulphate  of  magnesia 
31-35.  muriate  of  magnesia  2-19,  and  sulphate 
of  lime  0-4S.— jRm(M.  It  is  found  as  an  ef- 
florescence on  the  surface,  in  the  country  round 
Sedlitz  and  Sddschutz. 

REVERBERATORY.     See   Laboba- 

TOEY. 

RHABARBARINE.  The  name  of  a 
supposed  alkaline  base  in  rhubarb,  described 
by  M.  Nani  of  Milan.  Biblioth,  Univers. 
xzii.  232,  and  Journal  of  Science^  xvi.  172. 

RHODIUM.  A  new  metal  discovered 
among  the  grams  of  crude  platina  by  Dr. 
Wolluton.  The  mode  of  obtaining  it  in  the 
state  of  a  triple  salt  combined  with  muriatie 
add  and  soda  has  been  given  under  the  article 
Palladium.  This  may  be  dissolved  in  water 
and  the  metal  predpitated  fiom  it  in  a  blade 
powder  by  zinc 

This  powder  exposed  to  heat  continues 
black;  but  with  borax  it  acquires  a  white 
metalUc  lustre,  though  it  remains  infusible. 
Sulphur,  or  arsenic,  however,  renders  it  fudble, 
and  may  afterward  be  expelled  by  continuing 
the  heat  The  button  however  is  not  mal- 
leable. Its  specific  gravity  appears  not  to 
exceed  11. 

Rhodium  unites  easily  with  every  metal 
that  has  been  tried,  except  mercury.  With 
gdd  or  silver  it  forms  a  very  malleable  alloy, 
not  oxidated  by  a  high  d^ree  of  heat,  but 
becoming  incrusted  with  a  black  oxide  when 
slowly  cooled.  One-sixth  of  it  does  not  per- 
ceptibly  alter  the  colour  at  gold,  but  renders 
it  much  less  fusible.  Ndther  idtric  nornitro- 
muriatic  acid  acts  on  it  id  dther  of  these 
alloys ;  but  if  it  be  fused  with  three  parts  of 
bismudi,  lead,  or  copper,  the  alloy  is  entirdy 
STluble  in  a  mixture  of  nitric  add  with  two 
parts  of  muriadc 

The  oxide  wss  soluble  in  every  add  Dr. 
WoQaston  tried.  The  solution  in  muriatic 
add  did  not  crystallize  by  evaporation.  Its 
residuum  formed  a  rose-coloured  solution  with 
alcohol.  Muriate  of  ammonia  and  of  soda, 
and  nitrate  of  potash,  occasioned  no  prednitate 
in  the  muriatic  solution,  but  formed  witn  the 
oxide  triple  salts,  whidi  were  insoluble  in  al- 
cohoL  Its  solution  in  nitric  add  likewise  did 
not  crystallize;  but  silver,  copper,  and  other 
metals  predpitated  it 

The  solution  of  the  triple  salt  with  muriate 
of  soda  was  not  predpitated  bv  muriate,  car- 
bonate»  or  hydrosulphuret  of  ammonia,  by 
carbonate  or  ferroprussiate  of  potash,  or  by 
carbonate  of  soda.  The  caustic  alkalis  how. 
ever  throw  down  a  yellow  oxide,  soluble  in 
excess  of  alkali;  and  a  solution  of  platina 
occasions  in  it  a  3rdlow  predpitate. 

The  title  of  this  product  to  be  considered 
Bs  a  distinct  metal  was  at  first  questioned ;  but 
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die  erperiments  of  Dr.  WolUstoD  have  tAacc 
been  oonfinned  by  Descodh.— PAii.  Trans. 

RHODONITB.  A  fibrous  ore  of  nMuig^- 
oeae,  containing  silica  39,  protoxide  of  man- 
ganese 50,  Slc 

RHQETIZITB.  Colourwhiie.  Massive, 
And  in  radiated  concretions.  Glistening  and 
pesily.  Fragments  splintoy.  Feebly  trans- 
lucent on  the  edges.  In  other  characters,  the 
same  as  eyanite.  It  occurs  in  primitive  rodcsy 
with  quaitz,  &c  at  Pfttzsci  in  the  Tyred. 

RHOMB  SPAR.  Colour  grayish-white. 
Massive,  disseminated,  and  crystallized  in 
rhomboids,  in  which  the  obtuse  angle  is  106* 
ly.  Splendent,  between  vitreous  and  pearly. 
Cleavage  threefold  oblique  angular.  Fracture 
Imperfect  conchoidaL  Harder  than  calcareous 
spar;  sometimes  as  hard  as  fhior.  Brittle. 
Sp.  gr.  2-8  to  3-2.  It  effervesoes  feebly  with 
acids.  Its  constiments  are,  carbonate  of  lime 
56*6,  carbonate  of  magnesia  42,  with  a  trace 
of  iron  and  manganese. — Murray.  It  occurs 
imbedded  in  chlorite  slate,  limestone,  &c.  It 
is  found  on  the  banks  of  Loch  Lomond ;  near 
Newton^tewart  in  Galloway;  in  compact 
dolomite  in  the  Isle  of  Alan  and  the  North  of 
England.  It  has  been  called  bitter  spar  and 
muricalcite. 

RHUBARB  (ROOT  OF).    Mr.  Biande 
gives  the  following  analysis  of  this  medicine : 
Water,  8-2 

Gum,  31*0 

Resin,  10-0 

Sztract,  tan  and  gallic  add,     26*0 
Phosphate  of  lime,  2*  0 

Malateof  lime^  6*6 

Woody  fibra,  16*3 

100-0 

ROCHE  LLEfeALT.  Tartrate  of  potash 
and  soda.    See  Acio  (Ta&tabic). 

ROCK  BUTTER.  Colour  ydlowish- 
white.  Massive  and  tuberose.  Glimmering. 
Fracture  straight  foliated.  Translucent  on  the 
edges.  Feels  rather  greasy.  Easily  frangible. 
It  is  alum  mixed  with  alumina  and  oxide  of 
iron.  It  oozes  out  of  rocks  that  contain  alum. 
It  occurs  at  the  Hurlett  alum.work,  near 
Paisley. 

ROCK  CORK.    See  AsiivsTus. 

ROCK  CRYSTAL.  Colour  white  and 
brown.  In  rolled  pieces,  and  crystallized.  The 
primitive  form  is  a  rhomboid  of  94**  W  and 
850  45'.  The  secondary  forms  are,  an  equi. 
angular  six^ded  prism,  rather  acutely  acu. 
minated  on  both  extremities  by  six  planes, 
which  are  set  on  the  lateral  planes ;  a  double 
six-sided  pyramid ;  an  acute  simple  six-sided 
pyramid ;  an  acute  double  three-sided  pyramid. 
Splendent  Fracture  perfect  conchoidal.  Trans- 
parent or  translucent.  Refracts  double,  feebly. 
Soatcbes  felspar.  Rather  easily  frangible.  Sp. 
gr.  2-6  to  2-88.  When  two  pieces  are  rubbed 
agahist  each  other,  they  become  phosphorescent, 
and  exhale  an  electric  odour.    Its  constituents 


are,  silica  09|,  and  atraoe  of  UmffamBa  a!.. 
voDA^Buctiobe.  Some  dieniiats  wiyiw»«wt^  thx- 
ithasoneortwo^rcfwtcf  moistare.  Cryssai^ 
of  great  size  and  beauty  are  fniod  in  Axra: 
in  drusy  cavities  in  granite  ;  but  the  &>o: 
are  found  in  the  nrighboarhood  of  Caintgcim 
in  Aberdeenshire,  where  tli^  occur  in  granite, 
or  in  alluvial  soil,  along  with  beryl  Kid  topaz ; 
and  in  the  secondary  greenstone  of  Bmntislafii 
in  Fifeshirck  The  most  magnifioeBt  gtosps  d 
crystals  come  ntRn  Daupinny. 

The  varieties  enclosing  ciyrtab  of  tilagliiai, 
tile  Venu9  bair-stoDea  of  amatevs,  and  those 
eontaining  actincdite,  or  dw  ThetU  hai^-stoe£^ 
are  in  nmdi  repute,  and  sell  at  a  eosiasderabk 
prioe.-^«/ameiofi. 

ROCK  SALT.    Hexabedral  xock  salL 

1.  Foliated,  Colours  white  and  ^nj.  Mas> 
rive,  disseminated,  and  crystallized  in  eabes. 

'^lendent  and  resinous.  Clearage  dueefold 
rectangular.  Fracture  conchoidsd.  Fragmeats 
cubic.  Translucent.  As  hard  as  gypsum. 
Peek  rather  greasy.  Brittle.  It  has  a  saliac 
taste.    Sp.gr.  2.1  to  2.2. 

2.  Fibrous,  Colour  white.  Maanve,  ard 
in  fibrous  concretions.  Glistcniiig,  Tcsiaoox. 
FWigments  splintery.  Translucent.  It  de- 
crepitates  when  heated.  The  coDadtnena  of 
Cheshire  rock  salt,  in  lOOOnarta,  are,  mnriace 
of  soda  9&SL  sulphate  of  lime  6^  muriait 
of  msgnesia  O-y^,  muriate  of  lime  0.^  b. 
soluble  matter  10. — Henry. 

The  greatest  formation  of  rock  salt  is  is 
the  munatiferous  day.  The  salt  is  occasioiw 
ally  associated  with  thin  layen  of  anhydrite, 
stinkstone,  limestone,  and  sandttone.  The 
principal  deposit  in  Great  Britain  is  in  CbcslurB. 
The  beds  alternate  with  day  and  maile,  whidi 
contains  gypsum.  It  occurs  also  at  Droit. 
wich  in  Worcestershire.  For  odier  localities 
see  Professor  Jameson's  Mineralogy,  iH.  & 
ROCK  WOOD.  See  Asbestus. 
ROMANZOVITE.  A  new  mineia]  fbond 
in  the  Ume  quarry  of  Kulla,  at  Kimito,  ia 
Finland.  Its  colours  are  browis,  brownish- 
yellow,  and  blackish-brown.  Compact,  or  in 
crystalline  pbmes,  inclined  at  an  angle  of  1'20* 
to  each  other.  Fracture  small  oonchoida]  like 
common  rosin.  Lustre  shining,  between  vi- 
treous  and  resinous.  Translucent,  in  thin 
fragments.  Hard,  giving  sparks  with  ited. 
Brittle.  Scratches  gjlass  and  fdspar;  but  is 
scratched  by  quartz.  Sp.  gr.  3>8.  In  powder, 
light  yellow.  Mdts  in  the  interior  flame  of 
the  blowpipe.    Constituents, 

Silica         .  .  4124 

Lime  •  .  24-76 

Alumina    •  24*08 

Oxide  of  iron  •  7-02 

Magnesia  and  oxide  of  manganese    0>93 
Volatile  parts  and  loss        •  1-98 

100^ 
M.Jtf/ln.     Annals  (fPhiLl$3X 
ROSEST0NE.    See  Limestonk. 


SAL 


683 


SAL 


BOSK  QUART2.    8eeQuAHTz. 

ROSELITE.  This  new  mineral  occurs 
in  small  welUdefined  translucent  crystals  of  a 
deep  Tose  colour,  on  amorphous  grayish  quartz 
It  comes  firom  Schneeberg  in  Saxony.  It  has 
hitherto  been  placed  with  the  arseniate  of  co- 
balt, fiom  the  same  locality.  It  contains 
arsenic  acid,  united  to  oxide  of  cobalt,  lime. 


and  magneBla,  elements  wfaidi  constitute  the 
plcrophannaoolite  of  Stiomeyer.  See  Phab. 
MACOLITE.     AnnaU  of  PniL  yiil  41A9^ 

RUBELITE.    Redtourmalin. 

RUBY.    See  Sapphire. 

RUBY-SPINEL.    See  Spiirzi.. 

RUST.     Red  carbonate  of  iron. 

RUTILE.    An  ore  of  titanium. 


8ACI1ACTATES.     See    Acid    (Sac- 

I.ACTIC).       

SAFFIX)\rER.    See  Cabthamvs. 
SAGENITE.     Acicular  rutile. 
SAHLITE.     Colours  grccnish-gray,  and 
men  of  other  shades.    Massive,  in  straight 
bimellar  concretions,  and  crystallized;   in  a 
broad  rectargulax  four-sided  prism,  approach- 
ing the  tabular  form,  or  truncated  on  the  lateral 
edges.     Splendent  on  the  principal  fracture; 
on  the  cross  fracture,  dulL    Cleavage  fivefold. 
Fracture  uneven.    Translucent  on  the  edges. 
Harder  than  ausite.     Rather  brittle.     Sp.  gr. 
3-22  to  3-47.     It  melts  with  great  difficulty. 
Its  constituents  are,  silica  53,  magnesia  19, 
alumina  3,  lime  20,  iron  and  manganese  4. — 
Vauquelifu    It  occurs  in  the  Island  of  Unst 
in  SheUand;  in  granular  limestone  in  the 
Island  of  Tiree ;  and  in  Glentilt.   It  is  a  sub- 
species  of  oblique-edged  augite. 

SAL  ALEMBROTH.  A  compound  mu. 
riate  of  mercury  and  ammonia.    See  Al£m- 

B&OTH. 

SAIi  AMMONIAC  (NATIVE);  of 
which  there  are  two  kinds,  the  vokanic  and 
eonchcidat 

1.  Volcanic,  Colonr  yellowish  and  grsyiah- 
wHte.  In  effiocesoenoes,  imitative  sliapes,  and 
crystallized ;  in  an  octohedron ;  rectangular 
four-uded  nrism.  acuminated  with  four  planes, 
set  on  the  lateral  planes ;  a  cube  truncated  on 
the  edges ;  a  rbomboidal  dodecahedron,  and  a 
double  eight-sided  pyramid,  acuminated  with 
four  planes.  Shining.  Cleavage  in  the  di- 
rection ci  the  planes  of  the  octohedron.  From 
transparent  to  opaque.  Harder  than  talc 
Ducule  and  elastic.  Sp.  gr.  1-5  to  1*6.  Taste 
sharp  and  urinous.  IVnen  rubbed  with  quick- 
lime, it  exhales  ammonia.  Its  constituents 
are,  sal  ammoniac  99-5,  muriate  of  soda  0*6. 
— Klaproifu  It  occurs  in  the  vicinity  of 
burning  beds  of  coal,  both  in  Scotland  and 
England.  It  is  met  with  at  Solfaterra,  Vesu- 
vius,  ^tna,  &c. 

2.  ConchaidaL  It  occurs  in  angular  pieces, 
and  consists  of*  sal  ammoniac  97*^,  sulphate 
cf  ammonia  2-5. — Klaproth.  It  is  said  to 
occur,  slong  with  sulphur,  io  beit  of  indu- 
cted day  or  day-slate,  i^  the  country  of 


Bucharia. — Jameson,     See   Acid    (MtTRi- 

ATIC). 

SAL  AMMONIAC.  Muriate  of  am- 
mooia. 

SAL  AlVOIONIAC  (SECRET).  Sul- 
phate  of  ammonia,  so  called  by  iu  discoverer 
Glauber. 

SAL  CATHARTICUS  AMARUS.  Sul- 
phate of  magnesia. 

SAL  DK  DUOBUS.  Sulphate  of  potash. 

SAL  DIURETICC&    Acetate  of  potash. 

SAL  GEM.     Native  muriate  of  soda. 

SAL  GLAUBERI.    Sulphate  of  soda. 

SAL  M  ARTIS.    Green  sulphate  of  iron. 

SAL  MIRABILE,  or  SAL  MIRA- 
BILE  GLAUBERI.    Sulphate  of  soda. 

SAL  MIRABILE  PERLATUM,  or 
SALPERLATUM.    Phosphate  of  soda. 

SALPOLYCHRESTGLASERI.  Sul- 
phate  of  potash. 

SAL  PRUNELLA.  Nitrate  of  potash, 
cast  into  flat  cakes  or  round  balls,  after  fusion. 

SALIFIABLE  BASES,  are  the  alkalis, 
and  those  earths  and  melaUic  oxides  which 
have  the  power  of  neutnlixing  addtty  enthely 
or  in  part,  and  produdng  nits. 

SALIVA.  The  fluid  secreted  hi  the 
mouth,  which  flows  in  considerable  quantit/ 
during  a  repast,  is  known  by  the  name  m 
saliva. 

Saliva,  bende  water,  which  constitutes  at 
least  four-fifUis  of  its  bulk,  contams  the  fol- 
lowing ingredients : — 

1.  Mudlage, 

2.  Albumen, 

3.  Muriate  of  soda, 

4.  Phosphate  of  soda, 
6.  Phosphate  of  lime, 

6.  Phosphate  of  ammonia. 

But  it  cannot  be  doubted,  that,  like  all  the 
other  animal  fluids,  it  is  liable  to  many  changes 
from  disease,  &c.  BrugnatelU  found  the  saliva 
of  a  patient  labouring  under  an  obstinate  ve- 
nerea disease  impregnated  with  oxalic  add. 

The  concretions  which  sometimes  form  in 
the  ailivary  ducts,  &c.  and  the  tartar  or  bony 
crust  which  so  often  attaches  itself  to  the  teeth, 
are  composed  of  phosphate  of  lime. 
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SALUIAG.  A  word  lODietimes  used  for 
m1  ammoniac 

SALT.  Utia  term  has  been  usually  em. 
ployed  to  denote  a  compound,  in  definite  pro- 
portionsy  of  acid  matter,  with  an  alkali,  euth, 
or  metidlic  oxide.  When  the  proportions  of 
the  constituents  axe  so  adjusted,  ^t  the  re- 
sulting substance  does  not  affect  the  colour  of 
infusion  of  litmus,  or  red  cabbage,  it  is  then 
called  a  neutral  salt.  When  the  preSominanoe 
of  add  is  evinced  by  the  reddening  of  these 
infusions,  the  salt  is  said  to  be  acidulous,  and 
the  prefix,  tufer^  or  6i,  is  used  to  indicate 
this  excess  of  acid.  It,  on  the  contrary,  the 
•cid  matter  appears  to  be  in  defect,  or  short 
of  the  quantity  necessanr  for  neuoaltzing  the 
alkalinity  of  the  base,  the  salt  is  then  said  to 
be  with  excess  of  base,  and  the  prefix  wb  is 
attached  to  its  name. 

The  discoveries  of  Sir  H.  Davy  have  how- 
ever  taught  us  to  modify  our  opinions  con- 
cerning saline  constimtion.  Many  bodies,  such 
as  culinary  salt,  and  muriate  of  lime,  to  which 
the  appelladon  of  ioU  cannot  be  reliised,  have 
not  been  proved  to  contain  either  acid  or  alka- 
line matter ;  but  must,  according  to  the  strict 
logic  of  chemistry,  be  regarded  as  compounds 
of  chlorine  with  metals. 

That  great  chemist  remarks,  that  very  few 
of  the  substances  whidi  have  been  always  con- 
sidered as  neutral  salts,  really  contain,  in  their 
dry  state,  the  adds  and  alkalis  from  whidi 
they  were  formed.  According  to  his  viewS) 
the  muriates  and  fluates  must  be  admitted  to 
contain  ndther  adds  nor  alkaline  bases.  Most 
of  the  prussiates  (or  pnissides)  are  shown  by 
^.  Gay  Lussac  to  be  in  the  same  case.  Nitric 
and  sulphuric  adds  cannot  be  procured  from 
the  nitrates  and  sulphates,  without  the  inter- 
vention of  bodies  containing  hydrogen ;  and 
if  nitrate  of  ammonia  were  to  be  judged  of 
fiom  the  results  of  its  decomposition,  it  must 
be  regarded  as  a  compound  of  water  and 
nitrous  oxide.  To  this  position  it  might  per. 
haps  be  objected,  that  dry  sulphate  of  iron 
yidds  sulphuric  acid  by  ignition  in' a  retort, 
while  oxide  of  iron  remains.  Only  those  adds, 
says  he,  which  are  compounds  of  oxygen  and 
inflammable  bases,  appear  to  enter  into  com- 
bination with  the  fixed  alkalb  and  alkaline 
earths  without  alteration,  and  it  is  impossible 
to  define  the  nature  of  the  arrangement  of  the 
dements  in  thdr  neutral  compounds.  The 
phosphate  and  carbonate  of  lime  have  much 
less  of  the  duunacters  attributed  to  neutro-saline 
bodies  than  chloride  of  calcium  (muriate  of 
lime),  and  yet  this  last  body  is  not  known  to 
contain  dther  add  or  alkaline  matter.  M. 
Gav  Lussac  supposes,  that  a  chloric  add, 
without  water  or  hydrogen,  of  one  prime  pro- 
portion  oi  chlorine  nnd  five  of  oxygen,  exists 
in  all  the  hyperoxymuriates  (dilorates),  but 
he  does  not  support  his  proposition  by  any 
proof.    The  hypooxymuriates  were  shown  by 


8tr  EL  Davy,  in  1811,  to  b;  compoted  ofeoe 

prime  of  chlorine,  one  of  a  bssis,  and  six  tr 
oxygen.  Now  hydrogen,  in  the  liquid  chbnc 
add  o(  M.  Gay  Lussac,  may  be  considered  m 
acting  the  part  of  a  base ;  and  to  be  esdungec 
for  potassium  in  (he  aalt  faypotlietically  caSd 
chlorate  of  potash.  It  is  an  important  cxraiiD. 
stance  in  the  law  of  definite  proportioBs,  tfatt 
when  one  metallic  or  inflammable  basis  (po. 
tassium  or  hydrogen,  for  example),  comhinei 
with  certun  propottioos  of  a  oompooad  si 
hyperoxygenated  chlorine,  all  the  ochos  oobi- 
bine  with  the  same  proportionsL 

M.  Gay  Lussac  states,  that  if  the  dUorie 
acid  be  not  admitted  as  a  pure  oomfainatioa  of 
chlorine  and  oxygen,  neither  can  the  hydrm 
nitric  or  hydrosulphuric  adds  be  adirrnm^  as 
pure  combinations  of  oxygen.  Thb  is  per- 
reedy  obvious.  An  add  composed  of  five  pco- 
portions  of  oxygen,  and  one  of  nitnigen,  is 
altogether  hypoUietical ;  and  it  is  a  siinple 
statement  of  facts  to  say,  that  Uquid  nitrk 
add  is  a  compound  of  one  prime  equivalent  of 
hydrogen,  one  of  azote,  and  six  of  oxygen 
(such  add  has  a  sp.  gr.  oonsiderahly  greater 
than  1-50).  The  oo^  difierence  tfaerefoR 
between  nitre  and  hyperoxymuriate  of  potash 
is,  that  one  contains  a  prime  of  aiote,  md  the 
odier  a  prime  of  chlorine. — Thus, 

Nitrate  of  potash.  Chlorate  ofpotaak, 

1  piime  azote,  1  prime  chkrinc, 

6  primes  oxygen,  6  primes  oxjfa, 

]  prime  potassium.  I  prime  [ 


In  eadi,  substitute  hydrogen  lor  its  kindred 
Qombustible,  potassium,  and  you  have  dx 
liquid  adds. 

The  diloriodic  add,  the  diloroesbonous, 
and  the  binary  adds,  containing  hydvoecn,  as 
muriatic  and  hydriodic,  combine  wim  am- 
monia  without  decompodtion,  but  they  appear 
to  he  decomposed  in  acting  upon  the  fixed 
alkalis,  or  alkaline  earths ;  and  yet  the  solid 
substances  they  form  have  all  the  diaracteis 
which  were  formerly  regarded  as -peculiar  to 
neutral  salts,  consisting  of  adds  and  alkalis, 
diough  none  of  them  contain  the  add,  and 
only  the  two  first  of  the  series  contain  the 
alkalis  from  whidi  they  are  formed.  The 
preceding  views  of  saline  conadtution  seem  to 
be  perfectly  clear  and  satis&ctory ;  and  place 
in  a  conspicuous  light  the  paramount  logic  of 
the  English  chemist. 

The  solubility  of  salts  in  water  is  thdr 
most  important  general  habitude.  In  this 
menstruum  they  are  usually  crystallised;  and 
by  its  agency  they  are  purified  and  separated 
from  one  another,  in  the  inverse  order  of  their 
solubility.  The  most  extensive  series  of  ex- 
pcriments  on  the  solubility  of  salts,  whidi  has 
been  published,  is  that  of  Hassenfiratz,  con- 
tained in  die  27di,  28di,  and  Slst  volumes  of 
die  Aitnatet  de  ChUnie.  Dr.  Thomson  \u» 
copied  tlsan  into  the  third  volume  of  his  Sys- 
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fern:  and  I  ahouU  also  have  wiQbgly  foi- 
lowed  the  example,  were  I  not  awaze,  fiom 
my  own  refiearchcB,  that  levetal  of  Haaaen- 
fratz'**  results  are  enoneoua.    It  »  ten  yean 
siuoe  I  oommenoed  a  very  extendve  tnio  of 
experiments  on  thia  aubject,  so  important  to 
the  practical  chemiat,  bat  unforeseen  obstrae- 
tians  have  hitherto  prevented  their  completion. 
Many  of  HassenfraU^s  detenninations;  how- 
ever, are  very  nearly  correct.    But  his  state- 
ment of  the  rektitin  between  the  densi^  of 
filacked  lime,  and  the  proportickn  of  its  com- 
bined  water,  is  so  absonl,  that  I  wonder  that 
a  person  of  his  reputation  ahould  have  pub- 
lished it,  and  that  Dr.  Thomson  should  have 
embodied  it  in  his  system.     In  one  experi. 
mcDt,  10000  grains  of  lime,  sp.  gr.  1.6949, 
combined  with  1620  of  water,  gi?e  a  hydrate 
of  sp.  gr.  1.4877;  and,  in  another,  10000 
grains  of  lime,  sp.  gr.  1.31 75t  ebmbined  with 
1875  of  water,  form  a  hydrate  of  sp.  gr.  0.972. 
Four  parts  of  lime  sp.  gr.  1.4558,  combined 
with  1  o£  water,  are  stMed  to  yield  a  hydrate 
of  sp.  gr.   1.400 ;  and  with  2  of  water,  of 
specific  gravity  0.8983 !  Now,  the  last  pro- 
portion forms  a  mass  greatly  denser  than 
water*   instead  of  being  mn^  lighter  than 
proof  spirits. 

**  Mr.  Kirwan  has  pouited  out,*'  says  Dr. 
Thomson,  *^  a  very  ingenious  method  of  eati- 
mating  the  saline  contents  of  a  mineral  watar 
whoM  specific  gravity  is  known ;  so  that  the 
error  does  not  exceed  one  or  two  parts  in  the 
hundred.   *  The  method  is  this : — subtract  the 
specific  gravity  of  pare  water  fixNoa  the  speeifie 
gravity  of  the  mineral  water  examined  (both 
expreased  in  whole  numbersX  and  multiply 
the  remainder  by  1-4.    The  product  is  the 
saline  contents,  in  a  quantity  of  the  water, 
denoted  by  the  number  employed  to  indicate 
the  specific  gravity  of  distilled  water.    Thus, 
let  the  water  be  of  the  spedfie  gravity  1.079, 
or  in  whole  numben  1079.    Then  the  spe- 
cific gravity  of  distilled  water  will  be  100. 
And  1079—1000  +  1-4  =  110.6  =:  saline 
oontenta  in  1000  parts  of  the  water  in  question ; 
and,  consequently,  11.06  (erroneously  printed 
110.6)  in   100  parts  of  the  same  water.** 
Divested  of  its  superfluous  tautology,  this  rule 
is :  Multiply  by  140  the  decimal  part  of  the 
number,  representing  the  sp.  gr.  of  the  saline 
solution,  and  the  product  is  the  dry  salt  in 
100   grains.      ''This    fbimula,**    adds   the 
Doc0r,  ''  will  of^  be  of  considerable  use, 
as  it  serves  aa  a  kind  of  stsndard  to  which 
we  may  compare  our  analysis.'*    SyHem,  voL 

With  solutions  of  nitre  and  common  salt, 
it  gives  tolerable  approximations ;  and  hence^ 
I  fancy,  that  from  these  solutions  the  rule 
must  have  been  framed.  But  for  solution  of 
sulphate  of  soda,  this  kind  of  standard  sives 
a  quantity  of  dry  salt  nearly  double^  and  for 
that  of  sal  ammoniac,  lew  than  one^half  the 
wal  quantity  present.  •• 


M.  Gay  Lutaac  published  in  the  Ann.  de 
Chimie  et  de  Phya.  xi.  296|  an  important 
memoir  on  the  solubility  of  salta,  from  which 
I  shall  make  a  few  extracts. 

One  is  astonished,  says  this  excellient  che- 
mist, on  perusing  the  dinerent  chemical  works, 
at  the  inaccuracy  of  our  knowledge  respecting 
the  solubility  of  the  salu.  They  satisfy 
themselves  with  the  common  observation,  that 
the  salts'are  more  soluble  in  hot  than  in  cold 
water,  and  with  the  solubility  of  a  few  of  them 
at  a  temperature  usually  very  uncertain ;  yet 
it  is  upon  this  property  of  salts  that  their 
mutual  decomposition,  their  separation,  and 
the  different  processes  for  analyzing  them 
depend.  As  a  chemical  process,  the  solution 
of  the  salts  deserves  peculiar  attention;  for 
though  the  causes  to  which  it  is  due  are  the 
same  as  those  which  produce  other  combina- 
tions, yet  their  effects  are  not  similar.  It  is 
to  be  wished  that  this  interesting  part  of 
chemistry,  after  remaining  so  long  in  vague 
generalities,  may  at  last  enter  the  domain  of 
experiment,  and  that  the  solubility  of  each 
body  may  be  determined,  not  merely  for  a 
fixed  temperature,  but  for  variable  tempera* 
tures.  In  the  natural  sciences,  and  especially 
in  chemistry,  general  conclusions  ought  to  be 
the  result  of  a  minute  knowledge  of  particular 
facts,  and  should  not  precede  that  knowledge. 
It  is  only  after  having  acquired  this  know, 
ledge,  that  we  can  be  sure  of  the  existence  of 
a  common  type,  and  that  we  can  venture  to 
state  facts  in  a  general  manner. 

The  determination  of  the  quantity  of  salt 
which  water  can  dissolve  is  not  a  very  difficult 
process.  It  consists  in  saturating  the  water 
exactly  widi  the  salt  whose  solubility  we  wish 
to  know  at  a  detemuoate  temperature,  to 
weigh  out  a  certain  quantity  of  that  solution, 
to  evaporate  it,  and  weigh  the  saline  residue. 
However,  the  saturation  of  water  may  present 
considerable  uncertainty;  and  before  going 
further  it  is  proper  to  examine  the  subject. 

We  obtain  a  pecfectly  saturated  saline  solu- 
tion in  the  two  foUowing  ways.  By  heating 
the  water  with  the  salt,  and  allowing  it  to 
cool  to  the  temperature  whose  solubUity  is 
wanted ;  or  by  putting  into  cold  water  a  great 
excess  of  salt,  and  gradually  elevating  the 
temperature.  In  each  case,  it  is  requisite  to 
keep  the  final  temperature  constant  for  two 
hours  at  least,  and  to  sthr  the  saline  solution 
frequently,  to  be  qiute  son  of  its  perfect 
saturation.  By  direct  experiments  maoe  with 
much  care,  M.  Gay  Lussac  ascertained  that 
these  two  processes  give  the  very  same  result, 
and  that  of  consequence  they  may  be  employed 
hidifierenUy. 

Yet  Dr.  Thomson  says,  he  found  that  water 
retsins  more  oxide  of  arsenic  when  saturate 
by  cooling,  than  when  put  in  contact  with  the 
oxide  without  any  elevation  of  temperature; 
but  the  reaaon  I  am  persuaded  was,  that  he 
employed  too  little  oxide  of  arsenic  relatively 
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tD  the  water,  and  that  he  did  not  prolong  the 
contact  guffldently.  We  perceive  in  fiu^  on 
a  little  reflectioD,  that  saturation  followt  in  ita 
progress  a  decreasing  geometrical  progression, 
and  that  the  time  necessary  for  completing  it 
dq>cnds  upon  the  surface  of  contact  of  the 
■ohrent  and  the  body  to  be  dissolved. 

It  happens  often  that  the  solution  of  a  salt 
whidi  does  not  crystallize,  and  which,  for  that 
reason,  we  consider  as  saturated,  yields  saline 
molecules  to  the  crystals  of  the  same  nature 
plunged  into  It;  and  it  has  been  concluded 
nan  this,  that  the  crystals  of  a  salt  impoverish 
a  solution,  and  make  it  sink  below  its  true 
pohit  of  saturation.  The  fact  is  certain ;  it  is 
even  very  general ;  but  I  am  of  opinion  that 
ft  has  been  ill  explained. 

Saturation  in  a  saline  solution  of  an  inva- 
riable temperature  is  the  point  at  which  the 
aolvent,  always  in  contact  with  the  salt,  can 
neither  take  up  any  more,  nor  let  go  any  more. 
This  point  is  the  only  one  which  should  be 
adopted,  because  it  is  determined  by  dieraical 
fiirces,  and  because  it  remains  constant  as  long 
as  these  forces  remain  constant.  According  to 
this  definition,  every  saline  solution  which  can 
let  go  salt  without  any  change  of  temperature, 
ia  of  necessity  supersaturated.  It  may  bt 
ahown  that.  In  general,  supersaturation  is  not 
a  fixed  point,  and  that  the  cause  which  pro- 
auoea  it  is  the  same  as  that  whidi  keeps  water 
liquid  bebw  the  tempentuie  at  whidi  It 
congeals. 

^  I  shall  now  give  an  account  of  the  ex- 
periments whidi  I  have  made  on  the  solubility 
ofthetalta. 

*«  Having  saturated  water  with  a  salt  at  a 
'  determinate  temperature,  as  I  have  explained 
above,  I  take  a  matrass  capable  of  holding 
150  to  200  grammes  of  water,  and  whose 
neck  ia  15  to  18  centimetres  in  length.  After 
having  weighed  it  empty,  it  is  filled  to  about 
a  fourth  part  with  the  saline  solution,  and 
weighed  again.  To  evaporate  the  water,  the 
matrass  is  laid  hdd  of  by  the  neck  by  a  pair 
of  pincers,  and  it  is  kept  on  a  red-hot  iron  at 
an  angle  of  about  45o,  taking  care  to  move 
it  continually,  and  to  give  the  liquid  a  rota- 
tory motion,  in  order  to  favour  the  boiling, 
ana  to  prevent  the  violent  bubbling  up  which 
is  very  common  with  some  saline  solutions, 
aA  soon  as,  in  consequence  of  evaporation, 
they  begin  to  deposit  crystals.  When  the 
paline  mass  is  dry,  and  when  no  more  aqueous 
vapours  are  driven  off  at  a  heat  nearly  raised 
to  redness,  I  blow  into  the  matrass,  by  means 
of  a  glass  tube  fitted  to  the  nozzle  of  a  pair  of 
bellows,  in  order  to  drive  out  the  aqueous 
vapour  which  fills  it.  The  matrass  is  then 
allowed  to  cool,  and  weighed.  I  now  know 
the  proportion  of  water  to  the  salt  hdd  in 
aolution,  and  this  is  expressed  by  representing 
the  quantity  of  water  to  be  100.  Each  of  the 
following  results  ia  the  mean  of  at  lewt  two 
experiments  :— 


SohMm^  afChJorid^  ^  Pnrfgr aw*m, 

Tempentun  Chloride  itiMolwd  bf 

eentigiads.  lOO  water. 

0.00*  29.21 

19.35  54>5S 

52.39  43.59 

79.58  5afS 

109.60  59.26 

SohMlity  of  Chloride  rfBmrimmu 

Tcnapentuitetntimia.   .Salt  diMoli>ed  in  1—  wrt»> 

15.64*  34.86 

40.31  43.84 

74.89  50.94 

106.48  59-58 

In  theae  experiments,  the  chloride  of  barina 
Is  supposed  to  be  aDhydroos ;  but  as  when  k 
h  crystallized  it  retains  two  psopovtigDs  of 
water,  22-65,  for  one  of  cUoiide,  131.1,  we 
must  of  neooMity,  in  order  to  coauuaic  in 
solubility  with  that  of  other  salts,  wcrenB 
each  number  of  solubility  by  the  same  nnmbo 
multiplied  into  the  ratio  of  22^  to  131.  U 
and  diminish  by  aa  much  the  quantity  of 
water.  On  making  this  cocrection,  the  pre^ 
ceding  resulta  will  be  changed  into  tiie  IdI- 
lowiog^^ 


Salt  ^sioivcd  hiloa  wMB. 

15.64« 

43.50 

49.31 

55.03 

74.89 

65.51 

105^ 

77.«9 

Soiuhiiity  of  Ckloritfe  ofSo^mm. 

Temperature.        J^alt  dUnlTecl  in  160  water. 

13.89*  3&81 

16L90  3&88 

5^93  37-14 

100.73  40.38 

SoiubUUfofSMJphateqfPottik, 

Tenaiwislure.        Salt  diaolved  in  100  mis. 

12.72"  ia57 

49.08  16^91 

63.90  19.29 

101.50  2^33 

SolubUity  ofSulpfuUe  of  Magmt^a. 

Temperature.  Salt  diuolved  in  IW  water. 

14.68*  32.76 

39.86  45.05 

49.08  49.18 

64.35  56.75 

97.03  72.30 

The  sulphate  of  magnesia  is  here  sappoxd 
anhydrous;  but  as  it  crystallizes  retaining 
seven  portions  of  water,  79.3,  for  one  proponkm 
of  salt,  74.6,  eadi  nnmber  whidi  expresKs 
the  solubility,  must  be  increased  by  this 
number  multiplied  by  the  ratio  of  79-3  to 
74.6,  and  the  corresponding  quantity  of  water 
diminished  as  much.  We  shall  tiliua  have 
for  the  oolubUity  of  crystallised  sulphate  of 
magnesia  the  fidiowing  results :— 
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14.68» 

103.69 

38.86 

17a34 

49.06 

212.61 

64.35 

395.13 

97.03 

644.44 

These  results  are  no  longer  proportional 
to  the  tempsmtiiTes;  Uiey  augaeat  in  a  much 
gtenter  ratio. 


SolubiRty  ofSutphaU  < 

Salt  soluble 

Tenpontim 

Anhydioiu. 

0.W 

5.02 

11.67 

10.12 

13.30 

11.74 

17.91 

16.73 

25.05 

2&11 

28.76 

37.35 

30.75 

43.05 

31.84 

47.37 

32.73 

50.65 

33.88 

50.04 

40.15 

48.78 

45.04 

47.81 

60.40 

4&82 

69.79 

45.42 

70.61 

44.35 

84.42 

42.96 

103.17 

42.65 

in  100  water. 
CiyitalliMd. 

12.17 

26.38 

31.33 

48.28 

99.48 

-    161.53 

215.77 

270.22 

322.12 

312.11 

291.44 

276.91 

262^35 


We  see  1>y  these  results,  that  the  solubilitj 
of  sulphate  of  soda  follows  a  very  singular  law. 
After  having  increased  rapidly  to  about  the 
temperature  of  33^,  where  it  is  at  its  m^-r<miim^ 
it  diminishes  to  103.17^,  and  at  that  point  it 
is  nearly  the  same  as  at  30.6^  The  sulphate 
of  sodn  presents  the  second  example  of  a  body 
whose  solubility  diminishes  as  the  temperature 
augments;  for  Mr.  Dalton  has  alrndy  ob- 
Serred  the  same  property  in  lime. 


SoluhUUy  qf 

NitraU  of  Barytet. 

Temperature. 

Salt  dlHoIved  in  100  water. 

0.00* 

5.00 

14.95 

ai8 

1762 

8.54 

3787 

ia67 

49.22 

17.07 

52.11 

17.97 

73.75. 

25.01 

8&21 

29.57 

101.65 

35.18 

SdM 

UHy  of  Nitre. 

Tempmtttre. 

Salt  dJiiolred  in  loo 

0.00» 

13.32 

5.01 

ia72 

11.67 

22.23 

17.91 

29.31 

24.94 

38.40 

35.13 

*              54.82 

45.10 

74.66 

54.72 

9705 

65.45 

125.42 

79-72 

169.27 

97.66 

236.45 

SoMfiWy  ofChhraU  ofPoia^ 

Temperature. 

0.000 

a33 

13.32 

5.60 

15.37 

6.03 

24.43 

a44 

35.02 

12.05 

49.08 

18.96 

74.89 

35.40 

104.78 

60.24 

The  principal  uses  of  the  munate  of  ioda 
have  ahnuly  been  mentioned  under  the  artide 
muriatio  acid.  In  addition,  it  may  be  ob- 
served, that  almost  all  graminiYOioos  animals 
are  fond  of  it,  and  that  it  appears  to  be  bene- 
fidai  to  thsBH  when  mixed  with  their  food. 
Wood  steeped  in  a  solution  of  it,  so  as  to  be 
dioronghly  impregnated  with  it,  is  yvj  diffi- 
oilt  of  combo^ian :  and  in  Persia  it  is  sap- 
IKised  to  prevent  timber  6om  the  attack  of 
worms,  for  winch  purpose  it  is  used  in  that 
eonntiy.  Brace  informs  us>  tliat  in  Abyssinis 
it  is  used  as  money;  and  it  is  very  probable, 
that  the  pillais  of  Ibssil  fflass,  in  which  the 
Abyssinians  are  said  by  Herodotus  to  have 
enclosed  the  bodies  of  their  reUtions,  were 
notliing  but  masses  of  rock  salt,  which  is  very 
common  in  that  part  of  Africa. 

Salt  was  supposed  by  the  ancients  to  be  so 
detrimental  to  vegetation,  that,  wlien  a  field 
was  condemned  to  sterilitv,  it  was  customary 
to  sow  it  with  it  salt.  Modem  agriculturists, 
however,  consider  it  as  a  useful  manure. 

We  are  indebted  to  Br.  Henry  for  a  very 
elaborate  investigation  of  the  different  varieties 
of  common  salt.  The  following  table  contains 
the  general  statement  of  his  experiments. 


Kindofaalt 

4 

If 

II 

a 

m 

}i 

n 

If 

i{ 

Pare 
mmiale 
ofaoda. 

SrstUbc's, 

9 

trace 

3 

3 

23} 

^ 

28 

40 

960 

E^^  St  Martin's, 

12 

da 

H 

8J 

19 

6 

26 

40^ 

959^ 

•  ItOkion, 

10 

do. 

2 

2 

19i 

«i 

23f 

35i 

964i 

>  B  f  Scotch  (common), 

4 

— 

28 

28 

15 

•3 

32t 

64} 

935f 

5  M  Scotch  (Sunday), 
||)LymiBgton(com,), 
?sj»t  Ditto  (cat), 

1 

— 

M* 

11* 

12 

l4 

29 

971 

2 

— 

11 

U 

15 

36 

50* 

63 

937 

1 

— 

6 

5 

1 

5 

6 

12 

988 

^fCniahediock, 

10 

O-T^ 

?;* 

H 

H 

..^ 

0| 

16| 

983i 

£§•)  Fishery, 
rg)  Common, 

1 
1 

J? 

I 
1 

'^ 

z 

lU 

I4i 

13* 
16, 

StStoved, 

1 

4 

<i» 

1 

>4 

— 

151 

174 

98^ 

<^  In  sea  salt  prepared  by  rapid  eyaporation, 
the  insoluble  portion  is  a  mixture  of  carbonate 
of  lime  with  carbonate  of  magnesia,  and  a  fine 
sQioeons  sand ;  and  in  the  salt  prepared  from 
Cheahire  brine,  it  is  almost  entirely  carbonate 
of  lime.  The  insolttble  part  of  the  less  pure 
^eoes  of  rock  salt  is  chiefly  a  marly  eazth, 
with  some  sulphate  of  lime.  The  quantity  of 
this  impurity,  aa  it  is  stated  in  the  table,  it 
considembly  bdow  the  avenge,  which  in  my 
experiments  has  Tsried  from  10  to  45  parts  in 
1000.  Some  estimate  of  its  general  propor- 
tion, when  ascertained  on  a  larger  scale,  may 
be  formed  ftom  the  fact,  that  GoTemment,  in 
levjring  the  duties,  allow  65  pounds  to  the 
bushd  of  rock  salt,  instead  of  56  pounds,  the 
usual  weight  of  a  bushel  of  salt.'*—^»ir^. 
Fha.  Trans,  for  1810,  pact  1st.  The  con. 
lamination  of  the  Scotch  variety  with  that 
septic  bitter  salt,  muriate  of  magnesia,  acoorda 
perfectly  with  my  own  experiments. 


^  That  kmd  of  salt,  then,**  sajs  tfak  ibk 
chemist,  ^'  which  possesses  most  emiiuody  Ibe 
combined  properties  of  hardness^  oompaaDea, 
and  perfection  of  crystals,  will  be  best  adipfed 
to  the  purpose  of  pecking  fish  and  other  pro- 
visions, because  it  will  remain  pamBDOitlf 
between  the  different  layers,  or  will  beiof 
gradually  dissolved  by  the  fluids  diat  asde 
from  the  provisions;  thus  furnishing  ^do9 
but  constant  supply  of  saturated  brms.  Od 
the  other  hand,  for  the  purpose  of  pwring 
the  pickle,  or  of  striking  die  meat,  vmdi  ii 
done  by  immersion  in  a  saturated  Bokika  of 
salt,  the  smaller  grain^  rariedes  sosva 
equally  well ;  or,  on  account  of  the"  grata 
solubifity,  even  better,"  pronded  th^  be 
equaUy  pure.  His  expaimentt ^'**^?^° 
compactness  of  texture  the  hsge  gBn»J*J' 
tish  salt  is  equal  to  the  foreign  bf^Ml^  ^^^ 
antiseptic  qualities  are  also  the  mm. 
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SALT     (AMMONIACAL,    FIXED). 

Muriate  of  nme. 

SALT  (AMMONIACAL,  SECRET) 
or  OLAUBER.    Sulphate  of  ammonia. 

SALT  (ARSENICAL,  NEUTRAL)  or 
MACQUER.  SaperaneDiateofpotaeb. 

SALT  (BITTER,  CATHARTIC).  SuU, 
rbate  of  magnesia. 

SALT  (COMMON).  Moiate  of  soda. 
See  Acid  (Mu&iatic);  alaoeniof  theazticle 
Salt,  and  Rock  Salt. 

SALT  (DIGESTIVE)  or  SYLVIUS. 
Acetate  of  potadi. 

SALT  (DIURETIC).  Acetate  of  potash. 

SALT  (EPSOM).   Sulphate  of  magneaia. 

SALT  ^FEBRIFUGE)  or  SYLVIUS. 
Muriate  oi  potash. 

SALT  (FUSIBLE).  Fhoqihate  of  am- 
monia. 

SALT  (FUSIBLE)  of  URINE.  Tripb 
phosphate  of  soda  and  ammonia. 

SALT  (GLAUBER'S).  Sulphate  of 
soda. 

SALT  (GREEN).  In  the  mines  of 
Wiclizka  tne  workmen  give  this  name  to 
the  upper  stratum  of  native  salt,  which  is 
rendenid  impure  by  a  mixture  of  clay. 

SALT  (MARINE).    Moriate  of  soda. 

SALT  (MARINE  ARGILLACEOUS). 
Muriate  of  alumina. 

SALT  (MICROCOSMIC).  Triple  phos- 
phate of  soida  and  ammonia. 

SALT  (NITROUS  AMMONIACAL). 
Nitrate  of  ammonia. 

SALT  or  AMBER.    Succmic  add. 

SALT  op  BENZOIN.    Benzoic  acid« 

SALT  OF  CANAL.  Sulphate  of  mag. 
nesia. 

SALT  or  COLCOTHAR.  Sulphate  of 
iron. 

SALT  OF  EGRA.  Sulphate  of  mag- 
nesia. 

SALT  or  LEMONS  (ESSENTIAL). 
Superoxalttte  of  pota.^h. 

SALT  OF  SATURN.    Acetate  of  lead. 

SALT  OF  SEDLITZ.  Sulphate  of  mag. 
nesia. 

SALT  OF  SEIGNETTB.  Triple  tar- 
trate of  potash  and  soda. 

SALT  or  SODA.    Subcarhonate  of  soda. 

SALT  or  SORREL.  Superoxalate  of 
potash. 

Salt  or  tartar.  Subcarhonate  of 
potash. 

SALT  or  VITRIOL.  Purified  sulphate 
of  zmc. 

SALT  or  WISDOM.  A  compound  mu- 
riate of  mercury  and  ammonia.  See  Alex- 
broth. 

SALT(PERLATE).   Phosphate  of  soda. 

SALT  (POLYCHREST)  of  GLASER. 
Sulphate  of  potash. 

SALT  (SEDATIVE).    Boradc  add. 

SALT   (SPIRIT   OF).    Muriatic  acid 


WIS  fonnechr  csOed  by  dik 
still  retains  m  commerce.' 

SALT  (SULPeURBOUS)  of  STAHL. 
Sulphite  of  potash. 

SALT   (WONDERFUL).    SolpiMie  of 


SALT  (WONDERFUL  PBRI^ATE). 

Phosphate  of  soda. 
SALTPETRE.    Nitrate  of  i 
SAND.    Sandis  an 


SAND-BATH.    See  Bath. 

SANDARIC  GUM.    A  lean 
ishp-iriiite  tears,  posaesaing  a  oonsidcnble  dd- 
ffiee  of  transpaxency. 

SANDIVER,  orGLASS-GAUlib     Tlris 
is  a  saline  matter,,  whidi  rises  as 
the  pots  or  crucibles  in  which  i  ~ 

SANGUIFICATION.  That  praeess  of 
livuig  animals  by  which  chyle  is  coufeHed 
into  blood.  Ihid.  entertained  hiqpes  of  be- 
ing able  to  present  some  definite  facts  on  tNs 
myateriotts  subject,  but  have  been  diaappointed. 
The  latest  eaaay  on  aansniflcalum  is  Hiat  of 
Dr.  Prottt,  in  the  Aimids  of  FfaHoaopiiy  Ar 
A|>rfl,  1819. 

SAPPARB.    Ctavitb. 

SAPPHIRK  A  aub-apecieB  of  ihoD- 
boidal  corandum.  It  ia  the  Tderie  of  HaVy, 
and  the  petfect  cormndum  <i£  BaoamaD,  He 
oriental  ruby  and  topax  are  aapphirea. 

Colours  Uue  and  red ;  it  ocean  abo  gray, 
white,  green,  and  yellow.  It  oocma  in  blnm- 
edged  pieces,  in  roundish  pebblea,  and  ay»- 
taUized.  The  primitive  6gnie  ia  a  aligfatlv 
acute  rhombcnd,  or  dooUe  Uiree^aided  pyinmd, 
in  which  the  alternate  angles  are  S(^  4'  and 
QSoM^.  llie  following  are  (he  vsQalfbtiBS: 
— a  very  acute,  equiangular,  aiT^aidid  py- 
ramid ;  the  same  truncated  oo  die  amnmit  ; 
a  perfect  six-^ided  priam ;  an  acute,  double^ 
six-sided  pyramid;  the  same  acnmhiatH!,  or 
truncated  in  various  ways.  Splendent,  indiiied 
to  adamantine.  Cleavage  petaHel  widi  the 
terminal  planes  of  the  priam.  Fractore  coo. 
choidaL  From  transparent  to  transfaieeBt. 
Refracta  double.  After  diamond,  it  is  the 
hardest  substance  in  nature*  The  blue  lariety, 
or  sapphire,  is  harder  than  the  ruby.  Battl& 
Sp.  gr.  4  to  4*3.    Its  oonatituentB  aie^ 

Blttsw  Red. 

Alumina,  9SA  90.0 

Lime,  6.6  7-0 

Oxide  of  iron,  1.  1.S 

Loaa        IS 

lOaO  100.0 

Klapro^        Ckaeoije. 


Infiisible  before  the  blowpipe.  It 
electrical  by  nibbing,  and  retains  itt  dectii- 
dty  for  several  hours ;  but  doca  not  beeome 
electrical  by  heating.  It  occurs  in  aUufial 
soil,  in  the  vicinity  of  rocks  beiongfaig  to  thi 
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or  fliMti>tnp  fimiatloiif  md  im- 
bedded in  gneiss.  It  is  found  at  Podsedlits 
and  TVeUiti  in  Bohemia,  and  Hohenstein  In 
Saxony ;  Ezpailhr  in  France ;  and  particularly 
beautiful  in  the  Capelan  mountains,  12  days' 
journey  (nm  Sirian,  a  dty  of  Pegu.  Next 
to  diamond,  it  b  the  most  yaluable  of  the 
gema.  The  white  and  pale  Uue  Tariedes,  by 
exposure  to  heat,  become  snow-white,  and 
when  cut  exhibit  so  high  a  degree  of  lustre, 
that  they  are  used  in  place  of  diunond.  The 
moat  highly  prised  Tarieties  are  the  crimson 
and  eaxmine-red ;  these  are  the  oriental  ruby 
of  the  jeweller;  the  next  is  sapphire;  and 
h»t,  the  yeUow,  or  oriental  topaz.  The  atte^ 
rias,  or  star-stone,  is  a  very  beautiful  yariety, 
Sn  which  the  colour  is  generally  of  a  reddish- 
violet,  and  the  form  a  rhomboid,  with  trun- 
cated apices,  which  exhibit  an  opalescent 
Inatre.  A  sapphire  of  10  carats  weight  is 
ooDsidered  to  be  worth  fifty  guineas.— t^am^Mn. 
SAPHIRIN.  Hattyne. 
SARCOLITB.  Avarie^ofanalcime. 
SARDB,  or  SARDOIK,  a  variety  of 
camelian,  whidi  displays  on  its  surface  an 
agreeable  and  rich  reddish-brown  colour,  but 
appears  of  a  deep  blood-red  when  held  between 
the  eye  and  the  light 

SARDONYX.  Another  variety,  composed 
of  layers  of  white  and  red  camdiMi. 

SASSOLINE.  Nadve  bondc  acid.  It 
is  found  on  the  edges  of  hot  sprinos  near  Sasso, 
in  the  teiritory  &t  Plorenoe.  ft  eoosists  of 
boracic  acid  Sft,  fenuginous  sulphate  of  man- 
ganese 11,  sulphate  of  lime  S,^Klaproth. 

SATIN  SPAR.  Fibrous  limestone;  which 
see. 

SATURATION.  Some  substances  unite 
in  aU  propordons.  Such,  for  example,  are 
acida  in  general,  and  some  other  salts  with 
water;  anid  many  of  the  metals  with  each 
odier.  But  there  are  likewise  many  sub- 
stances which  cannot  be  dissolved  in  a  fluid, 
at  a  settled  temperature,  in  any  quantity  be- 
yond  a  certain  proportion.  Thus  water  will 
dissolve  only  about  one-third  of  its  weu;fat  of 
common  salt,  and,  if  more  be  added,  it  wfll 
remain  solid.  A  fluid,  which  holds  in  sdu- 
tiop  as  much  of  any  substance  as  it  can  dui- 
solve,  is  said  to  be*  saturated  widi  it  But 
saturation  with  one  substance  does  not  deprive 
the  fluid  of  its  power  of  acting  on  and  dfis- 
aolvmg  some  other  bodies,  and  in.many  cases 
it  increases  this  power.  For  example,  water 
saturated  with  salt  will  dissolve  susar ;  and 
water  saturated  with  carlwnic  add  will  dissolve 
iron,  though  without  this  addition  its  action 
on  this  ihnsl  is  scarcely  percentible. 

The  word  saturation  is  lixewise  used  in 
another  sense  by  diemists.  The  union  of  two 
principles  produces  a  hodv,  the  properties  of 
which  differ  from  those  of  its  component  parts, 
but  resemble  those  of  the  predominating  prin- 
ciple. When  tile  prindpln  are  in  8U<£  pro^ 
Potion  that  ndtfaer  predominates,  they  are 


said  to  be  Batanted  wltii  each  odier ;  biit  if 
otherwise,  the  most  predominant  prindple  ia 
said  to  be  subsaturated  or  undorsatuiated,  and 
the  other  supersaturated  or  oversatnrated. 

SAU8SURITB.  Colours  white,  gray,  and 
g^een,  massive,  disseminated,  and  in  rolled 
fiaces.  DuU  Fracture  splintery.  Faintiy 
translucent  on  the  edges.  Difficultiy  ftan. 
gible.  Hard,  scratching  quarts.  Meagre  to 
the  feeL  Sp.gr.  3.2.  It  melts  on  the  edges 
and  ang^St  Its  constituents  are,  silica  49, 
alumina  24,  Umeias,  magnesia  3.75,  natron 
ft.5,  iron  S^.^-Klaproth,  it  occurs  at  the 
foot  of  Mount  Rosa.  Professor  Jameson 
places  it  near  Andalusite. 

SCAL£S  OF  FISH  eonsist  of  alternate 
layers  of  membrane  and  phosphate  of  lime. 

SCALES  OF  SERPBKTS  are  composed 
of  a  homy  membrane,  without  the  calcareous 
phosphate. 

SCAMMONY  consiats  of      . 

•Resfa),  ^ 
Gum,  3 

Extnctrve,  8 

Vegetable  debrisl  «. 

andeanh        /  ^ 


Smyrna. 
29 
8 
6 
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100 


Vogel^  and  BouiOon  Lagrange. 

SGAPOLITE,  OB  PYRAMIDAL  FBL. 

SPAR.    Professor  Jameson  divides  it  into 

four  sub-species ;  radiated,  foliated,  compact 

red,  and  elaolite. 

1.  Radiated.  Colour  gray.  Massive,  in 
distinct  concretions  and  ovitalfized.  Primi- 
tive figure  a  pyramid  of  l»i>  38^  and  62**  58^. 
The  seoondsiy  forms  are,  A  rectangular  four- 
sided  piism,  acuminated  qr  truncated.  La- 
teral planes  deeply  longitudinally  streaked. 
Resinous,  pearly.  Cleavage  double;  Frac 
ture  fine  giained  uneven.  Translucent  As 
hard  as  apatite^  Easily  ftangible.  Sp.  j 
2.5  to  2.8.  Oreen  scapolite  becomes  wh 
before  the  Uowpipe,  and  melts  into  a  white 
glass.  Its  constituents  are,  silica  45,  alumina 
33,  lime  17-8,  natron  1.5,  potash  OU^  iron 
and  manganese  1. — Laugier,  It  occurs  in 
the  neighbouriiood  of  Arendal  in  Norway, 
associate  with  magnetic  ironstone,  felspar,  &e. 

2.  FcUated  sea^Hte.  Caburs  gray,  green, 
and  bhuik.  Maasive,  disseminated,  and  crya- 
talUzed  in  low  eight-sided  prisms,  flatiy  aco- 
mhiated  with  mat  planes.  Splendent,  vi- 
treous. Fracture  small  gnuned  uneven. 
Translucent  Streak  white.-  Britde.  Hard- 
ness and  sp.  gr.  as  preceding  spedes.  It  ia 
found  in  granular  granite  or  wMtettone^  in 
the  Saxon  EnegeUrge. 

3.  Cifmpact  tcapolUe.  Colour  red.  Crys- 
tallized in  long,  adcular,  four-sided  prisms, 
which  are  often  curved.  Glistening,  (hiaque. 
Hard  hi  a  low  degiee.  Basilv  frangibEs.  It 
occurs  with  the  o£en  in  metalliferous  beds  at 
ArendaL 


suJUJbiJ&ijiUJU.     lungftten. 

SCHIEFER  SPAR.    See  Slate  Spar. 

SCHILLER  SPAR.  This  spedes  con- 
tains  two  sub-species ;  bnnmte  and  coimzua| 
Schiller  spar.    SeeBaoKziTE. 

Conwum  tchiUer  spar.  Colour  olive-green. 
Disseminated,  and  in  granular  distinct  con. 
cretions.  Splendent  and  metallic-pearly* 
Cleavage  single.  Opaque.  Ssfler  thiui 
bronzite.  Strrak  greeni^-gray.  Easily  fran- 
gible. Sp.  gr.  2.882?  It  occurs  imbedded 
m  serpentine  in  Fedar  and  Unst  in  Shetland, 
and  at  Portsoy  in  Banfishire;  also  in  Skye, 
Fifeshire,  Calton-MU,  near  Dumbarton,  be- 
tween Ballantrae  a^d  Gbran  in  Ayrshire,  and 
in  Cornwall. 

Lahradore    schiUer  spar.     See    HypEB- 

STEtfE* 

SCHMELZSTEIN.    Dipyr& 

SCHORL  (COMMON).  A  sub-spe- 
cies of  rhomboidal  tourmaline.  Colour  vel- 
vet-black. Massive,  disseminated,  and  cijrs- 
tallized,  in  three,  six,  and  nine-sided  prisms. 
Crystals  acScular.  Lateral  planes  longitudi- 
naUy  streaked.  Between  shining  and  glis- 
tenii^.  Fracture  oonchoidal,  or  uneven. 
Opaque.  Streak  gray.  As  hard  as  quartz. 
Easily  frangible.  Sp.  gr.  3  to  3.3.  It  mdts 
into  a  bladdah  slag.  Its  constituents  are^ 
silica  36.7^,  alumina  34.5,  magnesia  0.25, 
oxide  of  iron  21,  potash  6,  and  a  trace  of 
manganese.— JTAiprofA.  It  exhibits  the  same 
electric  properties  as  tourmaline.  It  oocun 
imbedded  in  grai^  gneiss,  &c.  in  Peith* 
shire,  Banfishire,  Cornwall,  &c. 

SCHORL  (BLUE).  A  variety  of  Hadyne, 

SCHORL  (RED  AND  TITANITIC). 
RutOe. 

SCHORLITE,  or  SCHORLOUS  TO- 
]?AZ.  Pycnite  of  Werner.  Colour  straw* 
ydlow.  Massive,  composed  of  parallel  prisma* 
tic  concretions,  and  crystallized  in  long  six- 
sided  prisms.  Glistening,  resinous.  Fracture, 
small  conchoidal.  Translucent  on  the  edges* 
Neariy  as  hard  as  conunon  topaz.  Brittle. 
^  gr.  3.53.  Invisible.  Becomes  electric 
by  beating.  Its  constituents  are,  alumina  51, 
sOica  38.43,  fluoric  add  S,M.^Berzelms. 
It  occurs  at  Altenberg  in  Saxony,  in  a  rock 
of  quartz  and  mica  in  porphyry. 
.  SCILLITIN.  A  white  transparent,  acrid 
substance,  extracted  firom  squills,  by  VogeL 
.  SELENIUM.  A  new  elementary  body, 
extracted  bv  M.  Berzelius  from  the  pyrites  of 
Fahlun,  wfdch,  from  its  chemical  properties, 
he  places  between  sulphur  and  tellurium, 
though  it  has  more  properties  in  common  with 
the  former  than  with  the  latter  substance.  It 
was  obtained  in  exceedingly  small  quantity 
from  a  large  portion  of  pyrites.  For  the  mode 
of  extraction  I  must  refer  to  his  long  and  ela- 
borate papers,  translated  from  the  Annalcs  dc 


Professor  Stromeyer  has  lately  diaoovered 
selenium  under  two  difoent  forma,  one  of 
which  is  altogether  new.  On  dilnting  sodk 
fuming  sn^huzic  add,  sudi  as  is  made  at 
Nordhanien  from  the  sulphate  of  in»,  he  <^ 
served  that  a  solid  matter  separated,  wlikli  oo 
examination  proved  to  be  selenimiL  One 
pound  'of  the  add  gave  on  dihition  about  ooe 
grain  of  selenium.  Tlie  second  somce  d 
selenium  is  in  the  volcanic  prodnctions  of  the 
Lipari  islands,  among  which  Profiessor  Stro- 
meyer has  lately  discovered  a  native  solphaict 
of  selenium.  Sdenium  has  also  been  detected 
in  die  Anglesea  pyrites.  The  aalphmkacid 
made  from  it  having  been  used  in  makii^ 
muriatic  add,  the  selcninm  is  seen  to  dudJ 
over  into  the  reodvera,  in  Uie  courae  of  two  of 
three  days  fidling  down  as  a  reddish  brmm 
substance.  A  portion  of  this  selomim,  tested 
by  Mr.  Children,  gave  when  heated  on  pU- 
tinum  foil  by  a  spirit  lamp,  an  a»iie4)iue 
tinge  to  the  flame.  The  smell  of  baneucadiili 
was  perceptible,  when  the sabstaoce  wasbeated 
in  a  glass  tube.  In  thin  lapmue  it  was  trans, 
parent,  and  of  a  beautiful  ciimabar  red  eoloor. 
— ^ftfuOr  ofPhxL  N.  S.  ix.  52. 

When  selenium,  after  being  fused,  beooDes 
solid,  its  surface  assumes  a  metaDxcbzillisoqr 
of  a  very  deep  brown  colour,  leaembling  po- 
lished hiematites.  Its  fracture  Is  ooodwid&U 
vitreous,  of  the  colour  of  lead,  and  perfbcdy 
metallic*  The  powder  of  sdenium  has  a  deep 
red  colour,  but  it  sticks  together  readi^  wh^ 
pounded,  and  then  assnmfs  a  gray  ooloor  and 
a  smooth  surface,  as  happens  to  antimony  and 
bismuth.  In  very  thin  coats,  acimhim  is 
transparent,  with  a  ruby-red  coloot.  When 
heated  it  softens ;  and  at  212^  it  is  semi  liquid, 
and  melu  oompletdy  at  a  temperature  a  few 
degrees  higher.  During  its  ooolixw  it  retains 
for  a  long  time  a  soft  and  semi-ftaid  stat«. 
Like  Spuiish  wax,  it  may  be  kneaded  be- 
tween  me  fingers,  and  drawn  oat  into  long 
threads,  which  have  a  great  deal  of  dasddtr, 
and  in  which  we  easily  percdve  the  transpa- 
rency, when  they  are  flat  and  Uiin.  These 
threads,  viewed  l^  transmitted  light,  an  red; 
but,  by  reflected  light,  tbq^  ore  gi^f  and 
have  the  metsIHc  lustre. 

When  selenium  is  heated  in  a  rclort,  it 
bcttins  to  Ixnl  at  a  tempemture  bdow  that  oft 
red  heat.  It  assumes  the  form  of  a  da^  jtL 
low  vapour,  which,  however,  is  not  so  intease 
as  that  of  the  vapour  of  sulphur ;  but  it  is 
more  intense  than  chlorine  gas.  llie  vapi^ 
condenses  in  the  nedc  of  the  retort,  and  fonia 
black  drops,  whidi  unite  into  larger  drops,  si 
in  the  distillation  of  mercury. 

If  we  heat  selenium  in  the  air,  or  in  vesscb 
so  large  that  the  vapour  may  be  oondensed  b} 
the  cold  air>  a  red  smoke  it  fonned,  which  ^ 


the  same  drcumstanoes.  The  character£rtic 
tmeU  of  horse-radish  is  not  peroetYed,  till  the 
heat  becomes  great  enough  to  occasion  oxida- 
tion. 

Sdenium  is  not  a  good  conductor  of  heat 
We  can  easily  hold  it  between  the  fingers, 
and  melt  it  at  the  distance  of  one  or  two  fines 
from  the  fingers,  without  perceiving  that  It 
becomes  hot.  It  is  also  a  non-conductor  of 
electricity.  On  the  other  hand,  M.  Berzelius 
was  not  able  to  render  it  electric  by  friction* 
It  ia  not  hard ;  the  knife  scratches  it  easily. 
It  is  brittle  like  glass,  and  is  easily  reduced  to 
powder.    Its  sp.  gr.  is  between  4.3  and  4«32. 

The  affinity  of  selenium  for  OTygsn  is  not 
very  great  If  we  heat  it  in  the  air,  without 
touching  it  with  a  burning  body,  it  is  usually 
volatili^  without  alteration;  but  if  it  is 
touched  by  flame,  its  edges  assume  a  fine 
sky.blue  colour,  and  it  is  volatilised  with  a 
strong  smell  of  horse-radish.  The  odonms 
substance  is  a  gaseoua  oxide  of  selenium, 
which,  however,  has  not  been  obtained  in  an 
insulated  state,  but  only  mixed  with  atmo- 
spherical  air.  If  we  heat  selenium  in  a  dose 
phial  filled  with  common  air,  till  the  greatest 
part  of  it  is  evaporated,  the  air  of  the  phial 
acquues  the  odour  of  oxide  of  selenium  in  a 
veiy  high  degree.  If  we  wash  the  air  with 
pure  water,  the  liquid  acquires  the  odour  of 
the  gas ;  but  as  there  are  always  formed  traces 
of  selenic  add,  this  water  acquires  the  pro- 
perty of  reddening  litmus  pa]^  feebly,  and 
of  becomhig  muddy  when  nuxed  wiUi  sul- 
phuretted hydrogen  gas.  Selenic  oxide  gas  is 
but  very  little  stable  in  water,  and  does  not 
communicate  any  taste  to  it 

If  we  heat  selenium  in  a  large  flask  filled 
with  oxygen  gas,  it  evaporates  without  com- 
bustion, and  the  gas  assumes  the  odour  of 
selenic  oxide,  just  as  would  have  happened 
if  the  subliniation  had  taken  place  in  com- 
mon air;  but  if  we  heat  the  selenium  in  a 
gbss  baU  of  an  inch  diameter,  in  which  it 
has  not  room  to  volatilize  and  disperse;  and 
if  we  allow  a  current  of  oxygen  gas  to  pass 
through  this  ball,  the  selenium  takes  fire,  just 
when  it  bqpns  to  boil,  and  bums  with  a  fee- 
ble flame,  white  towards  the  base,  but  green 
or  greenish-blue  at  the  sunmut,  or  towards 
the  upper  edge.  The  oxygen  gas  is  absorbed, 
and  selenic  acid  is  sublimed  into  the  cold  parts 
of  the  apparatus.  The  selenium  is  completely 
consumed  without  any  residue.  The  excess 
of  oxygen  gas  usually  assumes  the  odour  <^ 
selenic  oxi&.  Sdenic  acid  is  in  the  form  of 
very  long  four-sided  needles.  It  seems  to  be 
most  readily  formed  by  the  action  of  nitro- 
muiiatic  add  on  selenium.  The  sdenic  add 
does  not  melt  with  heat;  but  it  dinunishes  a 
little  in  bulk  at  the  hottest  place,  and  then 


It  has apure add  taste,  which  Ic 
burning  sensation  on  die  tongu 
soluble  in  cold  water,  and  dine 
every  proporttoD  in  boiling  wa 
idliu  mnn  the  oompositian  oi 
from  several  experiments,  to  be, 
Selenium,  71-201  100-00 
OxvM,     28*739        4033' 

IiintQ  •  solution  of  selenic  ac 
add,  we  introduce  a  piece  of  sine 
iron,   the  metal   loomediately 
odour  of  copper,  and  tiie  sdeni 
aUy  predpitated  in  the  Ibrm  of  r 
or  blackish  flocks,  according  as 
tuie  is  more  or  less  elevated.    VS 
of  potash  is  heated  with  muriate 
sdenium  is  obtained  by  the  deo 
perty  of  the  ammonia ;  but  Id 
always  lose  a  small  quantity  ( 
which  comes  over  with  the  wate 
of  an  add.    If  we  pour  dilute  i 
on  the  compound  of  wlenium  ai 
^Bssolved  in  water,  sdeniuretted  1 
is  evolved.    Water  impregnated 
dpitatesall  the  metallic  solutiom 
ox  iron  and  zinc,  when  they  are  n 
phur,  phosphorus,  the  ear&s,  anc 
ocHXLbine  with  selenium,  forming 
Selenic  add  neutralizes  the  bases, 
has  been  recently  found  in  two  mi 
ik  from  Skrickerum,  in  the  parish  c 
in  Smoland. 

HI.  Henij  Rose  of  Berlin  has 
Hshed  an  mteresting.  nicmour  on 
sdeniurets,  found  in  the  Oriental 
seminated  in  mag^esian  limest 
veins  of  iron  that  traverse  argillac 
He  converted  all  the  metals  ( 
chlorides,  bypassing  chlorine  ovi 
verized  ore  for  half  a  day,  and  se 
chloride  of  selenium  by  means  < 
tility. 

1.  Sekniuret  of  lead.  This  wa 
frequent  It  consists  of  two  atoms  < 
to  one  of  lead ;  consisting  of  27'', 
+  72-3  lead. 

2.  Sekniuret  qflead  and  cobaU, 
tuentsare. 

Lead, 

Cobalt,      . 
Sdenium, 

a    :         _ 

10(    I 

3.  Sekniuret  of  kad  and  copper.  I 
mineral  there  were  two  varieties  coi  i 
follows : 
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Inmwitih 

Iiead, 

Jnoy 


Ui 

of  the 
I—, 


29-96 

ofkad,    (M4 

69-67 

0-33 

7-86 

|l4WfUm 

0-74 


34-26 

208 

47-43 

15-45 
1-29 


100-00  100-51 

4.  SeUnHmrtt qfkad and mercurf^^watuDa 
Sdenium,  24-01 

Lead,  .        .        654)4 

Mercury,        •        •        16-94 
LoM,     •        .  2-25 

1004)0 
.-^fift.  de  ChinLy  JoH.  US. 

SCORZA.    A  vuiiety  of  epidote. 

S£A  FROTH.    Meert^wwm, 

SEA  SALT.  Muriate  of  soda.  See  Acid 
(Muriatic),  and  Salt. 

SEA  SALT  (RSGENERATEP).  Ma. 
liate  of  potaab. 

SEA  WAX.  Maltha,  a  white,  solid,  tal- 
lowy-looking  fusible  substance,  sdluble  in 
alcohol,  fbunid  on  the  Baikal  Lake  in  Siberia. 

SEBACIC  ACID.  See  AclD  fSEBACic). 

SEBAT.  A  neatxal  oompoond  of  sdiadc 
add  with  a  base. 

SEDATIVE  SALT.    Bondcadd. 

SEL  DE  SEIGNETTE.  The  triple 
tartrate  of  potash  and  soda,  or  Rodielle  salt. 
See  Acid  (Tartabic). 

SELENITfl.    Sparrr  gypsum. 

SBMIOPAL.    fiwOPAi.. 

SEPT  ARIA,  or  tudi  hehtont^  are  sphe- 
loidal  concretions,  thai  vary  from  a  few  inches 
to  a  foot  in  diameter.  When  broken  in  a 
lonffitudinal  direction^  we  observe  the  interior 
of  &  mass  intersected  by  a  number  of  fissures, 
by  which  it  is  divided  into  more  or  less  regu- 
lar prisms,  of  from  3  to  6  or  more  sides,  the 
fissures  bdng  sometimes  empty,  but  ofiener 
filled  up  with  another  substance,  whidi  is  ge- 
nerally calcareous  spar.  The  body  of  tlie  oon« 
creticm  is  a  ferruginoas  maile.  From  these 
septaria  are  manufactured  that  excellent 
material  forbuilding  under  water,  known  by  the 
nameof  Bvker's  or  Roman  cement.— Jajn^jofi. 

SEROSITY.    See  Blood. 

SERPENTINE ;  common,  and  predous. 

1.  Common.  Colour  green,  of  various 
shades-  Massive.  DulL  Fracture  small 
and  fine  splintery.  Tiansluoent  on  the  edges. 
Soft,  and  scratched  by  calcareous  spar.  Sec. 
tile.  Difficuldy  frangible.  Feels  somewhat 
greasy.  Sp.  gr.  2-4  to  2-6.  Some  varieties 
are  magnetic.  Its  constituents  are,  silica 
32,  magnesia  37-24,  alumina  0*5,  lime  10*6, 
iron  0'66,  volatile  matter  and  carbonic  add 
14- 16 — Hitinger.  John  and  Rose  give  10-5 
of  water  in  it  It  occurs  in  various  moun- 
tains. It  is  found  in  Unst  and  Fetlar  in 
Shetland;    at  Portsoy;   between   Balhutrae 


aadGirviD;  inComwidl;  andln  tiieeoiiBty 
of  DonegaL 

2*  Predoui  terpenHne,  Of  llib  €bao  are 
two  kinds,  the  spUntenr  and  conrhnidal. 

0.  SpBmUry.  Colour  dark  ledr-^rem. 
Massive.  Feebly  gUmmoni^.  Fraetme 
coarse  tplinterv.  FeeUr  tianslaeeDL  SoA. 
Sp.  gr.  8-7*  It  occurs  m  Corsiea,  and  is  cot 
into  snuff-boxes,  &e. 

5.  ConchoidaL  Colour  leeL^reen.  Massive 
and  disseminated.  Glislening,  lenioiia.  FVac- 
ture  fiat  oondioidaL  Trsnunoent.  SemOunL 
Sp.  gr.  2-6.  Its  oonstituents  are,  aiiiea  4Mv 
nui|^esia  38*63,  lime  0-25,  ahimina  I,  cndde 
of  iron  1>5,  oxide  of  manganese  0-62,  oside 
of  chrome  0-25,  water  15-2.— i/oA«.  Itooam 
with  foliated  granular  limestone  in  beds  ssb- 
ordinate  to  gneiss,  mica-slate,  &c.  It  ii 
found  at  Portsoy,  in  Banflshfre;  in  the  Shet- 
land  Islands,  and  in  the  Island  of  Heiyfaead. 
It  lecdves  a  fiher  polish  than  oonrnmn  ser- 
pentine. 

SERUM.    See  Blood  and  MiLx. 

SHALE.  Slale-day  and  bitamSnoos  alato- 
day. 

SHELLS.  Mariine  shells  may  be  divided, 
as  Mr.  Hatchett  observes,  into  two  kinds  i 
those  that  have  a  porcellanons  aspect,  wldi 
an  enamdied  surftoe,  and  when  bndbenaie 
often  in  a  slight  degree  of  a  fibrooa  textare; 
and  those  that  have  generally,  if  not  always, 
a  strong  epidermis,  under  whkh  is  the  sheD, 
prind|M]ly  or  entirdy  composed  of  tiie  sab- 
stance  called  nacre,  or  mothcr-of-peari. 

"Hie  porodlanous  shells  appear  to  oaaslst  of 
carbonate  of  lime,  cemented  by  a  very  smaD 
portion  of  animal  gluten.  This  animal  ^stea 
u  more  abundant  in  some,  however,  as  m  die 
patdlsB. 

The  mother-of-pearl  shdls  are  composed 
of  the  same  substances.  They  diffir,  now. 
ever,  in  their  structure,  which  is  tempRwr, 
the  gluten  forming  their  memlvanes,  r^gu* 
larly  alternating  with  strata  of  carbonate  of 
lime.  In  diese  two  the  gluten  is  mudi  mots 
abundant 

Mr.  Hatdiett  made  a  iew  experiments  on 
land  shells  abo,  whidi  did  not  exhibit  any 
difierenoes.  But  the  shdls  of  the  crustaceoos 
animals  he  found  to  ccmtainmore  or  less  phos- 
phate of  lime,  thouffh  not  equal  in  ouantity 
to  the  carbonate,  and  hence  approaching  ts 
the  nature  of  bone.  Linnaens  tiierefioe,  be 
observes,  was  right  in  oonsidaing  theeovoing 
of  the  echini  as  crustaoeous,  for  it  contains 
phosphate  of  lime.  In  the  covering  of  some 
of  the  spedes  of  asterias,  too,  a  litde  phos- 
phate  of  lime  occurs ;  but  in  that  of  othen 
there  is  none.     PhU^  Trant* 

SHISTUS  (ARaiLLACEOUS).  Cby. 
date. 

SIBERITE.    Red  tourmaline. 

SIDERO-CALCITE.    Brown  apar. 

SIDERUM.  Bergmann's  name  for  phos- 
phuret  of  iron. 
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SISraTE  OB  BTENITB.  Acomponnd 
gianular  affgiegaled  rock,  composed  of  Idspw 
and  hoRiblaide,  and  sometime  quarts  and 
black  mica.  The  hombkode  is  the  charao> 
Unatlc  ingrediflnt,  and  distiiigaishes  it  per. 
fecdy  ftom  granite,  with  fridch  it  is  often  coo- 
founded;  butihe  fdapac,  which  ia  ahnoit 
always  red,  and  oeldom  iodines  to  green, 
forms  the  most  abundant  and  essential  ingre- 
diant  of  the  roefc.  Some  vaiieties  contain 
a  vcxj  csonsideeaUe  portion  ofquartt  and  mica, 
but  little  hornblende.  This  ia  particularly  the 
casB  with  the  Egyptian  variedes,  and  henoe 
these  are  often  confounded  with  real  granit& 

As  it  has  many  points  of  agreement  with 
gyeenatone^  it  ia  necessaiy  to  compare  tiiem 
together.  In  greenstone,  tlie  hornblende  ia 
usually  the  predominating  ingredient;  in  sie- 
nite,  on  the  contrary,  it  is  the  fdspac  that  pre- 
dominates. In  greenstone,  the  felq[Mviaahnost 
always  green,  or  greenish ;  hen,  on  the  con- 
trary, it  is  as  constantly  red,  or  reddish. 
Quarts  and  mica  are  very  raze  in  greenstone, 
and  in  inconsidenble  quantity ;  wlietcas  th^ 
axe  rather  fieqnent  in  sienite.  Lastly^  green* 
stone  oommonly  contains  iron  pyrites,  which 
never  ooeurs  in  sienite. 

It  has  eitlier  a  simple  granular  base,  or  it 
is  granular  poiphyritic;  and  then  it  is  deno- 
minated pOEpbyritic  sienile.  When  the  parts 
of  the  granular  bate  are  so  minute  as  to  be 
distinpnahed  with  difficulty,  and  it  contains 
imbedded  in  it  Urge  crystals  of  felqiar,  the 
rock  ia  termed  sienite-porphyry.  Itiasome* 
times  unstratified,  sometimes  tot  distinctly 
stratified.  It  sometimea  diows  a  tendency 
to  the  columnar  scructuKi  It  oontaina  no 
foreign  beds.  It  occurs  in  luconfoonable 
and  overlyine  stratification,  over  granite, 
gneiss,  mica-sJate,  and  day-date,  and  la  pret- 
tf  continnous,  and  covers  most  of  the  primi- 
uve  rocks.  It  is  equally  metalliiboua  with 
poqihyi;y.  In  theidand  of  Cyprus,  it  aflRndi 
much  copper;  many  of  tlie  important  silver 
and  gold  mines  in  Hungair  are  situated  in  it. 
The  denite  of  the  forest  of  Thuringia  affi^rda 
iron.  In  this  country,  there  is  a  fine  example 
of  sienite  in  Galloway,  wliere  it  forms  a  con* 
tidsiaUe  portion  of  die  hill  ceiled  Criffle.  On 
the  continent,  it  occurs  in  the  electorate  of 
Saxony ;  and  in  Upper  Egypt,  at  the  dty  of 
Syena,  in  Thebaid,  at  the  cataracts  of  the 
Nile,  whence  it  derives  its  name.  The  1SU>~ 
mans  brought  it  fiom  that  place  to  Bome^ 
for  ardiitectural  and  statuary  purposes.^ 


SILICA.  One  of  the  primitive  earths, 
which  in  consequence  of  Sir  H.  Davy's  re- 
searches on  the  metallic  bases  of  the  alkalis 
and  earths,  has  been  recently  regarded  as  a 
compound  of  a  peculiar  combuatible  prindple 
with  oxygen.  If  we  ignite  powdered  quartz 
with  three  parts  of  pure  potash  in  a  silver 
crucible,  dissolve  the  rased  compound  in  water, 
add  tt>  the  solution  a  Quantity  of  add,  equi- 
vdent  to  satuiate  the  alkali,  and  evapomte  to 


diynesa,  we  dudl  obtain  a  fine  gdtty  powdery 
which  being  well  washed  with  hot  water,  and 
ignited,  will  leave  pure  dlica.  Bjr  passing 
me  v^our  of  potasdum  over  siliea  in  an  ig. 
nited  tube.  Sir  H.  Davy  obtained  a  dark- 
colouied  powder,  which  apparently  contamed 
dlioon,  or  silidnm,  the  basis  of  the  earth. 
Like  boron  and  cadx»,  it  is  capable  of  sus- 
taining a  \A^  temperature  witlumt  suffering 
any  change.  Aqueous  potaah  seems  to  form 
with  it  an  olive-colourea  solution.  But  as 
this  bads  is  decomposed  by  water,  it  was  not 
posdble  to  wash  away  the  potash  by  this 
liquid.  Berzelius  and  Strom^er  tried  to  form 
an  alloy  of  silicon  or  dlidnm  with  iron,  by 
exposing  to  the  strangest  heat  of  a  blastfur- 
nace, a  mixture  of  Sisee  parts  of  iron,  1*5 
silica,  and  0-66  charooi4.  It  was  m  the  state 
of  fused  globules.  These  fteed  ftom  the 
dutrooal- were  white  and  ductile,  and  their 
solution  in  muriatic  add  evolved  more  hydro- 
gen than  an  eoual  weigiit  of  iron.  The  sn. 
gravity  of  the  alloy  was  nam  0-1  to  ^'^  whue 
that  of  the  iron  used  was  7-8285.  From  Mr. 
Mushet's  experiments,  however,  as  wdl  as 
from  the  constitution  of  plumbago,  we  know 
that  carbon  will  combine  with  iron  in  very 
considerable  proportions*  and  that  in  certain 
quantities  it  can  sive  it  a  whitish  colour  and 
inferior  density.  Nothing  absoltttely  definitive 
thereforecan  be  inibred  from  theaeexperimenta. 
See  laow. 

JUL.  Beneliua  baa  latdy  obtained  pure  sili. 
dum  by  the  combustion  of  potasdum  in 
dlicated  fluoric  gas;  as  also  by  the  action  of 
potasdum  on  the  double  fiuate  of  silica  and 
notash,  or  of  silica  and  soda.  The  latter  salt 
having  the  advantage  of  containing  a  greater 
quanaty  of  fiuate  of  aOica,  under  the  same 
weight  and  bulk,  deserves  the  preferences 
The  salt  is  eadly  prepared  by  saturating 
aqueous  dlicated  fluoric  add  with  carbonate 
of  soda,  when  the  very  sparingly  double  salt 
predpitates,  which  is  to  be  wadied  and  dried, 
at  a  temperature  considembly  above  212^  F. 
This  dry  matter  in  fine  powder  is  to  be  stra- 
tified, with  thin  slices  of  potasdum,  in  a  glass 
tube  sealed  at  the  end,  which  is  to  be  uni- 
formly heated  at  once  with  a  spirit  flame. 
Even  before  ignition,  the  silidum  is  reduced 
with  a  slight  l^ssing  sound,  and  some  appear- 
anoeof  httt.  No oaa  ia  disengaged  when  the 
salt  has  been  well  mied.  The  mass  is  aUowed 
to  cooL  It  is  hard,  agglutinated,  porous,  of 
a  deep  brown  colour,  which  does  not  alter  in 
the  air,  merdy  exhaling  the  smell  of  hydro- 
gen, as  manganese  does,  when  pressed  between 
Sie  fingers,  or  breathed  upon.  It  is  to  be 
washed  widi  water  in  successive  quantities  to 
remove  the  fiuate  of  notash  that  ia  formed. 
Some  gas  is  disengaged,  but  this  soon  ceases, 
and  though  the  water  be  raised  to  ebullitioo, 
the  brown  powder  does  not  decompose  it.  The 
solution  obtained  by  ebullition  being  very 
add,  the  substance  is  to  be  boiled  with  new 
portions  of  water  till  the  liquid  manifests  no 
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^gii9oftddlt|fyiifaeQltiitobe  pMMdtiiRNig^ 
a  filter.  The  powder,  being  dzied,  Is  of  m 
ehetltiut  btcwn  (miDon)  colour,  oontiSniiig 
▼fsibly  beterogeDeous  pointi  of  a  brighter  hue. 

The  flnt  (A  Ae  above  wathiogs  should  be 
with  a  large  quantity  of  water,  so'  that  the 
Uqnid  which  becomes  alkaline  by  the  oaridixa- 
ment  of  the  potaarfum  may  be  so  dilute  as  to 
hare  no  tendency  to  oxidise  the  iBicium  and 
to  dissolf  e  it  For  this  reason,  the  mass  most 
not  be  treated  wiA  hot  water  till  all  the  al- 
kalinity  be  removed.  It  is  theresAer  to  be 
tteaied  widi  boiling  water,  till  a  drop  of  this 
leaves  no  stain  on  evapontion.  This  process 
requires  much  time  ami  a  laige  body  of  water. 

SUuium^  obtafaied  bjr  tiiis  process,  contains 
iome  hydroflen,  bnt  iB  \xm  quantity,  and  pro- 
baUr  m  the  same  way  as  the  duofooal  of 
wood,  which  Sir  H.  Davy  regards  as  hydro- 
geoated  carbon.  It  contains,  besides,  some 
sQiea,  which  pioceeds  from  a  small  portion  of 
the  jKrtasshim  getting  oxidized  at  first,  and  in 
this  state  separating  a  little  silica  from  the 
double  salt  The  hydrogenated  silidum  is  to 
be  heated  for  some  time  almost  to  redness  b 
an  open  crucible,  then  it  is  finally  to  be  ig- 
nited. Should  the  sOidum  offer  to  take  ftn, 
the  crudble  is  to  be  instantly  covered,  and  the 
heat  lowered,  which  will  immediately  stop  the 
inflammation.  After  this  calcination,  the  sili- 
dum  u  incombustible  in  the  air,  and  may  be 
washed  from  its  adhering  silica  by  pure  liquid 
fiuoric  add,  taktog  care  that  no  iron  or  man- 
ganese is  present ;  for  the  alloy  thence  result- 
ing wonla  diftolve  entirely  with  disengagei. 
ment  of  hydrogeiu  After  l>dng  treated  with 
this  add,  tlie  silidum  is  to  be  washed  and 
dried. 

Obtained  in  this  way,  silidum  has  a  deep 
nnt-brown  colour,  but  not  the  least  metallic 
lustre.  When  rubbed  with  a  steel  burnisher 
it  presents  no  trace  Of  brilliancy,  opposing  a 
resuitanoe  to  friction,  like  an  earthy  substance. 
It  is  incombustible  in  the  atmospheric  air, 
and  in  oxygen  gas.  It  suffers  no  diange  in 
the  flame  of  the  blowpipe,  apparently  belong- 
ing to  the  most  innisible  class  of  bodies. 
These  properties  appear  at  variance  widx  wliat 
takes  place  with  the  silidum  hnmediatdy  after 
its  reduction  by  potassium,  for  it  readily  bums. 
M.  BerzeliuB  ascribes  tiiis  difference  to  the 
presence  of  hydrogen  in  the  latter  substance, 
wbich  may  be  regioded  as  a  HOciHret  of  pOm 
tastium  at  first,  and  after  rimple  washing  a 
hydruret  oftUicitm,  Ignition,  wdl  regulated, 
expels  the  hydrogen,  without  setting  the  com- 
pound on  fire ;  biit  if  hastily  induced,  the  hy- 
drogeo  kindles  the  silidum,  which  then  be- 
eomes  covered  with  a  coat  of  silica.  The  con- 
densation whidi  the  silidum  undergoes  by  ig- 
nition, is  the  cause  of  its  becoming  insolubfe 
in  fiuoric  acid. 

Silicium  stains  and  sticks  strongly,  even 
when  dry,  to  the  glws  yctusch  in  which  it  is 
kept. 


does  Tiot  coadoct  eiectileity ,  After 
Its  Iga^ition)  it  is  not  affected  hy  ^^'^•*^*r  ci 
p&t&y  even  at  a  red  heat ;  nor  by  nitre;  tiB 
uie  tenperatnre  have  l**^'*!!^  Ugih  c&ongfa  to 
decompose  the  nitric  add,  and  to  aHov  ±t 
affinity  ofitsalkalinebaae  to  act.  Atawinte 
heat,  nitre  attaeks  it  vkdenilT. 

Willi  carbouate  of  pofawii  Misriw  bum 
Teiy  readily  widi  a  lively  flame.  Gaseocs 
oxide  of  carbon  ii  diset^agedj  and  d!ie  mass 
bfacxens  from  intomixture  wiui  cbaxcoal-  By 
taking  a  snudl  proportion  of  carbonate  of  pot- 
adi,  or  of  soda,  as  one  half  tbe  bulk  of  ibe 
silidum,  the  inflammation  takea  place  modk 
bdow  ignitian.  With  larger  proportions  of 
the  carbonate,  the  mass  sweDa  up  fiom  the 
development  of  me  gaseows  oxide  of  ciubuo, 
takes  fire,  and  bums  widi  a  bine  flaiub  Widi 
a  still  greater  proportion  there  ia  no  a^n  of 
combustion ;  the  mass  does  not  bhchen,  but 
merely  exhales  the  above  gaseooa  oxide. 

If  the  incombustible  sOidnm  be  heirted  to 
moderate  redness  on  platinum  foil  with  nitre; 
no  eflfect  ensues ;  bnt  If  a  bit  of  dij  caxliooate 
of  soda  be  made  to  toadi  tte  nlidom,  a  de- 
tonation win  take  pboe  at  te  expcnae  of  Ae 
carbonate,  and  the  man  wHl  retain  for  some 
time  its  bladt  oolonr. 

Silidum  explodes  with  fivehr  fncandeaccnee 
widi  the  hydrated  fixed  alkalk  at  their  mdf - 
ing  temperature,  mudi  bdow  a  red  beaL 
Hydrogen  is  disengaged,  wliidi  bums  visibly 
when  the  bulk  of  the  materials  is  not  too 
flmalL  The  same  phenomenon  takes  place 
with  hydrate  of  barytes.  Widi  add  flnate  of 
potash,  silidum  explodes  at  the  mdtxng  poim 
of  the  salt,  wiiich  is  fkr  under  ignitkm.  It 
is  n<yt  altered  by  borax  in  a  state  of  fusion. 

Silidum,  heated  to  distinct  redness  ia  the 
'vapoUr  of  sulphur,  takes  fire  and  bums,  bat 
much  less  vividly  than  in  oxygen;  but  die 
combination  win  not  take  plan  widi  the  in- 
combustible dHdum.  In  moist  air,  snlnhoret 
of  dlidum  diffuses  a  strong  smdl  of  sulphur, 
etted  hydrogen,  and  speedily  loses  aU  iis  sul- 
phur ;  but  m  dry  air  it  may  be  preserved  for 
a  long  time.  At  a  red  beat,  it  is  roasted, 
affinding  sulphurous  add  and  silica. 

Siliduret  of  potiassium  combines  resdOy  at 
a  red  heat  with  sulphur,  constituting  a  true 
double  sulphuret  m  a  deep  brown  or  bhdc 
colour. 

Simple  sulphuret  of  dHdum,  when  ihiown 
into  Water,  dissolves  hnmediatdy,  with  dis- 
engagement of  sulphuretted  hydrogen.  The 
silidum  changes  into  nlica,  whidi  c&sdvei 
in  the  water,  and  if  this  be  in  smaU  quandty, 
such  a  coboentnited  sdlntion  may  be  obtained 
as  to  gelatinise  after  a  slight  evaporation,  snd 
to  leave  dlica,  after  diy^.  In  a  tzaBspareot 
cracked  mass.  It  is  rernvkaUe  to  see  silics 
dissolve  in  such  a  large  proportion  in  water, 
at  the  bistant  ofits  formation,  and  to  lose  this 
property  by  evaporation  to  such  a  degree  as  lo 
become  inraluble  in  acids.      This  adobili^ 
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uMiy  oidalii  the  origin  of  the  cryBtalllBitioiis 
of  silica  in  dnuy  cavitieB,  wbidim  many  caBei 
conld  not  cootain  a  ^ume  d  liquid  appie- 
ciably  laiger  than  that  of  the  oyiitalB  them- 
selves. 

M •  Bendliia  did  not  tocceed  in  oombining 
silicium  with  nhotphonUk 

IfVl^eii  aaioam  is  heated  in  a  cniieDt  of 
cfal<irine»  It  takes  fire,  and  oontinuea  to  bum. 
If  the  gas  contain  tome  atmospheric  air,  riUca 
xemaiiu  in  a  slender  skeleton  ionn.  SUidttm 
bums  equally  weU  in  chlorine,  whether  or  not 
it  had  prerunisly  been  deprived  of  its  com- 
bustibility in  air.  The  product  coi^enses  into 
a  liquid,  which  is  yellowish  with  excess  of 
chlorine,  but  coUmrless  when  this  is  expelled. 
This  liquid  fa  very  flnid;  it  evapotatesahnost 
instantaneously  in  te  open  afr,  affiiiding  white 
▼apoon,  and  leavinga  Utile  dlica.  It  has  a 
very  penetesting  odour,  iriiich  may  be  oom- 
paied  to  that  of  cyanogen.  Thrown  into  water, 
it  floats,  then  dissolves  in  it,  and  leaves  some 
sUlca. 

When  aQidum  is  heated  in  vapour  of  po- 
tassium, it  takes  iiie,  producing  a  compound 
of  silicium  and  potassium.  The  iodide  of  po- 
tassium does  not  unite  with  silichun. 

Silicium  is  ndtlier  dissolved  nor  acted  upon 
by  the  sulphuric,  nitric,  and  muriatic  sckls, 
nor  even  by  the  niizo-muriatic.  But  it  dis- 
solves rapidly  even  in  the  cold,  hi  a  mixture 
of  nitric  and  fluoric  add,  with  disengagement 
of  nitrous  gas.  Combustible  silidum  dissolves 
on  digestion  in  water  of  caustic  potash ;  but 
in  its  incombustible  state  it  fa  not  sflfected  by 
the  alkaUs  in  the  moist  way. 

Silidum,  once  insulated,  combines  very  re- 
luctantly with  the  metals.  Its  remarkable 
affinity  for  platinum  is  knowp,  from  the  ex- 
periments of  M.  Boossingault ;  but  it  may  be 
heated  as  often  and  as  long  as  we  please  in  a 
platinum  crudble,  without  any  combination 
taking  place.  But  when  we  try  to  reduce 
silidum  (from  silica)  by  potassium,  in  a  pla- 
tinum crudble,  the  silidum  penetrates  deeply 
bto  the  platinum,  in  the  spot  where  the  potas- 
sium presses. 

100  parts  of  pure  silidum,  dried  hi  vacuo^ 
were  heated  with  carbonate  of  soda.  The 
mass,  treated  with  mniiatic  add,  evaporated 
to  dryness,  and  strongly  heated,  was  then  dis- 
aohed  in  water.  It  left  silica  coloured  grav 
by  charcoal,  which  being  wadied  and  igniteo, 
becune  snow-white,  and  weighed  208*75  parts. 
A  little  rilica  was  afterwards  procured  from 
the  washings,  making  in  all  205*25.  Hence 
100  parts  of  siHcinm  had  absorbed  105*25  of 
oxygen.  In  another  experiment,  208  parts 
of  suica  were  obtained  from  100  of  silidum. 
Uence  silica  consists  of 

Silidum,  48-5 

Oxygen,  61-6 

1000 


The  proportlan  wUdi  M.  Bensttus  faiftned 
from  the  capadty  of  saturation  of  silica  with 
the  ssline  bases,  was  50«3  oxygen  to  49*7  siU^ 


The  number  of  atoms  of  oxygen  m  silica 
has  not  been  determined*  M.  Beraelius  fa  b- 
cKned  to  oondder  it  as  a  tritoxide,  and  to  call 
the  atom  of  silidum  277  oxygen,  being  100, 
or  2*77  oxygen  =  1. 

Sitidum  does  not  seem  to  bdong  to  (he 
metallic  clasi  of  bodies,  but  rather  resemUes 
carbon  and  boron.  Some  philosophical  me- 
thodfats,  says  Betselius,  will  consequently  give 
it  the  name  of  silicoi^  but  I  regard  thfa  de- 
nomination as  usdess,  since  there  fa  no  true 
liuut  between  the  meuds  and  the  metalloids 
(such  as  boron  and  carbos).  Carbon  has  the 
metallfa  lustre,  and  condacts  dectridty,  and 
still  it  fa  not  reckoned  a  metaL  Tf  silidum 
oouM  be  fused,  it  would  possibly  acquire  the 
properties  wanting  in  its  pulvtrnlent  state. 
Uianlum,  In  thfa  fimn,  can  hardly  be  disdn- 
guished  hj  its  sspect  from  silidum ;  but  when 
crystallised,  it  has  the  metallic  lostia  Co- 
lumMum  and  titanium  approach  also  to  sili- 
dum in  their  chemicsl  properties.  Finally, 
when  the  dectrical  rdation  of  a  body  fa  re- 
garded  as  its  only  deddve  feature,  it  is  in. 
milerent  whether  we  pface  a  combuMible  body 
among  the  metafa  or  not.— ^iwiote  de  CMm. 
et  Phyt.  xxwH  S37. 

I  have  already  mentioned,  in  tieadog  of 
earths,  that  Mr.  Smithson  had  ingeniously 
suggested,  that  silica  might  be  viewed  in  many 
m&end  compounds  ss  actXDg  the  nart  of  an 
add.  This,  however,  is  a  vague  amdogy,  and 
cannot  justify  us  io  ranktfijg  silica  with  acid 
bodies. 

When  obtained  by  tUs  process  first  de- 
scribed, silica  fa  a  wlute  powder,  whose  finest 
partides  have  a  harsh  ana  gritty  feeL  Its  sp. 
sr.  fa  2-06.  It  fa  fusible  only  by  the  hy- 
draxyffen  blowpipe.  The  salhie  menstruum, 
fomiea  by  neutralizing  its  alkaline  solution 
with  an  add,  is  capable  of  holding  it  dis- 
solved, though  silica  seems  by  experiment  to 
be  insoluble  in  water.  Yet  m  the  water  of 
the  Geyser  RHring  a  portion  of  silica  seems  to 
remain  dissolved,  though  the  quantity  of  al- 
kali present  appears  inadequate  to  the  effect. 
Silica  exfats  nearly  pure  in  tiansparent  quartz 
or  rock  crvstaL  It  forms  also  the  d)ief  con- 
stituent or  flints.  By  leaving  a  solution  of 
silica  in  fluoric  add,  or  in  aqueous  potash, 
undfaturbed  fbr  a  Ions  thne,  crystab  of  thfa 
earth  have  been  obtained.  The  solution  in 
alkaline  lixivfa  fa  called  Hquor  silicum.  Glass 
fa  a  compound  of  a  similar  nature,  in  which 
the  proportion  of  silica  fa  much  greater. 

Mr.  Kirwan  made  many  experiments  on 
the  mutusl  actions  of  siUca  and  the  other 
earths,  at  high  degrees  of  heat.  The  follow- 
ing are  some  of  hfa  results : 
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SOboytOyS 
76«i]ka,  > 
SSbnytea,  j 

aSbuytM,/ 

«0bM7tet»/ 
SOtiUos     ( 

SSiUica,  I 
76bii7tei»  i 

e6btiytM,f 


IMKWfldg. 

160 

160 

148 

148 

160 

liO 


Avfaiteliilttl0iiiMB. 

A  britOs  hod  mMS,  MmitniispncDfc  aft  die  edgOL 
MeLted  into  m  hud  foniewhat  pomis  porodain. 
A  haid  niMS,  not  mdted. 


The  edgtt  were  mdted  inlo  a  pale  gveenidi 
tween  a  porodain  and  enameL 


Melted  into  a  aomewtiat  ponms  porodain  i 

Melted  into  a  yeUowidi  and  partly  greenlalk-wiBae  po- 
rooa  porodain. 


Whenthebaiytwemedithe  dlica  inthe    nearly  the  sum  as  thoee  with  faaiytcB.    line 
propottkn  of  tfaieatooae,  diefliaed  mais  is    wator  added  to  the  ii^MPr  «lk»m,  ooeaiaat  a 


aolnUe   in   aeida,<^a  dicnmataiioe  icoently    precipitate  which  ii  a  eompnaid  of  the  tve 
irithffieatadTantageintheanalydsof   earths.    The  following  aie  Mb.  B 
wfaidb  contain  alkaline  matter;  fohahidiedryway  i— 


Implied  with  g[reat  adrantoge  in  the  analyds 
mineialtwfaii 
The  habHudci  of  stiootian  with  dBca  are 


Mdted  bito  a  nuNi  of  a  white  eokor, 

,  and  Bliiidi^  firOi  dioo^  lieddyt  with  aied: 
between  poeodain  and  coemeL 


90lime» 
SOdlica, 

When  expoied  to  the^ 
magiifaia  aod  silica,  in  equidT 
white  enamd. 

Silica  aodaUudwa  unite  both  in  the  liquid 
and  drf  way.  The  Utter  compound  oonsti. 
tales  powitlain  and  sottery.ware. 

Equal  parts  of  lune,  magnrsia,  and  silica» 
mdt,  aooQiding  to  Acfaard,  into  a  gieenish- 
coioored  glass,  hazd  enough  to  strike  fire  with 
ated.  When  the  magnesia  exceeds  eitlier  of 
tltoodier  two  ingredients,  the  mixture  is  infu- 
nble;  when  the  siliaa  exceeds,  the  only  fusible 
proportioni  were,  8 silica,  2 lime,  1  magnesia; 
and  when  the  lime  ia  in  excess,  the  mixture 
usually  mdts  in  a  sHoog  heat  With  mix- 
tares  of  lime,  alumina,  and  silica,  a  fusiUe 
compound  Is  usoally  obtained  when  the  lime 
piedominates.  The  only  reftactury  propor- 
tiona  wen, 

LiffiCb  9  8 

Silica,  1  1 

Alumina,  9  2 

Bzcees  of  silica  gives  a  glass  or  porodain, 
but  excess  of  alumina  will  not  nunish  a 
glass. 

When,  in  mixtures  of  magnesia,  silica,  and 
alumina,  the  first  is  in  excess,  no  fusion  takes 
place  at  160*;  when  the  second  exceeds,  a 
porcelain  may  be  formed ;  and  3  parts  of 
silica,  2magnesia,  and  1  alumhu^fbrm  a  glass. 
From  Achard*8  experiments  it  would  appesr 
that  a  glass  may  be  produced  by  exposing  to  a 


heat,  equal  parta  of  alumina,  aiBca,]imi^ 


Other  proportions  gave  fusible  mixtiixes, 
provided  the  silica  was  in  excess 

The  mineral  sommite,  or  nephdin,  oonastSr 
aoooiding  to  Vauquelin,  of  48  alumina  -f  4G 
silica,  if  we  suppose  it  to  consist  of  a  prims 
equiTalent  or  atom  of  each  coostltnent,  then 
that  of  silica  would  be  8 ;  fiv  49 : 8-2 ::  46 : 3. 
But  if  we  take  Vauqudin's  analysis  of  endase 
for  the  same  purpose,  we  have  the  propuiliun 
ofsilicatothatofaluminaa8  36to22.  Henoew 
22  :  8-2  :  :  36 :  6-09  the  prime  equivalent  of 
silica,  whidi  is  not  reconcueable  to  the  above 
number,  though  it  agrees  with  diat  deduced 
fhmi  Sir  H.  Davy*s  experimenta  on  silicon. 
I  give  these  examnles  to  show  how  unprofita- 
Ue  Budi  atomics!  determinations  an^  See 
Irom  and  Acid  (Fluosilicxc). 

SILK.  See  lOLXACHiya,  and  Appev- 
Diz. 

SILLIMANITE.  A  new  minenl  torn 
Saybrook  in  ConnecticHt.  Golour  dark  giay, 
passing  into  dove  brown.  It  oocun  in  a  idn 
of  quartz,  penetrating  gneiss,  cryatsDiaed  ia 
ihomboidal  prisms,  whose  angles  are  about 
100»  80^  and  78*  lO';  the  in<£natioa  of  the 
base  to  the  axis  of  the  prism  being  about  119". 
The  sides  and  angles  of  the  crystals  are  fre- 
quently rounded.  In  hardnesa  it  ezoeedi 
quartz;  and  in  some  spedmensytopaa.  Tnw- 
lucent  in  small  fragments.     Brittle.    Frac- 
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tuM  IB  llM  Ifloeer  diagoiial  laoMlbr,  Ittinia^ 
Orotm  fiactuie  uneven  and  splintery.  Sp.  gr. 
3-41.  Inlbflible  at  the  blow-pipe,  even  with 
baiBz.  Adds  haye  no  action  on  iL  Its  con- 
atitnents  are, 

fiilicm  43-666 

Alumina,  54111 

Oxide  of  iron,  1-999 

Water,  0-510 

0-714 


100000 
SILiYAN.    TeUuiium,socaUedby  Wer- 
mr. 

SILVER  18  the  whitest  of  all  metala,  con. 
■ideislily  haider  than  gold,  yeiy  ductile  and 
malkable»  bat  l«aa  malleahle  than  gold ;  fiir 
the  eoMinuiCf  of  its  parts  begios  to  break  when 
it  is  hanunered  out  into  leaves  of  about  the 
hiiDdred  aadsi&ty  thouaaDdth  of  an  inch  thick* 
wliieh  isnuve  thMi  one-third  thicker  than  gold 
leaf;  in  this  state  it  does  not  transmit  the 
light.  Its  specific  gravity  is  from  10-4  to  10-5. 
It  Igniios  before  melting,  and  reqiuzes  a  stroog 
heat  to  liiae  it.  The  hMt  of  coounon  funuMses 
IB  iDMifficieDttooxidize  it ;  but  the  heat  of  the 
moat  powerftil  bumiog  lenses  vitrifies  a  por- 
tion of  it,  and  causes  it  to  emit  fumes ;  wluch, 
when  received  on  a  plate  of  gold,  are  found  to 
be  ailver  in  the  merallir  state.  It  has  like- 
wise  been  partly  oxidized  by  twenty  successive 
expoenres  to  the  heat  of  the  porcelain  furnace 
at  Sevree.  By  passing  a  strong  electric  shock 
thnmgh  a  silver  wire,  it  may  be  converted  into 
a  Uack  oxide ;.  and  by  a  powerful  galvanic 
battery,  sQver  leaf  may  be  made  to  burn  with 
a  beautiful  green  light  Lavoisier  oxidired  it 
by  the  Mowpipe  and  oxygen  gas ;  and  a  fine 
silver  wire  iRinis  in  the  lundled  united  stream 
of  oxygen  tatd  hydrogen  gases.  The  air  alters 
it  very  little,  though  it  is  disposed  to  obtain  a 
thin  parpk  or  Uack  coating  from  the  sulpho- 
roos  vapours  whidi  are  emitted  fiom  animal 
sttbotanoes,  drains,  or  putrefying  matters. 
This  eoatiag,  after  a  king  scries  of  years,  has 
been  observed  to  scale  off  ftom  images  of  sil- 
ver  exposed  m  churches;  and  was  found,  on 
examination,  to  consist  of  silver  united  with 
sulphuT. 

There  seems  to  be  only  one  oxide  of  silver, 
which  ie  fbimed  either  by  intense  ignition  in 
an  open  vessel,  when  an  olive-ooloond  ghlas  is 
obtaaiedc  or  by  adding  a  solutkm  of  caustic 
.  baiytes  to  one  of  nitrate  of  silver,  and  heating 
the  predpilalie  to  dull  redness.  Sir  H.  Davy 
fbond  that  100  of  silver  combine  with  7*3  ii 
oxygen  in  die  above  oxkle;  and  if  we  sup- 
pose it  to  consist  of  a  prime  equivalent  of  each 
oonstiiuent,  we  shall  have  13-7  for  the  prime 
of  silver.  Silver  leaf  burned  by  a  voltaic  bat- 
tery aflMs  the  same  oBve-ookNired  oxide. 

The  prime  equivalent  of  silver  seems  to  be 
13-75,  or  1 10  on  the  hydiosen  scale. 
Silver  comlnnsf  with  chlorine,  when  the 


metal  is  heated  hi  oonlaet  with  the  gas.  This 
chloride  is,  however,  usually  prq^ared  by  add- 
ing  muriatic  acid  or  a  muriate,  to  nitrate  of 
silver.  It  has  been  long  known  by  the  name 
of  luna^comea  or  liom^tUver,  because  though 
a  white  powder,  as  it  fisUs  down  from  the 
nitrate  solutum,  it  fuses  at  a  moderate  beat, 
and  forms  a  horny-looking  substance  when 
it  cools.  It  consists  of  13-75  silver  -f  4-5 
chlorine. 

The  sulphuret  of  silver  is  a  brittle  sub- 
stance, of  a  black  colour  and  metallic  lustre. 
It  is  formed  hj  heating  to  redness  thin  plates 
of  silver  straufied  with  sulphur.  It  consists  of 
13-75  silver  -f  2  sulphur. 

Fulminating  silver  is  fonned  by  pouring 
lime  water  into  the  pure  nitrate,  and  filtering, 
washing  the  precipitate,  end  then  digesting  on 
it  liquid  ammonia  in  a  little  open  capsule.  In 
12  hours,  the  ammonia  must  be  cautiously 
decanted  from  the  black  powder,  which  is  to 
be  dried  in  minute  portions,  and  with  extreme 
circunuspection,  on  bits  of  filtering  paper  or 
card.  If  struck,  in  even  its  moist  state,  with 
a  hard  body,  it  explodes;  and  if  in  any  quan- 
tity,  when  dry,  the  fulrainationis  tremendous. 
The  decanted  ammonia,  on  being  gently 
heated,  effervesces,  from  disengagement  of 
azote,  and  small  crystals  appear  in  it  when  it 
cools.  These  possess  a  still  more  formic^able 
power  of  detonation,  and  can  scarcely  bear 
touching  even  under  the  liquid.  '  It  seems  to 
be  a  compound  dtber  of  oxide  of  silver  and 
ammonia,  or  of  the  oxide  and  azote.  The 
latter  is  probably  its  true  constitution,  like  the 
explosive  iodide  and  chloride.  The  sudden 
extrication  of  the  condensed  gas  is  the  cause 
of  the  detonation. 

Silver  is  soluble  in  the  sulphuric  add  when 
concentrated  and  boiling,  and  the  metal  in  a 
state  of  division. 

The  muriatic  acid  does  not  act  upon  it,  but 
the  nitric  add,  if  somewhat  diluted,  dissolves 
it  with  great  rapidity,  and  with  a  plentiful 
disengagement  of  nitrous  gas;  which,  during 
its  extrication,  gives  a  blue  or  green  colour  to 
the  add,  that  entirely  disappears  if  the  silver 
made  use  of  be  pure ;  if  it  contain  copper, 
the  solution  remains  greenish ;  and  if  the  add 
contain  either  sulphuric  or  miuiaticadd,  these 
combine  with  a  portion  of  the  silver,  and  form 
scarcdy  soluble  compounds,  which  fall  to  the 
bottom.  If  the  silver  contain  gold,  this  metal 
separates  in  blackish-coloured  flocks. 

The  nitric  acid  dissolves  more  than  half  its 
weight  of  silver;  and  the  solution  is  very 
caustic,  that  is  to  say,  it  destroys  and  corrodes 
animal  substances  very  powerfully. 

The  solution  of  silver,  when  fully  satumted, 
depodts  thin  crystals  as  it  cools,  and  also  by 
evaporation.  These  are  called  luiuv  nitre,  or 
nitrate  of  silver.  A  gentle  heat  is  suffident 
to  fhse  them,  and  drive  off  their  water  of  crys- 
In  diis  dtuatioB  the  nitrate,  or 
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rather  ftabnitnte;  Car  the  heat  dihres  off  put 
of  the  add,  is  of  a  Uadt  eokmr,  may  be  cast 
into  %maS\  sticks  m  a  mould,  and  then  forms 
the  l.^pis  inferoalis,  or  lunar  caustic  used  in 
surgery.  A  stranger  heat  decomposes  nitrate 
of  idlrer,  the  add  flying  ofl^  and  Uie  sQver  re- 
maining pure.  It  is  obnous  that,  for  the 
purpose  of  forming  the  lunar  caustic,  it  is  not 
necessary  to  sufi^  the  salt  to  crystallixc,  but 
that  it  may  be  made  by  eraporating  the  solu- 
tion  of  silver  at  once  to  dryness ;  and  as  soon 
as  the  salt  is  fused,  and  ceases  to  boil,  it  may 
be  poured  out.  The  nitric  arid  driren  offfrom 
nitrate  of  sUver  is  decomposed,  the  prodncts 
bdi^  oxygen  and  nitrogen. 

The  suhihate  of  sHver,  whidi  is  formed  by 
pouring  sulphuric  add  into  die  nitric  solution 
of  sflver,  is  sparingly  soluble  in  irater ;  and 
on  this  account  forms  crystals,  which  aie  so 
small,  that  they  compose  a  whits  powder. 
The  muriatic  arid  precipitates  firom  nitric  add 
the  saGne  compound  called  hina<omea,  or 
hom-silver ;  which  has  been  so  distinguished, 
because,  when  melted  and  cooled,  it  forms  a 
semitranspaient  and  partly  flexible  mass,  re. 
sembling  hom.  It  is  supposed  that  a  preponu 
tion  oi  tfaia  kind  has  given  rise  to  the  accounts 
of  malleable  glass.  This  effect  takes  place 
with  aqua  regia,  whkfa  acts  strongly  on  silver 
but  precipitates  it  in  the  form  of  nrariate,  as 
last  as  it  is  dissolved. 

If  any  sah  with  base  of  alkalL,  containing 
the  muriatic  add,  be  added  to  the  nitric  solu- 
tion of  silwr,  the  same  effect  takes  place  by 
double  affinity ;  the  alkaline  base  uniting  wi^ 
the  nitric  add«  and  the  silver  falling  down  in 
combtnatfoo  with  the  muriatic  add. 

Since  the  muriatic  acid  tiirows  down  only 
silver,  lead,  and  mercury,  and  the  latter  of 
these  two  i5  not  present  in  silver  that  has 
passed  cupdladon,  though  a  small  quantity  of 
copper  may  dude  the  scoriflcation  in  that  pro- 
cess, the  silver  which  may  be  rrrived  from  its 
muriate  is  purer  than  can  readily  be  obtained 
by  any  other  means.  ¥nien  this  salt  is  ex- 
posed to  a  low  red  heat,  its  chlorine  is  not  ex- 
pelled ;  Mid  a  greater  heat  causes  the  whole  con- 
crete either  to  rise  in  fumes,  or  to  pass  through 
the  pores  o£  the  vessel.  To  reduce  it,  there- 
fore, it  is  necessary  that  it  should  be  tritu- 
rated with  its  own  weijxht  of  fixed  alkali  and  a 
little  water,  and  the  whole  afterwards  exposed 
to  hi-at  in  a  crucible,  the  bottom  of  which  is 
covered  with  soda ;  the  mass  of  muriate  of 
silver  biiiig  likewise  co^ived  with  the  same 
siib>tancc.  In  this  way  the  acid  will  be  sepa- 
rated tToa\  tlie  jsilvcr,  which  'vt  deduced  to  its 
mcraJlif  state. 

As  the  prwnjtatc  of  muriate  of  silver  is 
vrry  pcrccptibltj,  the  nitric  solution  of  silver  is 
u<Ki\  as  a  rest  ot'the  presence  of  muriatic  acid 
in  waters  ;  for  a  drop  of  thi>  solution  poureil 
ir>io  5urh  wa'er^  will  muse  a  very  evident 
fiO.ulint.N5.      The  soiurion    of  silver  is  also 


used  by  MBstyers  to  portly  the  ttkrie  acid  friv 
any  admixture  of  muriatic  acid,  f  n  tkis  sisk 
they  can  it  predpttated  aqnalbrtis. 

M.  Cheaerix  found,  tfiat  a  chlocate  of  «C. 
▼er  may  be  formed,  by  paasins  a  cjmmi  o 
dilorine  through  water  in  wliicS  oxide  o(  &2- 
ver  is  suspended ;  or  by  digeatiiig  phosphBc; 
of  silver  widi  hyperoxy  muriate  of  alumks. 
It  requires  only  two  parts  of  hdt  waisr  far  i « 
solution,  and  this  aflbrds,  od  eooliiii^  ksaH 
white,  opaque,  ihomboidal  crystala.  It  a. 
likewise  somewhat  soluble  in  alcohol.  Hab 
a  gndn,  mixed  with  half  as  miuii  snlpimr. 
and  struck  or  rubbed,  detonates  vitfa  a  lofyl 
report  and  a  vivid  flash. 

Compoonds  of  sDver  with  odier  adds  air 
best  fonned  by  precipitation  fimn  ks  aointka 
in  nitric  add ;  dther  by  the  add  ittdt,  ar  br 
its  alkaline  nits.  Phosphate  of  dwer  is  i 
dense  white  precipilate,  Snnhible  in  water. 
but  sohible  in  an  excess  of  its  acid.  By  K»: 
it  fusep  into  a  creenlsh  opaque  glas.  Car. 
bonate  of  ilQver  is  a  white  inaahiMe  powder, 
which  is  bladcened  by  light.  The  thoMte  sr£ 
borate  are  equally  sduble.  DiatSIIed  Tinecv 
RadUy  dissolves  the  oxide  of  silver,  and  ilk 
solution  affords  long  while  needles,  easlj 
crystallised.    See  Salts. 

The  predpitales  of  sflver,  which  are  fanned 
by  the  adfition  of  aBnfis  or  earths,  aie  aH  re- 
ducible by  mere  heat,  widioiit  die  additiss  &' 
any  combusdble  substance. 

A  detonating  powder  has  been  sold  lately  a: 
Puis  as  an  object  sf  amuaeniaiL  It  is  en. 
closed  between  the  folds  of  a  card,  cot  in  two 
lengthwise ;  the  powder  being  placed  at  tme 
end,  and  the  other  being  notdied^  that  it  naj 
be  distinguished.  If  it  be  taken  by  the  nncch. 
eil  end,  and  the  other  be  hdd  over  the  flame  c« 
a  candle,  it  soon  detonates,  with  a  shsrp  spund 
and  violent  flame.  The  card  is  torn,  and 
changed  brown ;  and  the  part  in  contact  with 
the  composition  is  covered  with  a  sKght  raetfJ- 
lic  coating,  of  a  grayish-whhe  coloar. 

l*his  compound,  which  M.  Desoodh  qXL> 
detonating  silver,  to  distinguish  it  fma  ihi 
fulnninatiDg  silver  of  M.  BerthoBet,  nay  be 
made  by  dissolving  sihrer  in  |»uie  nitric  acid, 
and  pouring  into  the  solution,  while  tt  n 
going  on,  a  suffiritnt  quantity  of  rectiM  al- 
cohol :  or  by  adding  alt^ohol  to  a  nittie  sole 
tion  of  hUrer  with  considerable  exoesscf  and. 

In  the  first  case,   the  nitric  add  iato  which 
die  silver  is  put  must  be  heated  gently,  till  the 
solution  commences^  that  is,  tiB  the  isH  bub- 
bles begin  to  appear.     It  is  dien  to  be  ir.     I 
moved  fitm  the  fire,  atnl  a  sufficient  quantitT     i 
of  alcohol  to  be  added  hnmediatdy,  to  pre      1 
vent  the  evolution  of  any  nitrous  vapoor-. 
The  mixture  of  the  two  honors  occasions  in 
extrication  of  beat ;  the  efllivescmee  quickly 
rcttommem^es,  without  any  nitrons  gas  bri  .: 
dt^e.'ipanrd;  and  it  gradually  incteases,  erni:. 
fing  at  the  same  time  a  siteng  sMell  of  nitrii 
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la  a  almrt  dna  dM-Uqm  bMoinas 
turiud,  and  a  voy  hoavy,  white,  crystaUine 
powder  £idla  down,  which  must  be  separated 
when  itoMses  to  increase,  and  washed  several 
times  with  imoU  quantities  of  water. 

If  a  veiy  acid  solatioD  of  aUver  preTioosly 
made  be  emploved,  it  most  be  heated  gentlj, 
and  the  akohoi  then  added.  The  beat  ex- 
cited  by  the  mixture,  which  .is  to  be  made 
AradaaUy,  soon  occasioDs  a  considerable  ebuL- 
litioiiy  and  the  powder  immediately  predpi- 


It  would  be  superfluous  to  remind  the  cho- 
mist,  that  the  mixture  of  alcohol  with  hot  ni- 
tric add  Is  liable  to  occasion  acddentt,  and 
that  it  is  consequently  prudent  to  operate  on 
small  quantities. 

This  powder  has  the  following  properties: 
It  ia  white  and  ciystBlline  i  but  the  siae  and 
lustre  of  the  crystals  are  variable.  Light 
alten  it  a  little.  Heat,  a  blow,  or  long  ooo« 
tinued  ftictioo,  causes  it  to  inflame  with  a 
liriak  detonation.  Pressure  alone,  if  it  be  not 
Tery  powerftil,  has  no  efiect  on  it  It  like- 
wise detonates  by  the  decttic  spark.  It  is 
slightly  soluble  in  water.  It  has  a  very  stzong 
metallic  taste. 

Coooentnted  sulphuric  add  occasions  it  to 
take  file,  and  is  thrown  by  it  to  a  considerable 
distanrp.  Dilute  sulphuric  add  i^peaza  to 
decompose  it  slowly. 

Prions  fir  teparating  Silver  fivm  Copper  hp 
Mu  Keir. 

Pitt  the  pieces  of  plated  metal  into  an 
earthen  glased  pan ;  pour  upon  them  some 
acid  liquor,  which  may  be  in  the  proportion 
of  eight  or  ten  pounds  of  sulphuric  acid  to  one 
Mund  of  nitie ;  stir  them  about,  that  the  sur- 
&oes  may  be  frequently  exposed  to  fresh  li- 
quor, and  assist  the  action  by  a  gentle  heat 
from  100^  to  200o  of  FahwDheifs  scale. 
When  the  liquor  is  nearly  saturated,  the  silver 
is  to  be  piedpitated  fhwo  it  by  common  salt, 
which  forms  a  muriate  of  silver^  easily  ro* 
ducible  by  melting  it  in  a  crucible  with  a 
sufficient  quantity  of  potash ;  and  lastly,  by 
refining  the  mdted  silver,  if  necessary,  with  a 
little  nitre  thrown  upon  it.  In  this  manner 
the  silver  will  be  obtained  snflkiently  pure, 
and  the  copper  wiU  remain  unohanged.  Other- 
wise, the  olver  may  be  predpitated  in  its  me. 
tallic  state,  by  adding  to  the  solution  of  silver 
a  few  of  tike  pieces  of  copper,  and  a  suffident 
quantity  of  water  to  enable  the  liquor  to  act 
upon  the  copper. 

Mr.  Andrew  Thomson,  (tf  Banchory,  has 
noommended  the  following  method  of  purify, 
ing  silver,  which  he  observes  is  equally  ap- 
plkabie  to  gold.  The  impure  silver  is  to  be 
flstied  out  to  the  tHinness  of  a  shiUing,  coiled 
up  spirally,  and  put  into  a  crudble,  die  bot- 
tom of  which  is  oovered  with  black  oxide  of 
Mom  of  this  oxide  ia  then  to  be 


added,  till  the  sflver  is  eompletdy  ooveied, 

and  all  the  spaces  between  the  coils  filled.  A 
cover  is  then  to  be  luted  on,  with  a  small  hole 
for  the  escape  of  the  gas;  and  after  it  has 
been  exposed  to  a  heat  auflkient  to  mdt  silver, 
for  about  a  quarter  of  an  hour,  the  whole  of 
the  alloy  will  lie  oxidized.  The  contents  of 
this  crudble  are  then  to  be  poured  into  a 
larger,  into  which  about  three  times  as  mudi 
powdoed  green  glasa  has  been  previously  put ; 
a  cover  luted  on  as  befbre*  to  prevent  die  ao- 
oess  of  any  inflammable  matter;  and  the  era- 
dhle  exposed  to  a  heat  sufBdendy  strong  to 
mdt  the  glass  very  fluid.  On  oooUog  and 
breaking  we  cmdble,  tlie  silver  will  be  found 
reduced  at  the  bottom,  and  perfectly  pure. 

Sulphur  combines  very  easily  with  silver, 
if  thin  plates,  imbedded  in  it,  be  exposed  to  a 
heat  auflldent  to  mdt  the  sulphur.  The  snl- 
phuret  is  of  a  deep  violet  colour,  approaching 
to  black,  with  a  degree  of  metallic  lustre, 
opaque,  brittle,  and  soft  It  is  more  fusible 
than  silver,  and  this  in  proportion  to  the  quaiu 
tity  of  sulphur  combined  with  it.  A  strong 
heat  ends  part  of  the  sulphur. 

Sulphuretted  hydnwen  soon  tarnishes  the 
surfiioe  of  poUahed  silver,  and  forms  on  it  a 
thin  layer  of  sulphuxet. 

The  alkaline  sulphurets  combine  with  it 
by  heat,  and  form  a  compound  soluble  in 
water.  Adds  predpitate  sulphuxet  of  silver 
from  this  sdlntion. 

Phosphorus  left  in  a  nitric  solution  of 
silver  becomes  covered  with  the  metal  in  a 
dendritic  form.  By  boiling,  this  becomes  first 
white,  then  a  light  black  mass,  and  is  ulti- 
noAtdy  converted  into  a  light  brown  phos* 
phuret.  The  best  method  of  forming  a  phoa- 
phuret  of  silver  is  Pelletier*s,  which  consists  in 
mixing  phosphoric  add  and  charcoal  with  the 
metal,  and  exposing  the  mixture  to  heat. 

Most  metallic  aubstances  predpitate  silver 
in  the  metallic  state  from  its  solution.  The 
assayers  make  use  of  copper  to  separate  the 
silver  from  the  nitric  acid  used  in  the  process 
of  parting.  The  prcdpitation  of  silver  by 
mercury  is  very  dow,  and  produces  a  peculiar 
symmetrical  arrangement,  called  the  tree  of 
Diana.  In  this,  as  la  all  predpitationa,  the 
peculiar  form  may  be  afiected  by  a  variety  of 
concomitant  drcurostances;  forwludi  reason 
one  process  usually  succeeds  better  than  an- 
other. 

Make  an  amalgam,  without  heat,  of  four 
drachms  of  leaf  SXvtx  with  two  drachms  of 
mercury.  Dissolve  the  amalgam  in  four  ounces 
or  a  sufficient  quantity  of  pure  nitric  add  of  a 
moderate  strength;  dilute  this  solution  in 
about  a  pound  and  a  half  of  distilled  water  » 
agiute  the  mixture,  and  preserve  it  for  use  in 
a  glass  botde  wit^  a  ^ound  stopper.  When 
this  preparation  is  to  be  used,  the  quantity  of 
one  ounce  is  put  into  a  phial,  and  toe  sice  of 
a  pea  of  amalgam  of  gold,  or  ulver,  as  soft  as 
butter,  is  to  be  added;  after  which  the  vessel 
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t  be  left  at  rett.  Soon  afterwards,  imaU 
fikonents  appear  to  btae  out  of  the  ball  of 
amalgam,  wnitb  quickly  increase,  and  shoot 
out  brancJies  in  the  form  of  shrubs. 

Silver  unites  .with  gold  by  fusion,  and  forms 
a.  |iale  alloy,  as  has  been  already  mentioned  in 
treating  of  tkat  metal.  With  platina  it  forms 
a  haid  Ikiixture,  rather  yellower  than  silver  it- 
sdf,  and  oi  difficult  fusion.  The  two  'metals 
do  not  unite  well.  Silver  mdted  with  one- 
tenth  part  of  crude  platina,  fVom  which  the 
femiginous  particles  had  been  separated  by  a 
■tioDg  magnet,  could  not  be  renikred  dear  of 
tahtooB  pans,  thougii  it  was  repeatedly  fused, 
poured  out,  and  laminated  between  toUers.  It 
was  then  fused,  and  suffered  to  oool  in  the 
crucible,  but  with  no  better  success.  Afta  it 
had  been  formed,  by  n^ing  and  hammering, 
into  a  spoon  for  blowpipe  experiments,  it  was 
exposed  to  a  low  red  heat,  and  became  rough 
and  blistered  over  its  whole  surface.  The 
quantities  were  one  hundred  grains  of  silver, 
iad  ten  grains  of  platina.  Nitre  was  added 
during  the  fusions. 

Silver  very  readily  combines  with  mercury. 
A  very  sensiUe  degree  of  heat  is  produced 
when  silver  leaf  and  mercury  are  kneaded  to- 

rther  in  the  palm  of  the  hand.  With  lead 
forms  a  sof^  mass,  less  sonorous  than  pure 
•liver.  With  copper  it  becomes  harder  and 
more  sonorous,  at  the  same  time  that  it  remains 
lufficiendv  ductile :  this  mixture  is  used  in 
the  British  coinage.  12^  parts  of  silver,  al- 
loved  with  one  of  copper,  form  the  compound 
caJled  standard  silver.  The  mixture  of  silver 
and  non  has  been  little  examined.  With  tin 
it  forms  a  compound,  which,  like  that  of  gold 
•with  the  same  metal,  has  been  said  to  be 
brittle,  however  small  the  proportion ;  though 
there  is  probably  as  litde  foundation  for  £e 
asserdon  in  the  one  case  as  in  the  other.  With 
bismuth,  arsenic,  sine,  and  antimony,  it  forms 
brittle  compounds-  It  does  not  unite  with 
niskeL  The  compound  of  silver  and  tungsten, 
in  the  proportion  of  two  of  the  former  to  one 
of  .the  latter,  was  extended  under  the  hanmicr 
during  a  few  strokes ;  but  afterwards  split  in 
pieces.     See  Irok. 

llie  uses  oi  sQver  are  well  known :  it  is 
chiefly  applied  to  the  forming  of  various  uten- 
sils for  domestic  use,  and  as  the  meditmi  of 
exchange  in  money.  Its  disposition  to  assume 
a  black  colour  by  tarnishing,  and  its  softness, 
appear  to  be  the  chief  objection  to  its  use  in 
the  construction  of  graduated  instnwients  for 
astronomical  and  other  purposes,  in  which  a 
good  white  metal  would  be  a  desirable  acqui- 
sition.  The  nitrate  of  silver,  besides  its  great 
use  as  a  caustic,  has  been  employed  as  a  me- 
didne,  it  is  said  with  good  success,  in  q>ileptic 
eases,  in  the  dose  of  l-20th  of  a  grain,  gra- 
dually increased  to  l-8th,  three  times  a^ay. 
Dr.  Cappe  gave  it  in  a  dose^f  J  .4th  of  a  grain 
three  times  a-day,  and  afterwards  four  times, 
in  what  he  aopposcd  to  be  a  ease  of  angina 


pectnis,  in  a  stout  man  of  aii^r*  wfum  k 
cured.  He  took  it  for  two  or  Airee  uMHithL 
Dr.  Cappe  unagihes  that  it  faaa  the  effect  a' 
increasing  the  nervous  power,  by  wfticii  mus- 
cular action  is  excited. 

The  frequent  employment  in  theaSai  re- 
searches of  nitrate  of  sQver  as  a  teagmt  far 
combined  chlorine,  occasioos  the  prododiflD  ti 
aeonsiderable  ^antity  of  the  cMoride(hinriase) 
of  silver,  whidi  is  ibuaHy  reeonvarted  isA 
metal  by  furi.on  with  potaah  in  a  emrsHe. 
But,  as  mudi  of  the  sBver  is  lost  in  this  wa^, 
it  is  better  to  expose  the  foBowing  nsxtBre  io 
the  requisite  heat : 

CUoride  of  silver,  100 

Dry  quicklime,  .         •  19^ 

Powdered  charcoal,  4-2 

An  easier  method,  however,  is  to  pot  the 
metallie  diloride  into  a  pot  of  dean  iron  or 
line,  to  cover  it  with  a  small  quantitT  of 
water,  and  to  add  a  little  sulphuric  or  innri. 
atic  add.  The  reduction  of  the  ehloride  of 
sflver  by  the  zinc  or  iron  is  an  operatioD  wbidi 
it  is  curious  to  observe,  especially  with  the 
diloride  in  mass  {luna-eomai].  It  begms 
first  at  the  points  of  eontaet,  and  speedily  ex- 
tends in  the  form  of  ramificatioos,  over  its 
whole  surfkce,  and  into  its  interior.  Hence, 
In  less  than  an  hour,  considerable  pieces  of 
faom-BLlver  are  entirdy  reduced.  If  the  mass 
operated  on  be  considerable,  the  tempeiaime 
rises,  and  acodemtes  the  revivification.  Oi 
the  small  scale,  artificial  heat  may  be  applied. 
— Ann.  de  CMmte^  •^"'y,  1S20.    See  Saxts. 

SILV£RINa.  There  are  various  methods 
of  giving  a  covering  of  silver  or  silvery  aspect 
to  the  surfaces  of  bodies.  The  applicatioa  of 
silver  leaf  is  made  in  the  same  way  as  that  of 
gold,  for  whidi  see  Gildxxo. 

Copper  may  be  silvered  over  by  rubbing  it 
with  the  foUowhig  powder :  Two  dxariims  cf 
tartar,  the  same  quantity  of  common  salt,  and 
half  a  draehm  of  alum,  are  mixed  with  fifteen 
or  twenty  grains  of  silver  prodpitated  ftom 
nitric  add  by  copper.  The  surface  of  the 
copper  becomes  white  when  rubbed  with  this 
powder,  which  may  afterward  be  brushed  off 
and  polished  with  leather. 

The  saddlers  and  hamess-makers  cover  their 
wares  with  tin  for  ordinary  uses,  but  a  cheap 
silvering  is  used  for  this  purpose  as  follows : 
Half  an  ounce  of  silver  that  haa  been  predpi- 
tated  from  aquafortis  by  the  addition  of  copper, 
common  salt,  and  muriate  of  ammonia,  of 
each  two  ounces,  and  one  drachm  of  coirosive 
muriate  of  mercury,  are  tritumted  together, 
and  made  into  a  paste  with  water;  with  this, 
copper  utensils  ol  every  kind,  that  have  been 
previously  boiled  with  tartar  and  alnm,  are 
rubbed,  lifter  which  they  are  made  red-hot, 
and  then  polished.  The  intentiao  of  this  pro. 
cess  appears  to  be  little  more  than  to  apply  the 
silver  in  a  state  of  minute  division  to  the  dean 
surface  of  the  copper,  and  afterward  to  fix  it 
there  by  fusion;  and  acoordkigly  thIislhieriDg 
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motif  bt:c0betod  bj  oiiqg  the  ttgwdn*  pnci- 
pHttM  hcK  mentkined,  with  borax  or  merouiy, 
and  eMMriDg  it  to  adhere  by  fusion. 

The  diaUplstes  ofdocks^  the  ic»ks  of  baro- 
melera,  and  other  flimihur  Mticlet,  aie  silvered 
by  Tabbing  upon  them  a  mixture  of  muriate  of 
ailTer,  sea  lalt,  and  tartar,  and  afterward  cue- 
fuliy  waahing  off  the  saline  matter  with  water. 
In  this  operation,  the  silver  is  precipitated 
'from  the  muriatic  acid,  which  unites  with  part 
of  the  coppery  surface.  It  is  not  durable,  but 
may  be  impoved  by  heating  the  article,  and 
repeatiog  tne  opemtion  till  the  covering  seems 
miffidently  thick. 

The  silvering  of  pins  is  effected  by  boiling 
them  with  tin  filings  and  tartar. 

Hollow  mimyrs  or  globes  sie  sUveied  by  an 
amalgam,  consisting  of  one  part  by  weight  of 
bismuth,  half  a  part  of  lead,  the  same  quan- 
tity of  pure  tin,  and  two  parts  mercury.  The 
aolld  metals  axe  to  be  first  fused  together,  and 
the  mercury  added  when  the  mixture  is  almost 
cold*  A  very  gentle  heat  is  sufficient  to  fuse 
this  amalgam.  In  this  state  it  is  poured 
into  a  clean  glass  globe  intended  to  be  silvered, 
by  means  of  a  paper  funnel,  which  reaches  to 
the  bottom.  At  a  certain  temperature,  it  will 
stick  to  the  glass,  which  by  a  proper  motion 
may  thus  be  silvered  completely,  and  the  su- 
perfluous anialgam  poured  out.  llie  appear- 
ance of  theae  toys  is  varied  by  using  glass  of 
dififerent  colours,  such  as  yellow,  blue,  or  green. 
.  SKORODITE.  Colour  kek.green.  Mas- 
sive,  but  generally  crystallized  in  very  short 
brood  rectangular  four-sided  prisms,  ^acture 
uneven.  Translucent.  As  hard  as  calcareous 
Spar.  Easily  frangible.  Il  melts  before  the 
blowpipe,  with  emjjision  of  arsenical  vapour, 
and  is  converted  into  a  reddish-brown  mass, 
which,  when  highly  heated,  so  as  to  drive  off 
all  this  arsenic,  becomes  attractible  by  the 
magnet.  It  is  an  arseniate  of  iron,  without 
copper.  It  occurs  in  quartz  and  horastone,  in 
primitive  rocks,  in  me  Schneeberg  mining 
district  in  8axony. 

SLATE  (ADHESIVE).    See  CLikY. 
SLATE  CLAY.    See  Clay. 
SLATE  COAU    See  Coal. 
SLATE  SPAR,  or  SCUIElfER  SPAR. 
A  sub-species  of  limestone. 

SLJCKENSIDES.    The  specular  variety 
of  Galena,  so  called  in  Derbyshire.     It  ex- 
presses the  smoothness  of  its  surface.  It  occurs 
lining  the  walls  of  very  narrow  rents.    It  hss 
a  most  remsrkabie  property,  that  when  the 
rock  in  which  it  is  contained  is  struck  with  a 
hammer,  a  crackling  noise  is  beard,  wbich  is 
gcnenlly  followed  by  an  explosion  of  the  rock, 
in  the  direction  and  neighbourhood  of  the 
vein.  The  cause  of  this  sii^ular  effect  has  not 
been  satiB&ctonly  explained — Jameson, 
SMALT.    See  Zaff re. 
SMARAGDITE.    Di^kge. 
SMARAGDUS.     See  Emerald. 
SOAP.    A  compound,    in  definite  pro- 


poctionsi,  of  certain  prfa}ei|des  in  oik,  AMs,  or 
rcshi,  with  a  salifiable  base.  When  this  base 
is  potash  or  soda,  the  compound  is  used  ss  a 
detergent  in  washing  clotbo.  Whea  an  al- 
kaline earth,  or  oxide  of  a  common  metal,  as 
litharge,  is  the  salifiable  base,  the  compound 
is  ipsSuble  in  water.  The  first  of  these  com- 
binations is  scarcely  applied  to  any  use,  if  we 
except  that  of  linseed-oil  with  lime-water, 
sometimes  prescribed  as  a  liniment  against 
bums ;  and  the  last  is  known  only  in  surgery 
as  the  baais  of  certain  plasters.  Concerning 
the  chemical  constitution  of  soaps  and  saponi- 
fication, no  exact  ideas  were  entertained  prior 
to  M.  Che^;reul*s  resesrcfaes ;  of  which  copious 
details  are  given  under  the  artidcs  Fat, 
EiiAiN,  Acids  (Mabgaric  and  Oleic). 

Fats  are  compounds  of  a  solid  and  a  liquid 
substance;  the  former  called  stearine^  the 
latter  resembling  vegetable  oil,  and  therefore 
called  elaiM,  V^hax  fat  is  treated  with  a  hot 
ley  of  potash  or  soda,  the  constituents  react  on 
«ne  another,  so  as  to  generate  the  solid  pearly 
JEOatter  margaric  acid^  and  the  fluid  matter 
oieic  acid,  both  of  which  enter  into  a  species 
of  saline  ocnnbination  with  the  allcsU ;  while 
the  third  matter  that  is  produced,  the  tweet 
frfnciple^  remains  free.  We  must  therefore 
regard  our  common  soap  as  a  mixture  of  an 
olkaline  margarate  and  oleate,  in  proportions 
deleniiined  by  the  relative  proportions  of  the 
two  adds  producible, from  the  peculiar  spodes 
of  fat.  It  is  probable,  on  the  other  hand, 
that  the  soap  formed  from  vegetable  oil  is 
chiefly  an  o2ea<<r.  No  chemical  researches  have 
hitherto  been  made  known,  on  the  eompounds 
of  resin  with  alkalis,  though  these  constitute 
the  brown  soaps  so  extensively  manufactured 
in  this  counury.  All  oils  or  fats  do  not  possess 
in  an  equal  degree  the  property  of  saponifica- 
tion. Those  which  saponify  best,  acootdiDg 
to  D*Arcet,  senior,  I^elievre,  and  Pelletier,  are, 

1.  Oil  of  olives,  and  of  sweet  almonds. 

2.  Animal  oils ;  as  hogVlard,  tallow,  buu 
ter,  and  horse-oiL 

•   3.  Oil  of  colza,  or  r&pe-secd  oil. 

4.  Oil  of  beech-mast  and  poppy-seed,  when 
mixed  with  olive-oil  or  tallow. 

6.  The  several  fish-oils,  mingled  like  the 
preceding. 

6.  Hempeeed^iL 

7.  Nut  oil  and  linseed-oil. 

8.  Palm-oiL 
0.  Rosin. 

In  general,  the  only  soaps  employed  in 
commerce,  are  those  of  olive-oil,  tallow,  lard, 
palm-oil,  and  rosin.  A  spedes  of  soiq»  can 
also  be  formed  bv  the  union  of  bees-wax  with 
alkali ;  but  this  Jias  no  detergent  application, 
being  used  only  for  painting  in  eneatuio, 

I  shall  first  describe  the  fabrication  of  olive- 
oil  soap :  To  this  oil  there  is  ususUy  added 
one-fifth  of  that  of  rape-iieed ;  without  which 
addition  the  section  of  the  soap  would  not  be 
i^ufiidently  smooth  and  unifimi,  but  clotty. 


parts  of  npe-^ed  ml  consist  of  64  elaioe,  and 
40  of  Btearine.  Since,  however,  the  prime 
cqnivalents  of  the  margaric  and  oleic  adds, 
which  result  from  the  above  two  principles, 
■re  nearly  the  same,  that  of  the  former  feNsing 
about  34,  and  of  the  latter  3G,  it  does  not  seAn 
necessary  to  consider,  in  a  chemical  point  of 
view,  the  proportions  of  the  two  oils. 

Besides  the  oils,  the  matterB  employed  in 
-the  xnanuftictiue  of  this  soap  are,  ]«^  tliesoda 
(barilla)  of  commerce,  of  good  quality,  that  is, 
containing  from  80  to  36  per  cent,  of  dry  caiv 
bonate ;  2d,  quicklime ;  3d,  wator.  100  parts 
of  oil  require  about  54  parts  of  the  bestbarffla 
for  saponification ;  and  3  parts  of  the  barilla 
require  1  of  quicklime. 

Aftor  braising  the  soda,  and  sladdng  the 
Umc,  they  are  mingled,  and  a  certain  quantity 
of  cold  water  is  poured  upon  the  mixture.  At 
the  end  of  12  hoors,  the  liquor  is  diowed  to 
run  oC  It  is  called  the  first  ley,  and  marks 
Aom  20^  to  25*  on  the  hydrometer  of  Baam6, 
(sp.  gr.  MO  to  1*21).  On  treating  the  re- 
siauum  twice  with  firnh  wattr  to  exhaust  it, 
two  other  leys  are  obtained ;  die  one  iVom  10* 
«o  15S  (sp.  gr.  1-072  to  1*114);  the  other 
Aom  40  tod»,  (spi  gr.  1-027  to  1096). 

When  the  manufacturer  has  laid  in  a  stock 
of  lejrs,  of  dififarent  densities,  he  engages  in  the 
eoap-boiling.  For  this  purpose,  he  employs 
boilers  (caidrons)  which  vary  mueh  in  thdr 
construction,  and  whidi  may  contain  from 
5000  to  2500  pounds  of  soap.  In  all  cases, 
they  have  at  their  bottom  a  pipe  2}  inches  hi 
diameter,  called  the  thorn  (epine). 

They  begin  by  putting  weak  ley  info  the 
boiler ;  they  then  pour  in  gradually  the  oil, 
and  boil  the  mixture.  The  combination  is 
soon  efi^ted,  forming  a  species  of  emulsion: 
they  temper  the  fire,  and  add  successively 
weak  ky  and  oO,  taking  care  to  maintain  the 
mass  in  a  homogeneous  pasty  state,  without 
ley  at  the  bottom  or  oil  on  the  surface,  in  order 
to  aoceloate  the  combination. 

When  they  have  thus  put  into  the  boiler 
an  the  oil  which  they  wish  to  saponi^,  they 
add  to  it  slowly  some  strong  ley,  which  com* 
pletes  the  saturation  of  the  oil,  converting  the 
emulsion,  with  an  ofly  excess,  into  a  p^fect 
soap,  which  separates  from  the  ley,  and  whidi 
collects  upon  the  surface. 

Whenever  this  phenomenon  occurs,  the  lev, 
although  very  abundant,  is  no  longer  fit  wr 
saponifieation ;  diere  is  now  present  in  it  only 
some  neutral  salts,  carbonate  of  soda,  and  a 
little  caustic  soda,  unabsorbed.  For  this  rea- 
son,  when  the  fire  has  been  allowed  to  fall,  they 
withdraw  the  ley  by  the  pipe,  so  as  to  leave 
the  soap  nearly  dry.  Fresh  leys  are  now  added, 
which  are  caustic  and  concentrated ;  and  the 
fire  is  rekindled.  Thus  there  is  poured  into 
tb§  bofler  more  caustic  ley  than  is  required  tp 


ley  has  attained  a  specific  gmvfity  of  1-15  or 
1-2.    This  ley,  over  which  the  soip  floats,  h 
next  withdrawn,  like  the  preceding  and  die 
soap  is  kit  dry  at  die  bottom  of  tfa«  boOea. 
In  this  sttite,  the  soap  is  of  a  deep  Mne  ooionr 
bordering  on  black,  and  oontains  only  16  pfr 
tettt.  of  water.    This  ookmr  proceeda  from  a 
combination  of  the  oil,  alumina,  and  h^dvoenil- 
pburet  of  iron,  which  is  fonnBd  dmnng  tb^ 
pasty  process,  and  which  dissolves  in  die  soap 
The  alumina  is  derived  from  die  fumaoes  m 
vhich  itie  soda  is  fabricated,  and  Mt  dis. 
solved  in' it  during  the  lixiviatiai.    Thesni. 
pburctted  hydrogen  comes 'fimn  llie  liydiaaul» 
pbttzet  of  soda  contained  in  Hie  ley,  and  is  set 
at  liberty  the  moment  that  the  poaCe  or  glue 
is  made.    As  to  the  oxide  of  iron,  itpvoeeedi 
from  the  materials  employed,  or  fnm  dM 
tuarth  of  the  ftimaoe,  or  from  the  plant  ksdl^ 
when  nadve  barilla  is  employed.    Tfab  oxide 
of  iron  is  held  in  solution  by  the  hydMsal- 
phnret  of  soda.    When  the  leys  do  wit  oob- 
tain  enough  of  oxide  ofiron  to  eokmr  teahi- 
mineus  soap  into  a  fine  blue,  they  add  to  the 
boiling  a  soflidoit  qusiitity  of  iron*  vUch  li 
done  by  sprinkling  in  a  soIntiOD  of  aapparas, 
after  the  pasty  operaCfon.    At  any  rate,  it  v^ 
peitrs  that  the  od  unites  almost  famwediaHy 
with  the  alumina  and  the  «xide  of  Iron;  that 
there  thence  results  a  yeUowish  alfmiBio4b'- 
higtnous  soap,  and  that  it  is  <inly  by  the  best 
of  ebulBtion  thai  this  soap  aoquiRS  the  falae 
colour.    The  soap  made  by  die  above  pRwesa 
may  be  converted  either  into  whhe  ormarUsd 
soap.    To  convert  it  into  white  soaps  we  mast 
mingle  it  gradually  with  dilate  lej^  whh  a 
gentle  heat,  and  allow  deposkioa  to  tahepboe^ 
with  a  covered  boiler.  The  Uadmh  alnBUDo- 
ferruginous  soap,  not  being  ssfaible-'fa 
soda-soap  at  this  temperature,  sepitss  fi 
it,  and  falls  to  the  bottom  of  die  boOsr. 

The  soap-paste,  which  has  heeome  jpoifculy 
v^te,  is  now  tidten  out,  and  run  mto  die 
wooden  frames,  where  it  beeomes  haid  on 
cooling.  From  diese  it  11  Anally  reaoved,  sod 
cut  into  bars. 

This  soap  is  known  in  Frsnee  voder  ths 

name  of  soap  in  t83)les,  {mtm  en  taUr.)  Ac- 

cording  to  M.  Thenard,  it  eonsisto  oi; 

8oda,  441 

Fat  matter,  -      6<K9 

Water,  •      45*S 


1004> 

According  to  BI.  D^Aroet^  analyria, 
ported  to  h)e  by  M.  Clement,  Haraeflks 
soap  is  composed  (rf*, 

Soda,  « 

Oil,    •        •         .        OO 
Water,  84 
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By  my  vpcHmntaim  that  «oftp,  UiAquan* 
Uty  of  soda  in  it  iB  from  9  to  0-0  per  cent 

TbU  sofip  U  pieferred  for  delicate  purposes  $ 
«8  the  waaoing  of  laoe,  and  for  dytiing ;  be- 
cause,  having  b^en  edulcorated  with  very  weak 
leyst  and  ponfied  by  subsidence  and  decanta- 
tion,  it  oontains  no  excess  of  alluJI^  nor  ai^ 
loKeign  body.  It  it  henoe  much  amoother  and 
milder  than  the  marbled  soap,  of  whidi  we 
sure  now  to  treat 

When  the  soap-boiling  is  finished,  and  when 
the  ley  over  which  it  swims  has  acquired  a 
specific  gravity  of  from  M5  to  1-20,  the  soap 
ia  of  a  bladdflh-blue  colour,  as  we  have  said 
above.  In  this  state,  if;  instead  of  wishing 
to  make  table  9oap^  we  desire  to  make  th^ 
marbled  kind^  w^  pursue  the  following 
plans—- 

We  have  seen  that  the  soap  oentains  then 
but  16  pes  cent  (tf  water,  and  that  the  entire 
masa  has  a  dark  colour.  We  must  add  water 
to  supjply  the  deficiency,  in  Older  that  the 
cokiunng  matters  be  separated  from  the  white 
fiaate,  and  that  it  may  unite  into  veins  of 
greater  or  less  sise,  so  as  to  form  a  species  of 
bhie  marbling,  In  a  white  basis.  Thesepanu 
tion  of  this  body  may  be  oompaied  to  a  species 
of  gyatslllirahnn,  Forits  proper  production, 
tboacMp  must  be  suitably  diluted,  and  it  must 
not  be  allowed  to  eool  either  too  slowly  or  too 
quickly.  If  it  be  too  much  diluted,  and  if  it 
oodl  too  slowly,  we  obtain  onlv  a  white  sosm 
the  whole  marbling  falling  to  the  bottom.  In 
the  opposite  case,  it  is  entiidy  in  little  graini, 
like  a  masa  of  gianit& 

This  pEDcesa  is  founded,  we  peroeive,  on 
the  imauer  aolnbility  of  the  alumino-femx- 


gmoot  soap,  at  a  low  temperature ;  and  oo 
the  propetly  which  the  solntion  possesses  of 
not  bdB^  aUe  to  retain  it,  and  of  separathig 
ixom  it  at  a  oertahi  density. 

At  all  events,  whenever  there  is  added  to 
the  hoiUiig  a  suitable  quantity  oS  weak  ley, 
to  bring  it  to  the  desired  point,  this  soap  is 
mn  into  ihe  frames  in  the  same  way  as  the 
white  soap,  and  is  taken  out  afier  cooling  to 
be  cut  into  bars.  The  fiwaies  or  boxes  for 
•ooliag  the  soap  are  dAer  wooden  boxes  with 
moveable  sides  fixed  by  wedges,  or  are  stone 
tnwghs  jointed  with  eement.  The  platform 
on  which  they  rest  mtist  be  so  oonstructed,  as 
to  allow  the  ley  to  run  off  into  a  reservoii. 
This  ihottled  soap  ia  always  harder  and  more 
untiean  in  its  proportions  than  the  white 
4Bb]e-soapi  In  fact,  the  production  of  the 
marbling  does  not  pomit  the  manufacturer 
to  vary  the  quantity  of  ihe  water;  for  tUa 
depends  on  the  marblingf  White  table-soap, 
en  the  oontary,  may  receive  as  much  water 
as  the  manufiictuiar  shall  derire,  and  it  is  even 
whiter  the  more  water  it  contains.  It  thence 
appears,  that  the  marbled  soq>  deserves  a 


in  London.    The  first  had  a  specific  gravity 

of  1  -0705.    It  consisted  of, 
Soda,  ...  9-0 

Well^ied  oily  matter,  76-6 

Water  with  a  little  cobuxiog  matter,  14-5 

100-0 
The  specific  gravity  of  the  second  was  only 
O'OfJGS) ;  for  it  remained  at  rest  in  any  part 
of  a  dilute  alcohol  of  that  density.    Its  com- 
position was. 
Soda,  .  106 

Pasty  consistence  and  fat,      •        76-2 
Water  with  the  colouring  matter,  14-3 

1000 
The  differoice  of  density  probably  arose 
partly  from  a  higher  specific  giavity  of  the 
oO,  and  partly  from  the  greater  diemical  con- 
densadOn  of  the  soapy  particles  in  the  foreign 
marbled  soap,  usually  called  Castile  soap  by 
the  apothecaries.    Both  of  the  above  soaps 
were  very  m, 
Bcrry^s  white  soap  yielded  me, 
Soda,  8 

Fatty  matter,    75 
Water,  17 

100 

Glasgow  best  white  soap, 
Soda,  64 

Tallow,  600 

Water  with  a  little  muriate  of  soda,  33-G 

1000 


Some  years  ago,  I  analyzed  the  fomign 
CartSi  loan,  aa  Sao  in  imitetion  of  it  made 


Brown  or  rosin-soap,  (Glasgow), 
Soda,  6-5 

Rosmand&t,  70-0 
Water,  23-6 

100-0 

I  have  since  examined  several  of  the  com. 
mon  white  soaps.  The  average  of  soda  per 
cent  is  about  5,  from  which  Sieir  deteigent 
quality  may  be  inferred  to  be  considerably 
inferior  to  the  preceding  soaps,  which  were 
all  carefully  manufactured.  The  soap  lately 
imported  from  India,  when  freed  from  the 
ioda  powder  on  its  surface,  yields  less  than  6 
per  cent  of  combined  soda,  and  is  hence  not 
so  powerful  a  detergent  as  many  of  the  com- 
mon soaps  of  this  country.  It  is,  moreover, 
highly  oiarged  with  muriate  of  soda.  The 
composition  of  a  good  soft,  or  potash  soap^ 
made  by  a  respfrtamemaniifarturerinOlaagow, 
was  as  follows:— 

Potash,        ...  9 

Fat,         ....    43-7 
Water,  •       47-3 

1000 

Here  the  equivalent  propQrtk>n8  aro  no 
knger  obiwved.    As  we  may  estimata  the 
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mean  atomic  weight  of  the  obfe  nd  maigtile 
■dd<  at  S5.  or  tcD  times  that  of  lime  (ozygeo 
being  I),  we  see  that  9  of  potash  ahoold  take 
62-6  of  fat,  mMead  of  43-7.  6  of  aoda  (equi. 
valent  to  9  of  potash)  in  a  banl  son  will  in» 
dicate  in  Uke  manner  52-5  of  fat.  I  ooDaidcr 
this  proportion  to  be  that  of  good  aoap,  such 
as  the  best  Maneilles ;  but  we  shall  generallj 
find,  I  believe,  somewhat  less  than  5  in  100 
parts  of  oat  soaps  of  eommeree,  sometimes 
only  4*6 ;  and  hence  such  soaps  maj  be  ei« 
timatedat 
Soda,    ....        5-00    or     4^ 

Fat, 4375  394 

Water  and  muriate  of  soda,  61*26         66-1 

100-00  100<> 
There  are  debased  so^,  however,  of  whidi 
the  pretended  inow..soop  is  the  most  remark* 
able,  that  contain  far  less  of  the  real  saponified 
compound  than  the  above.  It  is  the  practice 
of  some  persons  to  keep  the  boi4>  in  strong 
brine,  af^  it  has  been  charged  with  a  Inge 
dose  of  common  salt  Such  adulterations 
should  be  detected,  and  their  authors  exposed* 
My  alkalimeter,  noticed  in  the  introduction, 
will  enable  any  person,  however  little  skilled 
in  chemistry,  to  ascertain  in  a  few  minutes 
the  detergent  or  washing  quality  of  any  soap. 
The  Mpedfic  gravity  of  soap  is  in  general 
greater  than  that  of  water.  lu  taste  is  faintly 
^kaline.  When  subjected  to  heat|  it  speedily 
fuses,  swells  up,  and  is  then'  decomposed. 
Bxposed  to  the  air  in  thin  slices,  it  soon  be- 
comes dry;  but  the  whole  combined  water 
does  not  leave  it,  even  by  careful  desiccation  on 
a  sandbath.  Thus  100  parts  of  Berry's  cake 
soap,  analyzed  above,  loses  only  12  per  cent ; 
and  100  of  the  best  Glasgow  white  soap,  only 
21*  If  we  suppose  good  hard  soap  to  consiiit 
of  1  prime  soda,  1  prime  saponified  fat,  and 
20  primes  water,  we  shall  have  its  theocetie 
composition  to  b<^ 

Soda,        .        .  4         C-6 

Fa^  •        .        35        569 

Water,     -  22-6    30-6 

615   100-0 

This  is  prahaUy  the  true  constitution,  which 
may  be  occasionallv  modified  by  the  form^ 
tion  of  a  little  suboieatc  or  submaigamte,  and 
a  slight  variation  in  the  quantity  of  water, 
dther  from  evaporation,  or  the  presence  of  a 
little  in  excess,  not  chemically  combined. 
When  such  soap  is  desiccated,  if  it  still  reuins 
10  atoms  of  intimately  combined  water,  the 
proportion  of  this  pet  cent,  will  be  22,  nearly 
coinciding  with  the  last  of  the  above  results. 

Soap  is  mudb  more  soluble  in  hot  than  in 
cold  water  This  solution  is  instantly  dia. 
turbed  by  the  greater  number  of  acids,  which 
seizing  the  alkali,  either  separate  the  fatty 
prjhdplcs,  or  unite  with  them  into  an  addo. 
•oujpf   emulsion.    The  solution  is  likewise 


by  alraoil  sfi  iSbm 
i  mht,  wfakh  ghe  biith  tD  1 
ttoipounds  ot  the  oleie  aM 
with  the  salifiable  bases. 

Soap  haolnble  hi  alcohols  and  ialMe 
qtunttty  by  the  aid  of  heat.  WTmp  bsilig 
alcohol  ia  aatnrated  wiifa  aoap,  the  liqirid*  m 

ofayeilowooloar.  When  this  masaiadriad, 
H  stUl  retains  its  tranapaiency,  psovidBB  Cha 
•nap  be  a  oomponnd  of  taUowmlaoda^  aad 
in  this  state  it  is  sold  by  the  pafiuBon  in  lUs 
oountiy. 

Good  so^  posscaKa  the  puifiegty  of  s^ 
moving  ftom  Ihxen  end  doth  the  gtci 
of  fistty  substanees  whidi  may  hava  1 
plied  to  them. 

With  regard  tonuubled  soaps,  H.  CShaptsI, 
in  his  CMmie  AppHqtUe^  aiya,  thai  it  ia  not 
tin  after  two  days*  boilings  that  llie  psaf 
of  variegation  is  begun.  With  tUs  vaear  ^^ 
part  of  die  eolphate  of  iron,  lekKively  la  the 
oil  intended  fix  saponifieatiao,  is  dflated,  aai 
decomposed  with  a  weak  lixhrlam.  Thia  ao- 
Itttion  (mixture)  is  disn  pOkuad  into  tfaa  caUbsB, 
whidi  is  kept  in  a  state  of  ebolHtian  iHl  die 
paste  becomes  Uack;  after  vriiidi  tlie  five  is 
extinguished,  and  die  lixivium  wlndi  snnaiDS 
nninoorpomted  is  dmwn  oC  When  tins  is 
done,  they  rekindle  the  fire,  and  supply  ihs 
paste  with  ley  during  24  hoars;  after  wludb 
the  fire  being  put  out,  the  matter  b  left  «a 
setde,  and  the  lixiviam  diawn  off  aa  bsfiassk 
This  process  is  repeated  for  eight  or  nine  dagra 
at  the  end  of  whldi  the  fire  ia  removed,  swi 
the  lixivium  evacuated.  Am  sooo  aa  the  mass 
-has  settled,  about  12  poonda  avoiidnpois  af 
Spanitfu'brawn  diffiised  through  Wats'  aas 
added  to  it  When  this  is  dane»  two  work, 
men,  stationed  on  boards  set  over  die  caldna, 
and  furnished  with  loogpolca,  to  theiisliiBMly 
of  each  of  which'  is  attached  a  hoaid  about  ten 
inches  square,  raise  up  die  paata,  and  i^tale 
it  in  different  directionsv  while  othsn  poor 
lixivium  in  at  intervals,  till  the  paste  be  ie»> 
dered  fluid.  After  this  operation  the  aa^ia 
removed  into  the  moulds. 

The  description  of  the  marbliiig  psoesB 
previously  given  is  talun  from  Thenasd,  and 
seems  to  me  more  coitect,  diongh  the  abose 
manipulations  are  no  doubt  worthy  of  attou 
tion. 

We  ascertahi  that  seap  has  attamed  a  due 
degree  of  consiatenoe,  1.  By  aUowng  a  smaH 
portion  of  it  to  fall  and  coagulate  oo  a  datsb 
2.  If  on  ahaking  a  spatula,  wUdb  has  beai 
dipped  mto  the  pasta,'  briskly  hi  die  air,  the 
aoap  be  detached  in  the  £oim  of  zibbans^ 
without  adhsting  to  the  woad.  3^  By  ths 
peculiar  odour  of  soap,  and  by  handling  it 
between  the  fingers.  At  the  stage  of  aaMofc. 
fication,  when  the  paste  is  bfcoainng  ttitt,  and 
beginning  tosepsrate  from  the  aquaaaa  iiqaoi^ 
Messrs.  FeUelier,  I^AMct,  and  Lciiene, 
advise  us,  at  this  petM,  to  tfaiow  into  ths 
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■■Mil  »-lbv  poitoat  cT  iwmfci  In 
CO  iModuoe  a  more  oompkte  ifpiniiriflff ;  tho 
fMlBthcttMBMnetagniDedfenn,  lonimrbat 
membUng  spoiled  cma;  tiia  «l»Uidon  k 
mttintaiiied  during  tm  hocin,  aflCT  whidk  the 
file  it  wHhdmwn,  and  the  agitatjen  difoon. 
titiiied*  When  a  few  bean  hav«  elapsed,  the 
IkfMr  nhicb  has  snbsided  to  the  bottom  of 
tM  oaMrenisdiMwaiFbyaieBnsofthep^t 
the  Are  la  xekiiidled,  the  sosp  ia  dissolved  by 
tie  water  pound  lj 


Um  aid  oC  a  little  water  ponvBdlolD  the  caldran, 
tho  adxtnfe  is  agitated,  and  when  it  is  oonu 
pletielj  liquefied,  and  in  a  boiUDg  stale,  the 
ranAinder  of  the  iint  ley  (about  M4  sp.  sr.) 
ia  gndBaUy  added  to  it.  In  some  manntac- 
tttiea,  sBvsM.  Ohaptal,  the  strongest  Uximm 
(the  first)  is  employed  at  the  oommenoemcnt 
€i  the  ebullition  $  by  which  method  the  paste 
beeomes  quickly  thickened  to  a  oonsidcmble 
df  giiee»  and  fsquiies  to  be  managed  by  parsons 
akilled  in  such  operations.  It  is  judged,  ne- 
cnssary  to  pour  m  fresh  ley  when  the  paste 
aliika  down,  and  lenains  at  rest.  They  ccn. 
tlBue  to  employ  the  strong  ley  till  it  benesily 
■     Then ' 


the  boiling  subsides,  that 
ia,  it  sinks  down,  and  appears  as  if  stationary. 
it  bofla  in  ^lis  quiet  manner  during  three  or 
fimr  hours;  after  which  it  is  moistened  by 
pouring  into  it  the  second  lixivium  (1*072  ^ 
l^aS^sp.  gr.),  while  cave  is  at  the  same  ttma 
taken  progieesivdy  to  augmeot  the  heat  It 
very  nody  happens,  when  the  strongest  lix- 
ivium  has  been  used  at  the  beginning,  that 
the  third  ley  ([1-027  to  1*04  sp.  grav.)  is  no. 
oeasary.    This  is  employed  only  when,  the 

rue  does  not  boil,  because  then  the  object 
to  dilute  it.  As  soon  aa  the  boiHng  is 
fr»j«iwMij  the  fire  is  withdrawn;  tlie  lixivium 
ia  then  drawn  olF;  after  which  the  paste  is 
left  to  cool,  and  taken  up  before  it  be  fnUy 
fnagwkrfd^  by  means  or  copper,  or  wooden 
budEcts,  to  be  transfianed  into  moulds,  into 
the  bottoms  of  whidi  a  portion  of  pidveriaed 
lime  has  been  pievioiisly  inHoduoeo,  to  pre- 
vent  the  soap  from  adhering  to  them.  At  the 
end  of  two  or  three  davs,  when  the  soap  has 
become  suffidently  hard,  they  remove  it  from 
the  mould,  and  divide  it  into  wedges  of  dif- 
lermt  siaes  by  means  of  abrass  wire.  They 
plaoa  these  wedges  on  a  iiocr  edgeways,  where 
tiiey  are  allowed  to  remain  tiU  they  beoome 
perfectly  firm  and  dry. 

The  fsir  trader,  adds  M.  Cbaptal,  lays  his 
account  with  procuring  five  pounds  of  soap 
fiom  three  pounds  of  oiL  The  soap  is  not 
marfcetabk  tUl  it .  ceases  to  receive  any  im. 
prcssion  fiiom  the  fingers. 

It  must  not  be  supposed  that  the  lixivium 
smpknred  at  the  eonuneaoement  of  the  process 
riimdd  be  constantly  continued.  The  great 
art  of  soap-making  consists  in  knowing  to 
determine,  from  the  sppesianoe  of  the  peste 
and  ocher  circumstances,  what  kind  of  lixivium 
flhoold  be  employed  during  each  step  of  the 
The  evsneemiepilate  their  conduct 
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Thelbsm  and  rise  of  the  babbies,  tlie  cekmv 
of  the  paste,  the  volume  of  that  which  ii 
thrown  out  on  the  edgee  of  the  vend,  tiie 
consistence  of  the  matter,  and  its  disposition  t» 
swdl,  as  weQ  as  the  appearance  of  the  stesm, 
aU  fianish  them  with  erUeria  by  which  to 
i^gulats  their  conduct. 

It  sometunes  happens*  that  the  pastes 
riiou|^  sppaientiy  very  firm,  yet  when  set'  in 
thr  cold  air  to  cooonte,  throws  out  mudi 
water,  and  is  resolved  into  small  grains  poi- 
sesring  little  consistency.  In  this  esse  it  ia 
evident  that  the  ley  is  in  excess,  and  must  be 
diaripated  by  heat,  or  precipitated  (separated) 
by  means  of  marine  salt.  Frequently,  also^ 
the  paste  beocnnes  greo»yy  and  the  oil  appears 
to  separate  from  &  mi»  As  this  in  general 
proceeds  from  the  paste  not  being  imboed 
with  sufficient  water  to  keep  it  in  oembina- 
tion,  it  is  necessary  to.  add  to  it  a  portion  of 
water,  or  very  vrtak  lixivium^  to  remedy  thia 
defect. 

,  Tlie  adulterations  most  commonly  practised 
on  soap  sre  the  following:— 

When  die  soap  is  made,  they  add  to  it 
mncfa  water,  which  renders  it  white.  Fce» 
luently  pulverised  .lime,  gypsum^  or  pipe* 
lay  are  incorporated  with  it.  Tbe< former 
of  these  fraads  is  readily  discovered  by  the 
rspid  loss  of  weidit  which  the  soap  snffbrs  on 
exposure  to  a  dry  air;  the  seoond  can  be 
easily  dete^ed  by  solution  in  alcohol,  wha& 
the  earthy  matters  fidl  down. 

Hard  soap  is  made  in  Scotland  chiefly  with 
kelp  and  taUow.  That  crude  alkali  rarely 
contains  mere  than  from  one  to  five  per  cent, 
of  free  soda,  mixed  with  some  sulphate  and 
hydrasnlphite,  and  nearly  33  per  osnt.  of 
muriate  of  soda.  To  every  ten  or  kdp  broken 
into  small  fragments,  about  l-6th  of  new 
sbMdttd  lime  n  added.  The  whole,  altar 
mixture^  are  put  into  a  large  tub  called  a 
cave,  having  a  perforation  at  the  bottom,  shut 
with  a  wo^en  plug.  Upon  the  materials, 
water  is  very  uowly  poured.  The  liquid, 
after  digestion,  is  suffired  to  run  slowly  off 
into  a  reservonr  sunk  in  the  ground.  Thefirst 
portion,  or  ley  No.  1.  is  of  course  the  strongest, 
and  is  reserved  for  the  last  Operatkm  in  soap- 
boUmg.  IfindtfaatagaUonofthatofaven^ 
atrsngth  contains  1000  grains  of  real  soda,  so 
that  one  pound  of  the  alkali  is  present  in  seven 
gsllons  of  the  ley.  The  second  portion  run 
off  contsins  800  grains  in  1  gslUm,  equivalent 
to  a  pound  in  8f  gallens.  The  third  contakw 
600  gndns  per  gsllon,  or  1  pound  in  11| 
gallons;  and  the  fourth,  200  grains,  or  1 
pound  in  36  gallons.  The  last  is  not  enu 
ployed  directly,  but  is  thrown  on  a  fresh  mix- 
ture in  the  cave,  to  acquire  more  aUcalme 
strength. 

Six  days  sie  required  to  make  one  boiling 
of  soap,  in  which  two  tons  or  upwards  of  tal. 
low  may  be  employed.    The  1^  2.  and  S. 
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ndnd^ ««  QMd  at  4he  befSfanlBig^  dloted  with 
iTBtBr,  on  Meoont  of  die  ezons  of  on-aalt  is 
Hwkclp.  Aouand^ofleyrnotwfladflfiiied, 
b  poured  Ob  die  mtfted  tillow,  and  ^enix. 
tare  to  boiled,  a  workman  agitalliig  tlie  nuu 
ttffab  to  ikdfitale  the  oflmlii&ation.  Tbe  fee 
hdng  wltl^rawn,  Md  the  aqueou  Uqnld 
having  subsided,  it  if  pottiped  off,  and  a  ntw 
poitkm  is  duown  in.  A  second  boil  is  given, 
nod  so  on  in  saoeeosion.  2  or  3  bofib  are 
perlbnnki  ererjr  12  hours,  for  6  days,  con. 
siHnting  19  or  18  operations  In  whole.  Towaida 
the  Um,  the  stronger  kj  is  bron^i^t  into 
play.  Whenever  die  workman  pcroeiyes  the 
sapoattcMioa  peribet,  the  pRweas  is  stopped ; 
and  the  soap  is  lifted  oat,  and  pat  into  the 


Whin  die  price  of  Amcriosn  potash  is  socb 
as  to  admit  of  its  eoonomiosl  employment,  a 
ley  of  that  alkali,  rendered  oavstic  by  lime,  is 
used  In  the  saponification,  and  the  soft  potash 
soap  whiflh  raBiiltB  is  oonvttted  into  a  hard 
soda  soiqp,  by  doable  deeomposition.  This  it 
iiibeted  dther  by  the  addition  of  common  8ilt» 
or  rather  of  a  kdp  ley;  whidi  sopplisa 
abundance  of  muriate  of  soda.  The  mnriatic 
add  goes  to  the  potash,  to  eonstknto  mvriato 
of  psitash,  whidk  dissoltes  in  the  wai«r,  and  is 
dmwn  off  in  the  spent  ley ;  whfle  the  sod^ 
enlers  into  oomUnadon  widi  the  ftit»  (ot 
Mdier  the  margsrie  and  oleto  adds,  now 
sffolved),  and  forms  «  soap,  which  becomes 
solid  on  cooling,  A  wesk  potadi  ley  is  used 
at  first,  and  subsequsnUy  one  of  greater 
Btxcngth.  I  have  found  the  potaih  ley  of  a 
mspectahle  manniboiQrer  to  oOBtam  dOOO 
gtdns  of  real  potash  per  gallon;  wfafieh  is 
oqwiTaleDt  to  I  pound  of  veal  alkali  In  ^ 
gallons.  But  I  cannot  oArtUs  prsnordfln 
as  any  standard ;  for  praetiGal  soi^Jboiiiiw  Is^ 
In  regard  to  the  alkaline  itrength  of  the  tey% 
in  a  deplorable  atate  of  daiknms  and  impark 
ftctioii.  To  this  cause  duefly  we  may  asariba 
the  peipeinal  dlsap^ointmenta  whidi  occur  In 
the  soap  mamifadories. 

Two  tons  of  taHow,  prapedy  saponified^ 
■hooU  ineld  folly  8  tons  of  marketable  white 
soap.  But  I  haire  known  a  manufacttacr 
produce  only  9^  tons,  by  some  ridicaloui 
mismanagement  of  his  leys.  Tfaesulphafetted 
fawdrogen  present  hi  the  crude  alkalis,  gives  a 
blue  stain  to  the  soap.  This  may  be  removed^ 
in  a  great  measure,  by  contact  of  air.  Bat 
the  proper  plan  would  be,  to  employ  an  alkali 
prenously  deprived  as  much  as  posdbls  of  its 
sulphur.  Thoee  who  decompose  sulphale  of 
soda,  with  die  view  of  using  die  alkali  in 
saponification,  are  liable  to  many  acddenti 
mn  the  above  cause.  Mudi  balsam  of  sul» 
phor  is  formed,  at  the  expense  of  the  soap; 
and  die  manufactured  artjde  Is  geoeially 
inferior  in  detergent  powers  to  the  kelp  soap^ 
whidi,  however,  is  by  no  means  so  free  frcni 
sulphur  as  it  might  be  made,  previous  to  its 
cnildoyment,    by    simple    mediods,    iihich 


pow«% 

For  brown  or  ydicwr  sonp^  n  -»»*'"—  «f 
taillsRr  and  roafai,  widi  a  little  palm  oS  to 
Impsove  the  oolsnr,  is  used.  Soap  «f  the 
eoBiaer  ooallty  is  made  widi  opial  paeis  cf 
roshi  and  taBow.  But  thai  of  hetser  qainy 
leqaims  3  parts  of  tallow  to  1  of  iooin;  and 
for  evuy  4on  of  that  mlztora,  half  AfauBdsed 
weight  of  palm  oiL  The  roshi  soapa  eaBauzDe 
less  alkaline  ley  than  those  with  fot  alona. 

SoftSogpt,  The  compounds  of  foia  or  oOi 
with  potadi  remain  soft,  or  at  Ipast  pac^ 
Three  kinds  of  tlietttre  known  ino 
the  soaps  flom  rape-soed,  and  other  t 
seeds,  called  gmm  mmpt ;  toikite  wapm, 
whh  hog*s  lard;  and  common  soft  i 
made  with  fish  oils. 

Manufactnreia  of  green  soap  prepare  dn 
Botash  leys  as  those  of  hard  soBf>  do  dMir  soda 
kys,  and  conduct  thdropemtians  la  Ae  eame 
manner  dUdMwMeolh  be  added.  In  dih 
atate  the  soi^  lesamfales  an  ungncB^  b 
eontain  excsm  of  oO,  ii  white,  and  faaedl^ 
tansparait.  After  tempaing  die  liicv  Acy 
keep  stirring  cpntinnslly  the  hoilom  of  the 
caldson  with  large  spsftnlaa;  they  Aen  ado, 
by  dcmss,  new  Im  perfoctly  camade,  mi 
somewhat  stranger  thw  the  Ifaat.  Tbesatma- 
tion  of  die  oil  Is  dins  dftdsd^  and  the  ao^ 
becomes  transparent.  The  fttt  is  now  oBn> 
thmed  to  give  die  soap  a  aailabl 
after  which  it  is  run  off  Into 
odbred  for  sale. 


tabc 


We  perceive  that  tUs  spesies  of  aoqp  difin 
oonslderably  Asm  the  aosp  nanQfltttamd  with 
olive  oil  and  aoda.  Hcre^  tan  the  con. 
menceraent  of  the  operation  to  its  end,  die  art 
of  diB  Boap4KiileroonslBlB  hi  eActii^  thecom. 
MnatioB  of  the  oil  iddi  Ae  potadi^  widioBt 
die  aoap  sraring  to  be  dissdwd  in  ths  1^; 
whilst  In  die  fobricMiai  of  hard  sosp  it  is 
nwesewy,  on  the  oeMtaiy,  as  wo  hava  aeo^ 
to  sepuate  the  801^  ihom  the  ley, 
die  saturation  of  the  oil  ia  aoeomp' 

Gasen  sow  contalasy  in  1^ 
than  is  ahsolatdy  nireesaiy  for  the  i 
of  the  oiL     It  is,  m  foct,  a  psifoot  soap^ 
diesolved  in  an  alkaUne  ley.    h  should  be 
transparent,  of  a  fine  green  colour;  a  t 
sometimes   produosd   by  meana  of  is 
According  to  M.  Thenaid,  it  Is  unally  < 
posed  of 

Potash,  94^ 

Fatty  matter,    -        4L% 
Water, 


This  $olt  9fmp  mav  be  i 
hard  soap,  as  we  h 
addition  of  mnriaie  of  soda. 

Toikite  Msm,  made  with  ] 
potash,  should  nave  as  small  an  i 
as  poedbk.    The  finer  ao^s  for  the  toiletie 
are  made  with  oil  of  sweet  almonds,  widi  nm 
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potash  oraodaioftpt,  as  tfasfinay  beprefcowd 
in  the  pwMr  or  wUd  ststeb 

The  following  foots  firani  C9uiptal,  on  soft 
aoaps,  OM  worthy  of  |iMatiea«  After  intrp- 
ductog  into  the  caktron  the  half  of  the  oil 
.inteiided  for  one  eootxoo,  the  fire  ds  kindled, 
and  when  the  oil  begins  to  gsow  hot,  we  add 
to  it  a  portion  of  the  potash  hxiviam*  The 
remaiadGr  of  the  oil  and  lixivaina  must  after- 
waxds  be  graduallj  poured  in  during  the 
ebullition.  If  too  much  of  the  lizlTium  be 
empiaysd  at  the  oommeDoeDUDt,  no  oimbi* 
natam  takes  place;  if  the  lizivinm  be  too 
strangt  the  nizture  stpaiates  into  dots;  and 
if  it  be  loo  weak,  the  union  is  tnaimplete. 
The  quantity  of  the  ley  employed  In  one 
ooctioii  oogbt  to  be  in  the  proportion  of  4  parts 
te  S  of  <£»  300  parts  of  oil,  and  125  of 
potash,  yield  386  of  soap.  When  the  union 
is  Iblly  aeoomplisfacd,  and  the  liquor  tendered 
txaBsparoit,  nothing  tcsnains  but  to  empkiy 
the  necomary  degme  <Mf  eoetion.  The  soap- 
boilsrs  judge  of  the  degree  of  cootion  by  the 
omsiBtaBey,  fay  the  eaUmr,  and  ftom  the  time 
wilich  the  soap  takes  to  ooagalato.  In  order 
to  make  the  inth  subside,  and  mder  die  mass 
fit  foK  bsmiliBg,  one  ton  of  soap  (ssady 
made?)  is  empdsd  hito  die  caldron.  The 
soaph^  in  the  grestcst  request  is  of  a  brown 
cotoor,  inclining  to  black.  The  mannfai^ 
turcn  in  Flanders  dye  the  soap,  by  throwing 
into  the  esldHio,  half  an  hour  before  the  ter- 
mination of  die  boiling  or  coctkm,  a  oompo- 
stdon  of  one  pound  of  the  sulphate  of  iron, 
half  a  pound  of  galls^  and  an  equal  quantity 
of  red  wood ;  and  boding  it  with  the  liziirium. 
When  die  soap  is  prspsrad  with  a  great 
portioB  of  warm  or  f^eikm  oU^  a  green  calour 
may  be  imparted  to  it,  by  pouring  into  the 
1^  a  solution  of  ind^Ok  This  soap  is  reckoned 
or  the  best  quality :  it  tsmains  always  in  the 
stats  of  a  soft  paste,  oa  whish  aesount  it  is 
plascd  in  casks  as  exjpeditioosly  as  possifale. 

8inoe  writing  the  above,  I  have  iMmed  the 
foUewiog  partlcularB  oa  the  manuiaelnie  of 
toft  soap,  from  an  eminent  soap-boiler,  nssr 
Glasgow  s— 

973  gidlons  of  whak  or  cod  oil,  sbd  4  ewt. 
of  tallow,  are  put  into  the  boiler,  widi  868 
fiaUons  of  potash  ley,  whose  alkaline  strtfigdi 
IflndtobesochtduitonegallonoaiitainsdeoO  aadafkeri 
gndns  of  real  potash.  Heat  is  applied,  when  eraporate 
dw  miztore  froths  op  very  much,  but  is  pre-  theliquid 
▼ented  ftom  boiling  orer  by  the  wooden  olb^ 
whidi  surmounts  &  iron  caldrsii.  If  it  now 
subside  into  a  doughy  magma,  the  ley  has 
been  too  coDcentrated.  It  should  have  a  thhi 
giiuy  aspeet.  There  are  next  poured  in,  two 
nieaiQres  of  a  stranger  ley,  hddhig  eaeh  91 
gaDons,  (oootuning  per  gaHon  8700  gr.  real 
po<Mh),  and  after  a  litde  interval  other  two 
■>MMUK8,  and  BO  on  progressively,  till  14 
iQSMures  have  been  added  m  whole.    After 


SMitahle  boilfaig,  vtdwttt  agHadtfs  die  seaiiis 
formed,  amounting  in  all  to  100  firkios  of 
64  ttw.  esch,  ftom  die  above  quantity  of 
matniids.  The  manufociure  of  soft  sosp  is 
reckoned  more  difficult  and -delicate  thaa  that 
of  hard  soap.  Bape  oil  forms  a  hard  soapy 
neithes  so  consistent  ner  so  white  as  that  ftem 
•olive  oiL  Hempeeed  oil  produces  a.greeo- 
coloured  soap,  redudhb  to  a.  paste  by  a  small 
portion  of  water.  The  sMqis  prepared  with 
oik  procured  foom  beecb-mastand  dove  July- 
flowers,  are  of  a  clammy  ghitbens  consistenee, 
and  genesally  of  a  grag^-toolour.  Nut  oil 
foima  a  soap  not  proper  for  the  hands;  it  is 
of  a  ydlowiduehite  odour,  of  a 


degree  of  oonaistBace,  unctuous,  gluey,  and 
oontiaues  so  on  eotposioe  to  the  ah.  The 
soap  of  which  linseedail  foraos  a  coDsdtuent 
part  is  at  first  white»  bat  changes  to  yellow  in 
ashorttimecnesposuretDtheais.  It  possesses 
^strong  odonr,is  unctuous,  clammy,  o^udlioiia, 
dees  not  dry  in  the  air,  and  softens  with  a  wy 
small  quantity  of  water.  Fran  what  has  been 
ssid  ift  mi^  conclude,  thattiie  soaps  proMred 
widi  dssiocative  oils  are  of  a  very  indiMent 
quality,  that  they  remain  alwiiys  glutinous, 
and  Bsadily  diangs  their  adour  on  exposure 
to  the  atmospheBe,  Some  of  the  volatile  oUb 
are  not  less  susceptible  of  entering  into  con»> 
binatioBS  with  the  alkalis ;  but  as  sudi  soaps 
an  not  employed  in  die  artt,  we  shall  not  enter 
into  any  description  of  these   saponaceoua 


»AP-STON£.  SeeSTSATiTX. 
SODA.  Formerly  called  die  mhnrai 
oOpsli,  becanse  under  the  name  of  nair(m  it 
is  found  native  in  minersl  seams  or  crusts. 
The  impure  commercial  substsace  called  8«- 
riUa  is  the  incinerated  talMia  toda,  Kdp^ 
the  Inchieiatsd  sea-weed,  is  a  still  ooarscr 
article,  containing  seldom  above  Iram  8  to  6 
per  cent,  of  real  soda,  while  baziDaocoaskmally 
contains  80.  The  crystallixed  csrbonate  of 
soda  of  commerce  is  procured  ftom  the  de- 
eompositicn  of  sulphate  of  soda,  or  mniiateof 
soda.  The  fbmier  is  eflbcted  by  calcination 
with  charcoal  and  chalk  in  a  reverbcratory 
ftmiaoe;  die  latter  is  accomplished  by  die 
additkm  of  cacboQats  of  potaih.    To  ] 


pure  soda,  we  must  boil  a  solution  of  the  pue 
cai^onate  with  h$U  its  weight  ef  quicktUnep 
and  afber  subsideBoe  decent  the  dear  ley,  and 
evaporate  in  a  dean  iron  or  silver  vessel,  till 
theliquid  flows quiedy  like  ciL  It  must  then 
be  poured  out  on  a  polidied  iron  pbde.  It 
eonoetes  into  a  hard  white  cake^  which  is  to 
be  immediately  breken  in  pieces,  and  put  up, 
iHuIe  still  hot,  in  a  phial,  wldch  must  be  well 
corked.  If  the  carbonate  of  soda  be  some* 
'What  impure,  thsn,  after  the  action  of  lime^ 
andsuhMMjuent  concentration  of  the  lev,  alcohol 
nmst  be  digested  on  it,  which  will  dissolve 
only  the  caustic  pure  soda,  and  leave  die 
heterogeneous  sails.     By  distilUng  off  die 
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idfiohol  in  a  •&▼«  alenibk,  tbt  alkaU  may 
'  iJsen  be  obtuned  pure. 

This  white  solid  nibstaiwe  is,  hove?er,  not 
absolute  soda,  but  a  hydnte,  consbtmg  of 
about  100  soda  -|-  28  water;  or  of  neaily  77 
+  83,  in  100.  If  a  pieoe  of  this  soda  be 
exposed  to  ^  sir,  it  softens  and  beoomes 
pasty ;  bat  it  never  deliqiificcs  into  an  oily- 
UK^nng  liquid,  as  potash  does.  The  soda  in 
fact  soon  becomes  uier,  because  by  abeoiptioQ 
of  carbonic  add  from  the  air  it  pawce  into  an 
effloresoent  carbonate.  Soda  is  disringnishable 
horn  potash  by  sulphniic  acid,  which  forms  a 
▼ery  soluble  salt  with  the  former,  and  a 
sparin^y  sohible  one  with  the  Utter;  by 
muriate  of  platina  and  tartaile  add,  whidi 
occasion  predpitates  with  potash  salts,  but 
not  with  those  of  soda. 

The  bads  of  soda  is  a  peculisr  metal, 
called  todium^  diaoovered  by  Sir  H.  Davy  in 
.  1807,  a  few  days  afta  he  discovered  potss- 
dum.  It  may  be  procured  in  exactly  the 
same  mannor  as  potaaium,  by  dectriol  or 
chemical  decomposition  of  the  pure  hydrate. 
A  rather  hi^^  degree  of  heat,  and  greater 
voltaic  power,  are  required  to  dooompose  soda 
than  potash.  Sodium  resembLn  potassium  in 
many  of  its  characters.  .It  ii  as  white  as 
ailvei,  possesses  great  lustit,  snd  is  a  good 
conductor  of  electndty.  It  enters  iato  fiuion 
at  about  200*  Fahr.,  and  rises  in  vapour  at  a 
strong  red  heaL  Its  sp.  gr.  is,  according  to 
MM.  Gay  Lussac  and  Themud,  0.972,  at  the 
temperature  of  59®  Fahr.  In  the  cold,  it 
exercises  scarcely  any  action  on  dry  air,  or 
oxygen.  But  when  heated  strongly  in  oxygen 
Mt  chlorine,  it  bums  with  great  brillumcy. 
.^^hen  thrown  upon  water,  it  effervesces 
violently,  but  does  not  inflame,  swims  on  the 
surface,  gradually  diminMhes  with  great  agi- 
tation,  and  renders  the  water  a  solution  of 
soda.  It  acts  upon  most  substances  in  a 
manner  similar  to  potassium,  but  with  leoi 
energy.  It  tarnishes  in  the  air,  but  more 
slowly;  and,  like  potasaum,  it  is  best  pie- 
aerved  under  naphtha. 

'Sodium  forms  two  distinct  combinations 
with  oxygen ;  one  is  pure  soda,  whose  hydrate 
is  above  desciilied;  the  other  is  the  orange 
oxide  of  sodium,  observed,  like  the  preceding 
oxide,  first  by  Sir  H.  Davy  in  1807,  but  of 
which  the  true  nature  was  pointed  out,  in 
1810,  by  MM.  Gay  Lussac  and  TbenanL 

Pure  soda  may  be  formed  by  burning 
sodium  in  a  quantity  of  air,  containing  no 
more  oxygen  than  is  sufficient  for  its  con- 
version into  this  alkali ;  t.  ^.  the  metal  must 
be  in  excess :  a  strong  degree  of  heat  must  be 
employed. 

Pure  soda  is  of  a  gray  c(dour,  it  is  a  nan- 
conductor  of  dectiidty,  of  a  vitreous  fracture^ 
and  requires  a  strong  red  heat  for  its  fusion. 
When  a.  little  water  is  added  to  it,  there  is  a 
violent  action  between  the  two  bodies;  the 


wfalfto,  cryatriMM  in  Iti 

anoe,  and  mudi  more  ibdble  and 


is  then  the  substance  commonly  ca 
CttMdc  soda;  but  propcdy  aMed  thc4y#iii|r 
,  The  other  oxide  or  peraxltt  of  aodinmoM^ 
be  fonned  by  burning  aodium  in  oxyga  m 
OLCtM,  It  ia  of  a  deep  osange  eokm,  voy 
fudble,^  and  a  non^candnctoir  of  electjiuty. 
When  acted  on  by  water,  it  gives  off  aKygm, 
and  the  water  beoomea  a  sohj^on  of  aadk  It 
deflagrates  when  stron^y  heated  widi  cob. 
bustibk  bodies. 

The  propoctiona  of  oangea  in  aoda,  and  ia 
the  orsnge  peroxide  of  aodinin,  ase  essiiy 
learned  by  the  action  of  aodium  on  water  and 
on  ^xygen.  If  a  given  weight  of  ■"^"■"^  id 
a  little  glass  tube,  be  thrown  by  means  of  ibe 
finger  under  a  graduated  inverted  jar  filkd 
with  watery  the  quantity  of  hydn^sn  evdfed 
will  indicate  the  quantity  of  oxygsn  ^■?— 4hbt^ 
with  the  metal  to  form  soda;  and  what  so- 
dium  is  dowly  burned  in  a  timj  of  platan, 
(lined  with  dry  common  sslt),  in  oxysges  in 
great  excess,  finam  the  quantigr  of  oxygen  ab- 
sorbed the  composition  of  the  p^rox^  may  be 
learned.  From  Sir  H.  Bavy^s  experimats 
compared  with  those  of  MM.  Gay  linaaae  aad 
Thenard,  it  appears  that  the  prime  equi^pakm 
of  sodium  is  3-0,  and  that  of  dry  soda,  or 
protoxide  of  aodium,  4-0;  while  the  osa^ 
.oxide  or  deutoxide  is  d>0.  The  numbers  giva 
by  M.  Thenard  are,  for  the  fiiat,  lOO  roetd 
+  33*99d  oxygen;  and  fior  the  ■eoond,  IM 
jnetal  +  67*990  oxygen. 

Another  oxide  is  described  containing  lesi 
oxygen  than  soda ;  it  is  thereforea  ^mk-o^idt 
.  \Vnen  sodium  is  kept  for  some  time  in  a  sbbsU 
quantity  of  moist  air,  or  when  sodium  ia  ex> 
cess  is  heated  with  hydrate  of  soda,  a  daik 
gmyish  substance  is  formed,  more  ft^am 
mable  than  sodium,  and  vdiich  aflfoids  hy- 
dmgea  by  its  action  upon,  water. 

Only  one  combination  of  sodium  and  cfalo- 
rine  is  known.  This  is  the  important  sub- 
stance  oommoa  soft.  It  may  be  finned  directly 
by  combustion,  or.  by  deeemposii^  any  c 
pound  of  chlorine  by  sodium.  Itt  ] 
are  well  known,  and  are  already 
.undar  Acio  (Mujuatic>.  It  is  a  i 
ductor  of  electridqr,  is  fudble  at  a  Strang  rad 
heat,  is  volatiLD  at  a  white  heat,  and  crystal- 
lizes in  cubes.  Sodium  has  a  much  snonger 
attraction  for  chlorine  than  Sat  oxygen;  and 
soda,  or  its  hydrate,  is  decomposed  by  chhw 
rine,  oxygen  being  expelled  fmm  thefint,  snd 
oxygen  snd  water  from  the  second. 

Potasdum  has  a  stronger  attraction  fix 
chlorine  than  sodium  has;  and  one  mode  of 
procuring  sodium  easily,  is  by  heating  together 
to  redness  common  s^t  and  potassium.  This 
ddonde  of  jsodium,  improj^y  called  the  nm- 
riate,  ooodsto  of  4*5  dilorme  +  3-0  sodium. 
There  is  no  known  action  between  sodium  and 
hydrogen  or  azote^ 


SOI 


788 


SOI 


CNiniiiiii  comMiies  fosdity  with  Mil||ihur  md 
widi  pbosphorut,  presentifig  similar  pheno- 
mena  to  those  presented  by  potasshim.  The 
flnlphtuets  and  phosphaiets  of  sodinm  agree 
in  their  general  propertiefl  -widi  those  c^  potas- 
aiuiB,  except  that  they  aie  rather  less  inflam- 
mable* They  form,  by  burning,  addulous 
oonpoimdB  of  sulpharic  and  phosphoric  add 
and  soda. 

'  Potassram  and  sodium  combine  with  tfreat 
teility,  and  fbrm  peculiar  compounds,  iniich 
differ  in  their  propoties,  according  to  the  pro- 
portioiis  ci  the  constituents.  By  a  small  quan- 
tity of  sodium,  potassium  is  rendered  fluid  at 
oomooon  tonperatures,  and  its  sp.  gr.  is  con- 
aiderably  diminished.  Eight  parts  of  ]^otas- 
num,  aoid  one  of  sodium,  form  a  compound 
that  flwims  in  naphdia,  and  that  is  fluid  at 
the  oommon  temperature  of  the  sir.  Three 
parts  of  sodium,  and  one  of  potassium,  make 
aeompoond  fluid  at  oommon  temperatures. 
A  little  potassium  destroys  the  ductility  of 
sodiiiin,  and  renders  it  verr  brittle  and  soft 
Stnoe  linb  prime  of  potassium  is  to  that  of 
■odhinQ  as  6  to  3,  it  will  require  the  former 
quantity  of  potassium  to  eliminate  the  Utter 
quanti^  of  sodium  from  the  chloride,  l^e 
attrwtions  of  potassium,  for  all  substances 
that  have  been  examined,  are  stronger  than 
tfaoee  of  sodium. 

Soda  is  the  basis  of  oommon  salt,  of  plate 
and  crown-glass,  and  of  all  hard  soaps.  Ele^ 
menig  of  Chemical  PhU, 

80DAL1T£.  Colour  green.  Massire 
and  crystallized  in  rhomboidal  dodecahedrons. 
Shitting.  Cleayage  donble.  Fracture  small 
edtachmdai.  Translucent  As  hard  as  fel> 
spar.  Brittle.  Sp.  gr.  2-378.  It  is  infu- 
sible ;  becoming  only  dark  gray  before  the 
Uowpipe.  Its  constituents  are,  silica  38'5  or 
Se,  ataimha  87-48  or  32,  lime  2-7  or  0,  oxide 
of  iron  1  or  0-25,  soda  25*5  or  25,  muriatic 
acid  3  or  6-75 ;  vohitile  matter  2- 10  or  0,  loss 
1.7  or  O.—  T/ionuon  and  Ekeherg.^lt  was 
disoorered  in  West  Cheenland  by  Sir  Charles 
Gieadie,  in  a  bed  in  mica  slate. 
SODIUM.  See  Soda. 
SOIL.  The  soil  or  earth  hi  which  yege- 
tablea  grow,  yaries  considerably  in  its  com- 
poaition,  or  in  the  proportions  of  the  diflbrent 
earths  (rf  which  it  consists;  and  some  plants 
are  found  to  lii^e  best  in  one  kind  of  soil, 
others  in  another.  Under  Analytis,  the  me- 
thods of  analyzing  soils,  so  as  to  ascertain 
dieir  composition,  will  be  found,  as  given  by 
Sir  H.  Davy;  and  we  shall  here  subjoin  the 
rules  he  has  laid  down  for  their  improvement, 
as  connected  with  the  principles  of  which  they 
consist 

In  coses  where  a  barren  sol  is  examhied 
with  a  view  to  its  improvement,  it  ought  in 
all  cases,  if  poKsible,  to  be  compared  with  an 
extiemdy  fertile  soil  in  the  same  neighbour- 
hood, axid  in  a  similar  situation :  the  diflcr- 
cnce  given  by  thicix  analyses  would  indicate 


the  methods  of  cnhtvation)  and  thna  die  jdaa 
of  improvement  would  be  founded  upon  ae- 
•curate  scientific  principles. 

If  the  fertile  soil  contained  a  large  quantity 
■  of  sand,  in  proportion  to  the  barren  soil,  the 
process  of  melioration  would  depend  simply 
upon  a  supply  of  this  substance;  and  the 
method  would  be  equally  simple  with  regard 
to  soils  deficient  in  day  or  calcareous  matter. 

In  the  application  of  day,  sand,  loam, 
marie,  or  duuk,  to  lands,  there  are  no  psrti- 
'  cular  chemical  prindples  to  be  observed ;  hut' 
when  quicklime  is  used,  great  cste  must  be 
taken,  that  it  is  not  obtained  from  the  mag- 
nesian  limestone;  for  m  this  case,  as  has  been, 
shown  by  Mr.  Tennant,  it  is  exceedingly  in- 
jurious to  land.  The  magneslan  limestone 
may  be  distinguished  from  me  common  lime- 
stone by  its  greater  hardness,  and  by  the  length 
of  time  that  it  requires  for  its  solution  in  adds ; 
and  it  may  be  analyzed' by  the  process  for  car- 
bonate of  lime  and  masnesia. 

When  the  analytiod  comparison  Indicates 
an  excess  of  vegetable  matter  as  the  cause  of 
sterility,  it  may  be  destroyed  by  much  pul- 
verisation and  exposure  to  air,  by  paring  and 
burning,  or  the  agency  of  lately  made  quid[- 
lime.  And  the  defect  of  animal  and  vegetable 
matter  must  be  supplied  by  animal  or  vegetable 
manure. 

•  The  general  indications  of  fertility  and  bar- 
renness, as  found  by  chemical  experiments, 
must  neoesssrily  differ  in  ^fi^rent  dimates, 
and  under  difierent  circumstances.  The  power 
of  soils  to  absorb  moisture,  a  prindple  essen- 
tial to  their  productiveness,  ought  to  be  much 
greater  in  warm  and  dty  countries  than  in  cold 
and  mobt  ones ;  and  the  quantity  of  fine  alu- 
minous earth  they  contain  should  be  larger. 
Soils  likewise  that  are  situate  on  dedivities 
ought  to  be  more  absorbent  than  those  in  the 
same  climate  on  pluns  or  in  valleys. 

The  productiveness  of  soils  must  likewise 
be  influenced  by  the  nature  of  the  sub-soil,  or 
the  earthy  or  stony  strata  on  which  they  rest ; 
and  this  circumstance  ought  to  be  particularly 
attended  to,  in  considering  their  chemieal  na- 
ture, and  the  system  of  improvement  Thus 
a  landy  soil  may  owe  its  fertility  to  the  power 
of  the  sub-soil  to  retain  water;  and  an  ab- 
sorbent clayey  soil  may  occasionally  be  pre- 
vented from  behig  banen,  in  a  moist  dimate, 
by  the  influence  of  a  sub-stratum  of  sand  or 
graveL 

Those  soib  that  are  most  productive  of  com, 
contain  always  certain  proportions  of  alumhious 
or  cslearoous  earth  in  a  finely  divided  state* 
and  a  certain  quantity  of  vegetable  or  animal 


The  quantity  of  calcsreous  earth  is  however 
veiy  various,  and  in  some  cases  exceeding 
smalL  A  very  fertile  com  sdl  flrom  Ormiston 
in  East  Lothian  afforded  in  a  htmdred  parts 
only  deven  parts  of  mild  calcareous  earth ; 
the  findy  divided  day  amounted  to  forty-five 


iphateoflime. 

TUb  soil  wtm  of  a  Teiy  fine  textuict,  and 
OQDtained  vary  few  stones  or  vegetable  fibres. 
It  is  not  unlikely,  that  iu  futility  was  in 


measure  connected  with  the  phosphate;  for 
this  substance  is  found  in  wheat,  oats,  and 
hadey,  and  may  be  a  part  of  their  food. 
.  AsDillromthelowlandsofSom«tsetahire» 
odebiated  for  producing  ezcej^t  crops  of 
wheat  and  beans  without  iuaDuie»  I  found  to 
oomiBt  0f  one-ninth  of  land,  chiefly  silieeoua, 
and  ei([^t-ninths  of  calcateous  marie  tinged 
wkh  iron,  and  containing  about  five  parts  in 
the  hundred  of  vegetable  matter.  I  could  not 
detect  in  it  any  plmphate  or  sulphate  of  lime, 
so  that  its  forlility  must  have  depended  prin- 
cipaUy  upon  its  power  of  attacting  principles 
or  vegetable  noorishment  fran  water  and  the 


Mr.  Tillet,  in  some  experiments  made  on 
Che  compositioQ  of  soils  at  Paris,  found,  that 
a  soil  composed  of  three-eighths  of  day,  two- 
eighths  or  river  sand,  and  threci^ighths  of 
^e  parings  of  limestone,  was  veiy  proper  for 
wheat. 

In  gencralt  bulbous  roots  require  a  soil 
much  more  sandy,  and  less  abeorbenl;  tfasa 
the  grasses.  A  veiy  good  potato  soil*  from 
Varsel  in  Cornwall,  afforded  scven-eigfaths  of 
flJlioeooB  sand ;  and  its  absorbent  power  was 
eo  small,  that  100  parts  ket  only  2  by  drying 
at  400"  Fahrenheit. 

Plants  and  trees,  the  roots  ef  which  are 
fibrous  add  hard,  and  capable  of  penetrating 
deep  into  the  earth,  will  vegetate  to  advantage 
in  almost  all  common  scrik  mat  are  moderate^ 
dry,  and  do  not  contain  a  very  great  erceastxf 
¥^etable  matter. 

The  soil  taken  from  a  field  at  Sheffield- 
place  in  Sussex,  remarkable  for  producing 
fiottrishing  oaks,  was  found  to  consist  of  six 
parts  of  Bttid,  and  one  part  of  clay  and  findy 
divided  matter.  And  100  parts  of  the  entire 
soil  submitted  to  analysis,  produced  water  3, 
sUex  54,  alumina  28,  carbonate  of  lime  3, 
oxide  of  iron  6,  decomposing  vegetable  matta 
4,  loss  3. 

From  the  great  djfierenoe  of  tiie  causes  diat 
influence  the  productiveness  of  lands,  it  is  ob- 
vioua,  that  in  the  present  state  of  sciences  no 
certain  system  can  be  devised  for  their  im- 
provement, independent  of  experiment;  but 
there  are  few  cases,  in  which  the  labour  of 
analytical  trials  will  not  be  amply  repaid  by 
the  certainty  with  which  they  denote  the  best 
methods  of  melioration ;  and  this  will  parti- 
cularly happen,  when  Uie  defect  of  compo- 
sition is  found  in  the  proportions  of  the  pri- 
mitive earths. 

In  supplying  animal  or  vegetable  manure, 
ft  temporary  fdwl  only  is  provided  for  planta, 
which  is  in  all  cases  exhausted  by  means  of  a 


ftrtaity  may  be  ooBsidered  as  pcnnanaitly 
eatablisbed*  It  becomes  capable  of  atowdng 
a  very  large  portioD  of  vegetable  wnosb- 
ment  from  the  attiosphere,  and  of  pfnodBcang 
ita  crops  with  compaiatcrely  little  laboiir  aad 
expense. 

s6liANIN£.  A  sttbtlaooe  vliich  M. 
Baup  thinks  he  has  extrac^od  ham  potatoea 
Nothing  is  known  about  it 

SOLDERS,  and  SOLDERINGl  Soidm 
consist  merdy  of  shnple  or  mixed  mctela,  by 
which  alone  metallic  bodies  can  be  fiznly 
unitod  with  eadi  other.  In  dus  icspeet  it  it 
a  general  rule,  that  the  solder  dioald  always 
be  easier  of  fosion  than  the  metal  tntcBded  to 
be  soldered  by  it;  next  to  Ibis,  csoe  nnt  also 
be  taken,  that  the  soUsr  be  as  ftr  as  ia  poe- 
BiUe  €i  the  same  eoloar  with  llie  melal  that » 
to  be  soldered. 

For  the  simple  scdders,  eadi  of  the  metals 
ooay  be  used,  aooovding  to  the  natoie  of  that 
which  is  to  be  soldered.  For  fine  sted,  ooppo; 
and  brass  work,  gold  and  silver  may  be  cm- 
ployed.  In  the  large  way,  however,  im  is 
soldered  with  copper,  and  copper  i 
with  tin. 

The  most  usual  solders  are  the  i 
which  are  distinguished  into  two 
classes,  vis.  hard  and  soft  soldcta. 
solders  are  ductile,  will  bear  1 
are  commonly  prepared  of  the  i 
that  which  is  to  be  soldered,  with  the  addilifln 
of  some  other,  by  whidi  a  greater  dcj^tee  of 
fusibility  is  obtained,  though  the  addkioft  is 
not  alwa}^  requited  to  be  itadf  earier  of  fiuio& 
UndQT  this  head  comeft  the  hard  soUsr  Argold^ 
which  is  pttgpared  from  gtdd  and  silver^  or 
gold  and  copper,  or  gold,  sfivoc,  and  copper. 
The  hard  soHer  fi>r  silver  is  prepaied  from 
equal  parts  of  silver  and  brass,  but  made  easier 
ef  fusku  by  the  admixture  of  a  aixtccndi  part 
of  sine  The  hard  solder  for  tanas  is  obtained 
from  Inrass  mixed  with  a  sixth,  or  an  ci^bth, 
or  even  one-half  of  zinc,  whidi  m^  aln  be 
used  for  the  hard  solder  of  copper.  It  is  eoLl 
in  the  shops  in  a  granulated  tern,  mder  the 
name  of  spelter-edder. 

The  soft  sokkrs  mek  easily,  bnt  sie  psitly 
brittle,  and  therefore  cannot  be  hemncRd. 
Of  this  kind  are  the  following  naxtoiia : — 
Tin  and  lead  in  equal  parts;  of  stiU  saner 
fusion  is  that  oonsistjog  of  bismuth,  tin,  and 
lead,  equal  parts;  one  ortwopartaoifbiniith 
of  tin  and  lead,  ^di  one  part. 

In  the  operation  of  sokleringt  the  suifa<*% 
of  the  metal  intended  to  be  joined  must  be 
made  very  dean,  and  applied  to  each  other. 
It  is  usual  to  secure  them  by  a  l^atare  of 
iron  wire,  or  other  similar  oontrivanoe.  The 
solder  is  laid  upon  the  joint,  together  with  sal 
ammoniac  or  borax,  or  common  i^ass,  accani- 
iug  to  the  degree  of  hcai  intended.    These 
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flis  mrtal  ftiflki  ooddRtloii. 
Olaiiea  uie  nrin;  and'  pIlEli  li 


kfoil  applied  between  the  jobts  of  fine 

InrttSB  wnrkf  first  wetted  witfi  ft  stioE^  aolntloii 

of  sal  ammoniac,  makes  an  ezcelleot  juoctuze, 

care  bong  taken  to  avoid  too  rnndi  heat 

HOLIDS  AVD  80UDITY.     Bee  Ca- 

XOKIC,  and  CBYflTALLiZATIOy. 

SOLUTION.  See  Salt,  CaTSTALLi- 
SATIOK,  and  Attraction. 

SOMMITE.    Nephelike. 

SOMERVILLITE.  A  new  mineral  from 
VeauTiiu.  Primary  form  a  right  square  prism. 
Colour  dull  yellow ;  occurring  in  cayities  with 
crystallised  black  ooica.  It  decrepitates  at  the 
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)T  of  Wood.    An  analysis  of  it  is 
given  in  the  Annales  de  Chim.  et  Phys.  zxxL 
52,  by  M.  Bnoonnot.    Its  constituents  are, 
!•  Ulmin,  like  that  produced  arti. 
ficially  from  sawdust  and  pot* 
Mh,  estimated  at 

2.  Animalised  matter,  soluble  in 

water,  insoluble  in  alcohol 

3.  Carbonate  of  Ume,  with  traces 
of  carb.  of  magnesia 
Water 

Acetate  of  lime 
Sulphate  of  lime 
Acetate  of  potash 
Carbonaceous  matter  insoluble 


4. 
& 
6. 
7- 
8. 


9.  Fenruginous  phosphate  of  lime 

10.  SUica 

11.  Aceute  of  magnesia 

12.  Peculiar  bitter  principle  (asbo. 
line)  about 

13.  Chloride  of  potassium     • 

14.  Acetate  ofammonia,  estimated  at 
Id.  Acetate  of  iron,  a  trace 


3-85 
150 
0-95 
#.63 

050 
0-36 
0-20 


100-00 

A  watery  infusion  of  soot  is  eminently  anti. 
septic,  according  to  AI.  Braconnot,  and  may 
be  used  for  preserving  animal  matters  from 
decomposition. 

SORBATES.  Compoimds  of  sorbic,  or 
mallic  add,  with  the  salifiable  bases.  See 
Acid  (Sohbic). 

SOR  Y.  The  ancient  name  of  sulphate  of 
iron. 

SPAR  (FLUOR).    Sec  Fluor. 

SPAR  (PONDEROUS).  See  Heavy 
Spar. 

SPARRY  ANHYDRITE,  or  CUBE. 
SPAR.  A  sub-species  of  prismatic  gypsum. 
Colour  white,  passing  into  blue  or  red.  Mas- 
sive, in  distinct  concretioDSy  and  crystallized. 
The  primitive  figure  is  an  oblique  prism,  in 
vhich  the  angles  are  \0&*  W  and  7'J^  50'. 
The  secondary  forms  are,  a  rectangular  four- 
sidid  prisRi,  a  broad  six-sided  prism,  an  eight- 
sided  prism,  and  a  broad  rectangular  four- 
udcd  prism,  acuminated.    Splendent,  pearly. 


l^esfs^AnefbUU  £^gniflDts«ibieal.  Fiw. 

toieconchoidaL  T^anspsrenu  Refisds  double. 
ScnUches  cskaisous  spar,  but  not  fluor.  Brit- 
tle. Sp.  gr.  2-7  t»  3*0^  It  doea  not  exIUiate 
beft)re  the  blowpipe,  and  mdt  like  gypsuu^ 
but  beoomes  ghned  over  with  a  white  flciable 
cnameL  Its  constituents  are,  lime  41-75^  suL 
phuiicaGid6G,  muriate  of  soda  l^^^KJaproih. 
It  is  sometiines  met  with  in  the  gypsuHi  of 
Kotrihghamshiw.  It  ocean  in  the  sidt  miitos 
itfHalle^&c. 

SPARRY  IRON.  Caibooate  of  iran. 
Colour  psle  yelknrish.gray.  Massive,  dis*. 
•aeminated,  and  erystailieed.  The  primitive 
fbrm  is  a  riiombold  of  107".  The  following 
we  some  of  the  seoondary  forma.  The  pri- 
mitive, perfeet,  or  tnsncated;  a  stUl  flatter 
thomboia;  the  sphericsl  lendnilar  form ;  the 
saddle-shaped  lois,  and  the  equiangular  six- 
sided  prism.  Ofistening,  at  splendent,  or 
pearlv.  Cleavage  thieefolL  Fracture  foliated, 
or  splintery.  Translucent  on  the  edges.  Streak 
white  or  jeUowish-brown.  Harder  than  csl- 
careous  spar.  Easily  frangible.  Sp.  gr.  3*6 
to  3-9.  It  blackens  and  becomes  magnetic 
before  the  blowpipe,  but  does  not  melt;  It 
efiervesoes  with  muriatic  add.  Its  consti- 
tuents are,  oxide  of  iron  57*5,  carbonic  acid 
36,  oxide  of  manganese  3-5,  lime  1-25. — 
Klaproth*  It  ocean  in  veins  in  granite,  gneiss, 
&&  associated  with  ores  of  lead,  cobalt,  sUver, 
copper,  A&  But  die  most  extensive  fonmu 
tions  of  this  minenal  are  in  timertonc^  It  is 
found  in  small  quantities  in  Eneland,  Seoti. 
land,  and  Ireland ;  in  Saxony,  Bobemi%  &c.^ 
and  in  large  quantities  hi  Fiichtelgebirge ;  and 
at  SchmaUcalden  in  Hessia.  It  affords  an  iron 
well  suited  for  conversbn  into  steeL — Jamem 

SPECIFIC  GRAVITY  is  the  density  of 
the  matter  of  which  any  body  is  composed, 
compared  to  the  density  of  another  body, 
assumed  as  the  standard.  This  standard  is 
pure  distilled  water,  at  the  temperature  of  00<> 
F.  To  determine  the  specific  gravity  of  i» 
solid,  we  weigh  it,  first  in  air,  and  then  in 
water.  In  the  latter  case  it  loses,  of  its  weight, 
a  quantity  precii^y  equal  to  the  weight  of  its 
own  bulk  of  water;  and  hence,  by  comparing 
this  weight  with  its  total  weight,  we  find  its 
specific  gravity.  The  rule  therefore  is,  Divide 
the  total  weight  by  the  Um  of  weight  in  water, 
ihe  quotient  is  the  specific  gravity.  If  it  be  a 
liquid  or  a  gaa,  we  weighit  in  a  glass  or  other 
vessel  of  known  capacity;  and  dividing  that 
weight  by  the  wei^t  of  the  same  bulk  of 
water,  the  quotient  is,  as  before,  the  specific 
gravity.  Sec  Htdroxetsr,  for  another 
modification  of  the  same  rule. 

To  calculate  the  mean  specific  gravity  of  a 
compound  from  those  of  its  components,  is  a 
problem  of  perpetual  recurrence  in  chemistry. 
It  is  only , by  a  comparison  of  the  result  of  that 
calculation,  with  tlie  specific  gravity  of  the 
compound  experimentally  ascertained,  that  we 
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cm  diieovcr  wlieilier  tfaecomliiiiatifln  km  been 
•oeooipuiied  with  ezpanaioo  or  coodeBBadon 
of  Ycdome.  As  aereral  raqwctabk  experi- 
mental  chcnusts  (see  Allot  and  Amscoxza) 
■eem  defidcDt  in  thia  part  of  chemical  oom- 
putadoD,  I  ahaU  hoe  inaert  a  ahort  abatiactof 
a  paper  vrhicfa  I  pnUiahed  on  this  subject  in 
the  7th  number  of  the  Joonal  of  Science^ 

The  apecific  grantjof  one  bodj  is  to  that 
of  another,  aa  the  weioht  of  the  fint,  divided 
hj  its  volume,  is  to  me  wdght  of  the  aecond, 
divided  by  its  volume ;  and  the  mean  specific 
giavi^  of  the  two  is  found,  by  dividing  the 
torn  of  the  weights  by  the  nun  of  the  volumes. 

Let  W9  V,  be  the  two  weigjbta;  V,  v,  the 
two  volumea ;  P,  p,  thetwo sptdSe gravities; 
and  M,  the  ralailatgd  mean  specific  gravity. 
Then 

M  =---ZJ?;  the  formula  by  which  I  com- 
puted the  second  column  of  Table  II. 

And  V  4- 11=^4.  «_  W>J-wP 
P        P  '^        Pp 

Hence, 

V  +v      Wp-^-vF"-  Pir+  pW 

When  the  difierence  in  deoaity  between 
Ibe  two  substances  is  considerable,  aa  it  is 
with  sulphuric  add  and  water,  the  enors  pro- 
dneed  by  aasaming  the  arithmetical  mean  for 
the  true  caicnlatfd  mean  are  excessive.  If 
we  take  copper  and  tin,  however,  then  the 

arithmetical  mean,   ^'^  "^  ^'^    =  8-09, 

2 
diflen   very  little  from  8'01,  the  aoeorate 
mean  density. 

By  a  similar  error,  I  suppose,  in  calculating 
the  mean  density  of  liquid  muriatic  add  in  its 
different  stages  of  dilution,  the  celebrated  Kir- 
wan  has  long  misled  the  chemical  world.  He 
asserted  that  the  mean  spedfic  gravity  of  the 
components  being  also  the  experimental  mean, 
there  is  no  condensatifln  of  vdnme,  as  with 
other  add  dilutions.  And  the  illustrious  Ber- 
thollet  has  even  assigned  a  cause  for  this  sup- 


podtiootiact.  T  Hod,  <»  the 
50  of  add,  sp.  gr.  M920,  widi  50  of'waiex, 
give  out  heat,  and  have  their  Toluiiie  dimi. 
nished  in  the  ratio  oTlOO  to  99-28.  The  ex. 
perimeotal  specific  gravis  is  l-09iM;  thai^ 
by  the  exact  rule,  is  only  1-0875. 

The  preceding  formula  may  be  pceaeBied 
under  a  still  more  oonvfauent  fonn.  P^ 
being  the  spedfic  gmvities  of  the  two  ooiu. 

ponents,   we  have  P  =  -1  and  ^  =  _  ; 

whence  V=:5[,r=  * 

P  P 

In  the  condition  whenW  =  v  =  1,  wehavr 

then    V=J_, 
P 
thcvcfoic, 

2  A  -  (P-p)  X 


"■""p.-fi^.. 

'    This  value  being  constantly  negative  proves 
that  the   true  .value,  of  iiie  specific  gravttj 

of  the  mixture,    represented  by    ^    "^  * 


I     1 

V        J, 

and,  eeoMqacadr, 

»4* 

gm^Uff   than 


the  folae    vafai^ 


is   always 

U^  +  '^X 

2\V         v/ 

Example  of  the  last  formula : 

Gold  «Mi  direr,  l?±±i^=  14.0  = 

fislae  or  arithmetical  mean  spedfic  gravity. 
(P-y)*  _.  (Ig-a^lO-S)*      (8.8>«  _  77^44 
P-f-p  298  •"  29  8  ~29  8 

=  2-6  =  2a;  and  A  =  !-3,  wbidi  being 
subtracted  irom  the  arithmetical  mean  14-9, 
leaves  13-6  for  die  true  mean  sp.  gr.  as  directly 

obtained  by  the  fonnnIal!LL!^ . 
P»+pW 


SulphuHe  Add  Table,  Ouming  the  erroneout  Retultt  of  the  Common  Method. 
See  Alloy. 


Add  in 

Aiithin. 

Expert. 

ApparaoC 

Acidio 

Arith. 

Ezperi. 

Appuent 
volume. 

100. 

mean 

meoud 

volume. 

100. 

raeen 

mental 

density. 

density. 

density. 

denaity. 

100 

1-8480 

100 

60 

1-4240 

1-3834 

1026 

90 

17832 

18116 

973 

40 

1-3392 

1-2999 

103-02 

80 

16784 

1-7120 

98-0 

30 

1-2544 

12184 

102-96 

70 

16936 

16975 

99.7 

20 

1-1696 

11410 

102-60 

60 

1-6088 

14860 

1016 

10 

1-0848 

10680 

101-67 
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SPECULAR  IRON  ORE.    See  Obes 

OF  IrOK. 

SPECULUM.  Mr.  Edwanls  affinns,that 
different  kinds  of  copper  require  different 
doses  of  tin  to  produce  tlie  most  perfect 
whiteness.  If  the  doee  of  tin  be  too  small, 
which  is  the  fault  most  easily  remedied,  the 
composition  will  be  yellowish ;  if  it  be  too 
great,  the  composition  will  be  of  a  gray -blue 
colour,  and  dull  appearance.  He  casts  the 
speculum  in  Kand,  with  the  face  downwards ; 
takes  it  out  while  red-hot,  and  places  it  in  hot 
wood  ashes  to  cool ;  without  which  precaution 
it  would  break  in  cooling. 

Mr.  Little  recommends  the  following  pro- 
portions :-»32  parts  of  the  best  bar  copper, 
4  parts  of  the  brass  of  pin-wire,  16^  of  tin, 
and  1-^  of  arsenic.  Silver  he  rejects,  as  it  has 
an  extraordinary  effect  of  softening  the  metal ; 
and  he  found  that  the  compound  was  not 
susceptible  of  the  highest  polish,  unless  it  was 
extremely  brittle.  He  lirst  melts  the  brass, 
and  adds  to  it  about  aa  equal  weight  of  tin. 
When  this  mixture  is  cold,  ne  puts  it  into  the 
copper,  previously  fused  with  black  flux,  adds 
next  the  remsinder  of  the  tin,  and  lasdy  the 
arsenic.  This  mixture  he  granulates,  by 
pouring  into  cold  water,  as  Mr.  Edwards  did, 
and  fuses  it  a  second  time  for  casting. 

SPERMACETI.    SceFAT. 

S PH  EN E .     Prismatic  titanium  ore. 

SPIICERULITE.     Colours   brown   and 

gay.  In  imbedded  roundish  balls  and  grains. 
limmering.  Fracture  even,  splintery.  Opaque. 
Soatches  quarts  with  difficulty.  Britde.  Sp. 
gr.  2*4  to  2-5.  N<»rly  infusible..  It  occurs 
m  pearlstone  and  pitchstonc  porphyries,  in  the 
vicinikj  ik  GlasshUtte  near  Scheouutz ;  and  in 
the  pitchstone  of  Meissen. 

SPHRAOIDE.    SjeLEMNiAKEAETH. 

SPINEL.  A  sub-species  of  octohedral 
corundum.  Colour  red.  Occurs  in  grams, 
more  frequendy  crystallized;  in  a  perfect 
octohedron,  which  is  the  fundamental  figure ; 
in  a  tetrahedron,  perfect  or  modified ;  a  thick 
equiangular  six-sided  table ;  a  very  oblique 
four-sided  table  $  a  rhomboidal  dodeohedron ; 
a  rectangular  four-sided  prism.    Splendent 


and  vitreous.  Cleavage  four-fold.  Fracture  flat 
conchoidal.  Translucent  to  transparent.  Re. 
fracts  single.  Scratches  topaz,  but  is  scratched 
by  sapphire.  Britde  Sp.  gr.  3-5  to  3-8. 
Fusible  with  borax.  Its  constituents  are, 
alumina  82-47)  magnena  8*78,  chromic  add 
(>*18,  loss  2'57,—  Vauquelin,  It  is  found  in 
the  gneiss  district  of  Acker  in  Sudermannland, 
in  a  primitive  limestone ;  in  the  kingdom  of 
Pegu;  and  in  Ceylon.  It  is  used  as  a 
precious  stone-  MTien  it  weighs  four  carats 
(about  16  grains),  it  is  considered  of  equal 
value  with  a  diamond  of  half  the  weight. — 
Jamewn, 

6PINELLANE.  Colour  plum-blue.  It 
occurs  crystallized  in  rhomboids  of  117*  23', 
and  G29  37' ;  and  in  six-sided  prisms  acumin- 
ated with  tliree  planes.  It  scratches  glass. 
It  is  found  on  the  shores  of  the  lake  of  Laach, 
in  a  rock  composed  of  glassy  felspar,  quartz, 
hornblende,  &c  It  is  said  to  be  a  variety  of 
Ilaiiyne. 

SPINTHERE.  Colour  greenish-gray.  In 
small  oblique  double  four-sided  pyramids.  It 
does  not  scratch  glass.  It  occurs  in  the  de- 
partment of  Isere  in  France,  incrusting  cal- 
careous spar  crystals.  It  is  believed  to  be  a 
variety  of  sphene. 

SPIRIT  OF  MINDERERUS.  A  solu- 
tion of  acetate  of  ammonia,  made  by  adding 
concrete  carbonate  of  ammonia  to  distilled 
vinegar  till  saturation  takes  place. 

SPIRIT  OF  NITRE.  See  Acid  (Ni- 
tric). 

SPIRIT  (PYRO  ACETIC).  Some  dry 
acetates  exposed  to  heat  in  a  retort  yield  a 
quantity  of  a  light  volatile  spirit,  to  which  the 
above  name  is  given.  When  the  acetate  is 
easily  decomposed  by  the  fire,  it  affords  much 
acid  and  little  spirit ;  and  on  (he  contrary  it 
yidds  much  spirit  and  little  add,  when  a 
strong  heat  is  required  for  its  decomposition. 
The  aceutes  of  nickd,  copper,  &c.  are  in  the 
first  condition;  those  of  barytes,  potash,  soda, 
stroDtian,  lime,  manganese,  and  zinc,  are  in 
the  second.  The  following  toWe  of  M. 
Chenevix,  exliibita  the  products  of  the  distil- 
lation of  various  acetates. 
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Tabk  tfPyrt-AttlU  Sfiflt. 


L(M»  hj  the  fire. 

Aoetateof 

>ilv*'r. 

Acetate  of 

Acetate  of 
Copper. 

AcclAte  of 
Lead. 

Peracefaie 
of  Iron. 

Acetate  of 

Zinc 

Aeetarect 

0-36 

0-61 

0.64 

0-37 

0-49 

0-d6S 

•  r    bUte  of  the 
11        base  (a). 

1/ 

metaUic 

005 

10656 
107-309 
0 

8 
12 
20 

metallic. 

metallic. 

metallic. 

bl.  oxide. 

wh.  oxide- 

br.  oxide. 

c{  V  Rerid.  Carbon. 

Sg^sp.gr. 
5'|i  Ratio  of  acid. 
"*  B.'  Pyro.  spit. 

•  a  rCartKacldift). 
SlJ  Carb.  hydro. 
||(_  Total  gaj. 

0-14 

1-0398 
44731 
almafttO 

35 
60 
95 

0055 

10556 
84863 
017 

10 
34 
44 

0-04 

0-9407 

3045 

0-555 

20 

8 

28 

0-02 

1011 

27236 

0-24 

18 
34 

52 

005 

0-8452 

2258 

0-695 

16 
28 
44     ' 

0*095 

0*8204 
1-38  i 
094 

90 
33 
53 

We  cee^  that  of  all  the  acetates,  that  of 
»ilTeT  gives  the  moet  ooocentiBted  and  poiest 
acetic  add,  since  it  comaina  no  pyr»-acetic 
8|nrit. 

This  Rpirit  is  Umpid  and  colourless.  Its 
taste  is  at  first  acrid  and  burning,  then  cool- 
ing, and  in  some  measure  urinous.  Its  odour 
approaches  ^at  of  peppermint  mingled  with 
bitter  almonds.  Its  sp.  gr.  is  0-7864.  It 
bums  with  a  flame  interiorly  blue,  but  white 
on  the  outeide.  It  boilK  ol  138-2  F.  and  does 
not  congeal  at  5®  F.  With  water  it  combines 
m  every  proportion,  as  well  as  with  alcohol, 
«kd  most  of  the  essential  oils.  ItdlssoWes 
but  a  little  of  sulphur  and  pho^horus,  but 
camphor  in  very  large  quantity. 

Ouistic  potash  has  very  little  action  on  the 
pyro-acetic  spirit  Sulphuric  and  nitric  acids 
decompose  it;  bot  muriatic  acid  forms  with 
this  body  a  compound,  which  is  not  add,  and 
in  which  we  csn  demonstrate  the  presence  of 
the  muriatic  add  only  by  igneous  docompo- 
sition.  Hence  we  perceive  that  pyroaoetic 
spirit  Is  a  peculiar  suftstance^  which  resembles 
the  ethers,  alcohol^  and  volatile  oils.  To 
obtain  it  cheaply,  we  may  eioploy  the  acetate 
of  lead  of  commerce.  After  having  distilled 
this  salt  in  an  earthen  retort,  and  collected  the 
liquid  products  in  a  globe,  communicating  by 
a  tube  with  a  flask  surrounded  with  ice,  we 
saturate  these  products  with  a  solution  of 
potash  or  soda,  and  then  separate  the  spirit  by 
means  of  a  second  distillation,  taking  care  to 
use  a  regulated  heat.    As  it  usually  carries 

(a.)  Almost  all  the  metallic  residuums  are 
pyrophoric.  or  susceptible  of  inflaming  by 
contact  of  ah-,  after  complete  refrigeration ; 
which  M.  Chenevix  ascribes  to  the  finely 
divided  charcoal  mixed  with  the  metallic  part. 

(&)  The  Quantities  marked  here  are  ex- 
pressed in  VDbimcs. 


over  with  it  a  little  water,  it  is  proper  to 
rectify  it  from  dry  muriate  of  lime.  Amm^  it 
Chimie,  torn.  09.    See  Ptw)xii.ic  ntrit. 

SPIRIT  or  SAL  AMMOMAC.  Waicr 
of  ammonia. 

SPIRIT  (VOLATILE)  of  SAL  AM- 
MONIAC    See  AvMOsiiA^ 

SPIRIT  OF  SALT.     See  Aci»  (Mr- 

RIATIC). 

SPIRIT  OF  WINE.    Alcohol. 

SPODUMENE.  Prismatic  triphaoe  spar. 

Muh  9.    Colour  between  greenish* white  acd 

monntatn-gTBy.  Massive,  diasemiaatBd  asd 
in  large  granular  concretiona.  GHsleainf. 
pearly.  Cleavage,  direefold.  Fracture  fine 
grained  uneven.  Ttansluoent.  As  hard  as 
fcUpar.  Most  eauly  frangible  Sp.  gr.  34) 
to  3- 1 .  Before  the  blowpipe,  it  first  aepanus 
into  small  gold- yellow  coloured  fidia;  and  If 
the  heat  in  continued,4hey  melt  into  a  gremiah- 
white  coloured  glafl«.  Its  oonatitiKnts  are. 
silica  64-4,  alumina  24-4,  lime  3,  potash  5, 
oxide  of  iron  3-2.— r0ii^ifc/«ii.  It  was  fiist 
discovered  in  the  island  of  Uton  in  Sodcr- 
mannland,  where  it  h  aasodated  wi^  red 
felapai  and  quartz.  It  haa  been  latdy  fimnd 
in  ^e  vicinity  of  Dublin,  by  Dr.  Taylor.  It 
contains  the  new  alkali  iUhioy  by  some  reoeot 
analyses. 

SPONGE.  A  soft,  light,  very  porooa,  and 
compressdble substance,  rndily  imbibing  water, 
and  distending  thereby.  It  is  found  s!dhaing 
to  rocks,  particularly  in  the  Meditetimncan 
Sea,  about  the  islands  of  the  Archipdago.  It 
was  formerly  supposed  to  be  a  vegetable  pio> 
duction,  but  is  now  dassed  among  the 
zoophytes ;  and  analysed,  it  yields  the  same 
principles  with  animal  substances  in  scncial. 

Sponges  may  be  bleached  by  soaking  and 
squeezing  them  first  in  cold  water  for  seTcrai 
days,  and  then  in  warm  water.  If  they  be 
now  washed  with  cold  water,  slightly  addulated 
with  sulphuric  add,  starch  will  datett  iodine 
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in  te  Uqoid  irMdk  oontakw  hydriodate  of 
]M»tMh.  The  criouMQi  matter  contained  in 
the  sponge  is  beet  removed  by  a  dilute  iHbiiatic 
acM.  After  waabing  in  water,  they  are  to  be 
put  into  aqueous  iiuiphuroHfl  add,  sp.  gr. 
1-034,  and  left  for  8  dayit,  doling  which  time 
tibey  axe  to  be  oceasionany  sqnee«d. 

When  weU  blanched,  they  are  to  be  #afthed 
in  miKh  irater,  moistened  with  orange-flower 
water,  and  slowly  dried  in  the  air.  Vogel^ 
mfoum,  de  Pharm.  z.  499. 

STALACTITES.  Theoe  lacf  found  sus- 
pended Irom  vaulta,  being  foimed  by  the 
•osing  of  water  diarged  with  calcareous  par- 
tides,  and  gradually  evapomting,  leaving  tnoee 
particles  bdiiiid* 

STANNANE.     Protochloride  of  tin. 

STARCH.  This  is  a  white,  insijiid,  com- 
iMisdble  BttbstaMe,  insoluble  in  cold  water,  but 
Ammng  a  ]cfly  with  beiling  water.  It  exists 
ddefl^  in  the  wliite  and  brittle  parts  of 
▼egetables,  particalarly  in  tuberose  roots,  and 
fbe  seedii  of  the  gramineous  j^ants.  It  may 
be  extracted  by  pounding  these  parts,  and 
agitating  Aem  in  cold  water;  when  the  pa- 
renchyma,  or  fibrous  parts,  will  first  subsiae ; 
«nd  these  bdng  removed,  a  fine  white  powder, 
ditfUsed  through  the  water,  will  gradually 
subside,  which  is  (he  starch.  Or  the  pounded 
•r  grated  substance,  as  the  roots  of  arum, 
potatwes,  acorns,  or  hotse  chestnuts,  for  in- 
stsmee,  may  be  put  into  a  haiTi^leve.  and  the 
itareh  washed  tbmugh  with  cold  water,  leaving 
the  grosser  matters  bddnd.  Fartnaceons 
seeds  may  be  ground  and  treated  in  a  similar 
maniNA  Oily  seeds  require  to  have  the  dl 
expraned  from  them  before  the  fkrina  is 
extraeted. 

If  Stotth  be  subjected  to  distillation,  it  gives 
out  water  impregnated  with  empjrreumatic 
acetous  add,  a  Httle  red  or  brown  oil,  a  great 
deal  of  carbonic  add,  and  carburetted  hydrogen 
gas.  Its  coal  is  bullcy,  easily  burned,  and 
waves  a  very  small  quantity  oif  potash  and 
phoBphikte  of  lime.  If  w)ien  diflPhsed  in  water 
kbe  esposed  to  a  heat  (tf  ao*  F.,  or  upward, 
it  will  ferment,  and  turn  sour ;  but  much 
more  so  if  it  be  not  Ireed  Aom  the  gluten, 
extract,  and  colettrlng  matter.  Thus,  in 
Aardi-makiBg,  the  ftrioKi^nncntsand  becomes 
Sour,  but  die  starch  that  does  not  undergo 
rermentation  is  rendered  vie  more  pure  by  this 
pNMess.  Some  water  already  soured  is  mixed 
with  the  flour  ahd  water,  #hich  regulates  the 
femuflitadon^  and  prevents  the  mixture  ftott 
beoomfitg  putrid ;  and  hi  this  state  it  is  left 
iftobt  t^  days  in  snmm^,  and  fifteen  in 
winter,  befbre  the  scam  is  removed,  and  the 
^l^ater  poured  off.  The  staxcfa  is  then  washed 
out  fiom  the  bran,  and  dried,  fine  in  the  open 
sir,  and  finally  in  an  oven. 

With  boiiing  water  starch  forms  a  neariy 
^nntpSMnt  mudlage,  emitting  a  peculiar 
snieH,  neltlM^  disagreeablo  nor  very  powerftiL 
Thismudlage  may  bedried,  and  will  then  be 


semitransparent,  and  much  resemblihg  enm^ 
an  the  products  of  which  it  afibrds/  When 
dissolved,  it  is  mudi  more  easily  digested  and 
nutritious  than  l>cfore  it  lias  undergone  this 
operation. 

Both  adds  and  alkalis  combined  with  water 
dissolve  it  It  separates  the  oxides  of  several 
metals  from  their  solutions,  and  takes  oxygen 
from  many  of  them.  It  is  found  naturally 
combined  with  all  the  immediate  prindples  of 
vegetables,  and  may  easily  be  umted  with 
most  of  them  by  art 

When  starch  is  triturated  with  iodine,  it 
forms  combinations  of  various  colours.  When 
die  proportion  of  iodine  is  small,  these  com- 
pounds are  violet ;  when  somewhat  greater, 
blue ;  and  when  still  greater,  black. 

We  can  always  obtain  the  finest  blue  colour, 
by  treating  stareh  with  an  excess  of  iodine, 
dissolving  xht  compound  in  liquid  potash,  and 
predpitating  by  a  vegetable  acid.  The  coloni 
is  manifested  even  at  the  instant  of  pouring 
water  of  iodine  bito  a  hcpiid  which  contains 
stfreh  difihscd  throu^  it.  Hence  iodine 
becomes  an  excellent  test  for  detecting  starch  ; 
and  starch  for  detecting  iodine.  Besides  these 
combinations,  it  appears  that  there  is  another 
of  a  white  colour,  in  which  the  iodine  exists  in 
very  small  quantity.  All  of  them  possess 
peailtsr  properties,  which  have  been  described 
by  MM.  Colin  and  Osuthier  Claubiy,  (AnnaL 
dc  Chimie^  xc.  92.),  and  M.  Pdletier,  (Bul- 
letin de  Pharmacie,  vi.  269.) 

Starch  is  not  aflected  in  the  cold,  by  water, 
alcohol,  or  ether.  But  it  dissolves  readily 
when  triturated  with  potash  water.  Mlien  to 
the  solution  of  starch  in  hot  water,  we  pour 
in  a  boiling-hot  solution-  of  sub-nitrate  of 
lead,  and  leave  the  mixmre  for  a  considerable 
time  at  rest,  a  precipitate  falls,  whidi  is  found 
after  washing  and  dryTng  to  consist  of  100 
stardi  and  38  89  protoxide  ofletuL^BerzeRtu, 
Ann.  de  Ckimie^  xcv.  82. 

Starch  is  convertible  into  sugar  by  dilute 
sulphuric  acid.  To  produce  tlus  change  we 
must  take  2000  parts  of  starch,  difiuse  them 
in  8000  parts  of  water,  containing  40  parts  of 
strong  ou  of  vitriol;  and  boil  the  mixture  for 
96  hours  in  a  basin  of  silver  or  lead,  taking 
care  to  stir  the  materials  with  a  wooden  rod, 
during  the  first  hour  of  ebullition.  At  the 
end  m  this  rime,  the  mass  having  become 
fiquid,  does  not  require  to  be  stirred,  except  at 
intervals.  In  proportion  as  the  water  evapo» 
rates,  it  ought  to  be  replaced.  When  the 
liquor  has  been  sufficiendy  boiled,  we  must 
add  to  it  chalk  and  animal  chaxxroal,  then 
clarify  with  white  of  egg,  filter  the  mixture 
through  a  flock  of  wool,  and  then  concentrate 
the  liquid  till  it  has  acquired  a  syrupy  con- 
sistence. After  this,  the  basin  must  be  re- 
moved from  the  fire,  in  order  that,  by  cooling, 
the  greater  part  of  the  sulphate  of  lime  may 
fsH  down.  The  pure  syrup  is  now  to  be  de- 
canted oiT,  and  evaporated  to  the  proper  dry- 
3b2 
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MM.  The  gteatet  the  quantity  of  acid  em. 
ployed,  the  less  ebullition  is  required  to  con- 
vert the  Rtarch  into  the  saccharine  matter. — 
Vo^el^  Ann.  dc  Chimic^  Ixxxii.  148. 

The  discovery  of  the  preceding  process  is 
doe  to  M.  Kirchoff  of  St.  P.;tersburgh.  M. 
Th.  de  Saussure  has  ascertained,  that  no  gas 
is  given  off  during  the  operation  ;  that  the 
access  of  air  is  not  essential  to  it;  tliat  the 
sulphuric  acid  is  not  decomposed ;  and  that 
100  parts  of  starch  produce  110.14  of  sugar. 

The  presence  of  sulphuric^acid  is  not  indis- 
pensable  for  obtaining  sugar  from  starch.  It 
may  also  be  obtained  by  leaving  the  starch  to 
itself,  cither  with  or  without  contact  of  air,  or 
by  mixing  it  with  dried  gluten.  At  the  sanne 
time,  indeed,  several  other  products  are  formed. 
SI.  Th.  de  Saussure^s  interesting  observations 
on  this  subject  are  published  in  the  Annaks 
de  Chimie  et  de  Physique^  xi.  379.  The 
starch,  brought  to  the  state  of  a  pulpy  masa, 
must  be  left  to  spontaneous  decomposition. 
The  products  are,  Ist,  a  sugar,  like  tiie  sugar 
of  grapes ;  2d,  Gum,  like  that  from  roasted 
Btanh ;  3d,  Amidine,  a  body  whose  properties 
are  intermediate  between  those  of  starch  and 
gum ;  and,  4th,  an  insoluble  substance,  lika 
ligneous  matter.  In  these  experiments,  the 
mass  on  which  he  operated  was  made  by 
pouring  12  parts  ^of  boiling  water  on  1  of 
BtarcK  When  it  was  fermented  by  dry  gluten, 
he  obtained — 

Without  coiiuct  WllhconUct 
oi'ttir.  ot'ttir. 

Sugar,  47-4  49  7 

Gum,  230  97 

Amadine,  8-9  5-2 

Amilaoeous  Ugnin,  10*3  9-2 

Xiignin  with  charcoal,  A  trace  0'3 

Undecomposed  starch,      4-0  3-8 

Potato  starch  differs  perceptibly  from  that 
of  wheat ;  it  is  more  friable ;  is  composed  of 
ovoid  grains  about  twice  the  size  of  the  other; 
it,  requires  a  lower  temperature  to  rcduct  it 
into  a  jelly  with  water ;  it  is  soluble  in  more 
dilute  alkcdine  leys,  and  is  le^s  readily  decom- 
posed by  spontaneous  fermentation.  It  aLso 
contains  more  hygrometric  water;  for  100 
parts  of  it  dried  at  the  temperature  of  boiling 
water  lost  10  41  parts  of  water ;  whilst  wheat 
starch  lost  by  the  same  process  only  13<66. 
They  had  both  been  previously  exposed  .for 
some  time  to  a  dry  atmosphere,  at  the  heat  of 
72  S^  Fahr. 

Starch  is  composed  of 

6sy  Luwac  and  Thraard.  B^rxeliut.  Saussure. 

Carbon,          4356  43481  4539 

Oxygen,         49-68  49-455  48-31 

Hydrogen,       6-77  7-064  5-90 

10000       100-000        99-60 
Ajwtc,    0-4 

10000 


When  itareh  ia  raatted  at  a  modciwle  hsai 
is  an  ovea,  it  is  converted  into  m  apedbs  « 
gum,  employed  by  the  calico  pfioters.  Pota^ 
starch  answers  best  for  this  porpoae.  Sjt 
Bbitish  Gux. 

M.  Caventou  considers  starch  paste  made 
with  hot  water  as  containing  the  sanoe  Uucg  as 
die  amidine  of  M.  de  Satt8sar& 

Salop^  according  to  hino,  is  cooapaacd  of  a 
little  gum,  very  little  starch,  luid  miitb 
bastorine. 

Sa/go  is  an  uniform  substance,  aoluble  in 
cold  water,  more  so  in  hot,  precipitated  blue 
by  iodine,  and  differing  from  oomoaon  starck 
ill  the  first  property. 

Tapioca  seema  to  be  identical  in  ooaipau- 
tion  with  sago. 

Arrow  root  is  nearly  pure  starch,  agreeiag 
in  all  respects  with  the  starch  of  the  poca;^ 
which  may  be  converted  by  heat  into  some- 
thing  similar  to  sago  and  tapioca. — Aimakt 
de  Chitnie  et  Physique^  xxxi  337. 

STAU&OLITE.  Chrenatite,  or  primack 
garnet. 

STAUROTIDE.  Grenatite,  prismatic 
garnet,  or  staurolite.  Colour  daric  leddisln 
brown.  Only  crystallized  in  fonna  whkh 
may  be  reduced  to  a  prism  of  129»  W,  The 
following  are  secondly  forms :  a  voy  obliqae 
four-sided  prism,  truncated  on  the  acata 
lateral  edges,  forming  an  nneqniangwiar  aix- 
sided  prism ;  the  same  acutely  bevelkd  on  the 
extremities.;  and  a  twin  crystal,  fonned  by 
two  perfea  six-sided  piisms.  Splcndeat, 
resino- vitreous.  Cleavage  in  the  smaller 
diagonal.  Fractnie  small  grained  mievea. 
Opaque,  or  translucent.  Scratches  quarts 
feebly.  Brittle.  Specific  gravity  3.3  to  3.8. 
Infusible,  its  constituents  are,  alumina  44, 
ailica  33,  lime  3.84,  oxide  of  iron  13,  oxide 
of  manganese  1,  loss  5.16. — VattqtieRM,  The 
geognostic  relations  of  this  mineral  aie  neariy 
the  same  with  those  of  precious  garnet  It 
occurs  in  clay-slate  near  Ardonald,  between 
Keith  and  Huntly,  in  Aberdeenshiie ;  and  in 
a  micaceous  rock  at  the  Glenraalur  lead-mioes 
in  the  county  of  Wicklow*  Ireland. 

ST£AM.    See  Caloric  and  VAPOua. 

STEARINE.    SaeFAT. 

STEATITE,  OR  SOAPSTONE,  A 
sub-species  of  rhomboidal  mica.  Colour 
greyish,  or  greeniih-white.  Massive,  disse- 
minated,  imitative,  and  in  the  ibUowmg  sup- 
posititious figures:  an  equiangular  aix-sided 
prism  ;  an  acute  double  six-sided  pyramid ; 
and  a  rhomboid.  The  first  two  ass  on  rack 
crystal,  the  last  on  calcareoos  spar.  Dull. 
Fracture  coarse  splintery.  Tnnsluoent  on  the 
edges.  Streak  shining.  Writes  but  feebly. 
Soft.  Very  sectile.  Rather  difficultly  fran- 
gible. Does  not  adhere  to  the  tongue.  Feels 
very  greasy.  Spec  grav.  2.4  to  2.6.  In&s:. 
ble.  Its  constituents  are*  silica  44,  i 
44,  alumina  2,  iron  7.3,  manganese  1.6,  c 
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•  "S.  tVwe  of  HtTM  and  niuriatic  add.  It  oc- 
«im  fVequcntly  in  tmall  contemporaneous 
V:;iD8  that  travene  seqientine  in  all  directions ; 
at  PortBoy  and  Shetland ;  in  the  limestone  of 
Icolmkill ;  in  the  serpentine  of  Cornwall ;  and 
in  Anglesey.  It  is  used  in  the  manufacture  of 
porcelain,  and  for  taking  greasy  spots  out  of 
idlk  and  woollen  stuffs.  It  is  also  employed 
in  polishing  gypstim,  serpentine,  and  marhle. 
When  pounded  and  slightly  burned,  it  forms 
the  basis  of  certain  cosmetics.  It  writes 
readily  on  glass.  Humboldt  assures  us,  that 
the  Otomacks^  a  savage  race  on  the  banks  of 
Che  Oiinoeo,  live  for  nearly  three  months  of 
the  y^ar  principally  on  a  kind  of  potters'  clay; 
mrd  many  other  savages  eat  groit  quantities 
of  steatite,  whkh  contains  absolutely  no 
nourishment. 

STEEL.  A  modification  of  iron,  concern. 
ing  which  our  knowledge  is  not  very  precipe, 
notwithstanding  the  researches  of  many  cele- 
brated chemists.  For  the  following  important 
facts,  I  am  indebted  to  the  proprietor  of  the 
Afonkland  manufactory,  where  bar  and  cast 
•tcel  of  superior  quality  are  made. 

The  chests  or  troughs  in  which  the  iron 
bars  are  stratified,  are  9  feet  long,  and  com- 
posed of  an  open-grained  siliceous  freestone, 
unalterable  by  the  fire.  The  Dannemora  or 
Oregrounds  iron  is  alone  employed  for  con- 
'version  into  steel  at  Monkland.  The  increase 
of  weight  is  from  4  to  12  ounces  per  hnndred 
weight.  The  average  is  therefore  1  in  224 
parts.  The  first  proportion  constitutes  mild, 
and  the  second  very  hard  steeL  Should  the 
inrocess  be  pushed  much  farther,  the  steel 
would  then  melt,  and  in  the  act  of  fusion 
would  take  a  dose  of  charcoal,  sufficient  to 
briog  it  to  the  state  of  No.  1.  cast  iron.  The 
charooal  used  in  stratifying  with  the  bar  iron 
JB  bruised  so  as  to  pass  turough  a  quarter- 
indi  riddle.  Whenever  the  interior  of  the 
tioughs  arrives  at  70®  Wcdgewood,  the  car- 
bon begins  to  be  absorbed  by  the  iron.  There 
is  no  further  diminution  of  the  weight  of  the 
charcoal  than  what  is  due  to  this  combination. 
What  remains  is  employed  at  another  charge. 
Great  difTerenccs  are  found  between  the  dif- 
fcrent  kinds  of  bar  hron  imported  at  the  same 
time;  which  occasion  unexpected  differences 
in  the  resnlting  steeL  The  following  letter 
contains  important  information,  from  a  gentle- 
man possessing  great  experience  in  the  manu- 
fixture  of  steel. 

•*•  **  Monkland  SteeUvorks^ 

"  9th  November^  1820. 
*'  Sflii,— Mr.  William  Murray  has  written 
me,  that  you  wished  I  should  communicate 
10  you  the  reason  why  bar  iron  should  run 
into  the  state  of  soft  cast  iron,  by  the  opera- 
tion  bcmg  carried  too  far  in  the  blister  Ktecl 
furnace,  and  how  it  does  not  make  cast  steel, 
as  cast  steel  is  said  to  be  formed  by  the  fusion 


of  tlic  blister  sttsel  iu  the  crucible  wiUi  char- 
coal. 

"  The  usual  practice  of  making  cast  steel, 
is  to  fuse  common  steel  in  a  crucible,  without 
any  charcoal  being  mixed.  The  degree  of 
hardness  required  in  the  cast  steel  is  regulated 
by  selecting  blister  steel  of  the  proper  degree 
of  hardness  for  what  is  wanted. 

^  This  statement  is  made  with  the  view  to 
correct  a  common  mistake,  that  to  maize  cast 
steel  it  is  necessary,  and  that  it  is  the  practice, 
to  mix  with  the  steel  to  be  mdted  a  quantity 
of  charcoal. 

^'  Pursuing  this  mistake,  it  naturally  leads 
to  others.  Dr.  Thomson  says,  when  speaking 
on  this  subject,  that  cast  steel  is  more  fusible 
than  common  steel,  and  for  that  reason  it  can-  f 
not  be  welded  to  iron.  It  melts  before  it  can  ' 
be  heated  high  enough ;  and  that  the  quantity 
of  carbon  is  greater  than  in  common  steel ; 
and  that  this  seems  to  constitute  the  difiTcrencc 
between  the  two  substances. 

^^  The  statement  of  a  simple  fact  will  show 
that  this  conclusion  is  erroneous.  Suppose 
a  piece  of  blister  steel,  pretty  hard,  yet  fit  to 
stand  the  operation  of  welding  to  iron  without 
any  difficulty :  let  this  steel  be  made  into  cast 
steel  in  the  ordinary  way.  It  will  not  then 
stand  the  process  of  welding.  It  will  not 
melt  before  reaching  the  welding  heat ;  but 
when  brought  to  that  heat,  and  submitted  to 
tlie  blows  of  the  hammer,  it  will  fall  like  a 
piece  of  sand,  and  the  parts  being  once  sepa- 
rated, they  refuse  to  become  again  united. 
This  difficulty  of  working  the  steel  cannot 
arise  horn  the  steel  containing  more  carbon, 
for  the  fact  is,  it  contains  les«,  part  of  it  being 
burnt  out  in  the  operation  of  melting  it.  And 
if  the  same  steel  was  to  be  melted  a  second 
time,  more  of  the  carbon  would  be  burnt  out ; 
of  course  the  steel  would  be  softer,  but  at  tlie 
same  time;  the  difficulty  of  working  it  would 
be  increased ;  or,  in  other  words,  the  red-short 
property  it  had  acquired  in  the  first  melting 
would  be  doubly  increased  in  the  second,  al- 
though a  person  who  has  not  had  the  cxperi- 
ence  would  very  natuially  conclude,  that  as 
the  metal  kept  retrograding  to  the  state  of 
malleable  iron,  in  the  same  proportion  it  would 
acquire  all  the  properties  of  the  metal  in  that 
state.  When  taking  this  view  of  the  subject, 
it  would  appear  that  the  difference  between 
these  two  kinds  of  steel  must  arise  from  some 
other  cause  than  that  pointed  out  by  Dr. 
Thomson. 

**  When  the  iron  has  absorbed  a  quantity  of 
carbon  in  the  blister  steel  furnace,  sufficient  to 
constitute  steel  of  a  proper  degree  of  hardness, 
and  the  heat  a(\er  this  is  continued  to  he  kept 
up,  the  steel  will  keep  absorbing  more  a'ld 
more  carbon.  The  fusibility  o^  it  will  cun- 
tinuc  to  increase,  just  in  the  same  proportion, 
till  at  lost  it  become  so  fuMble,  that  even  the 
limited  heat  of  a  blbter  atccl  furnace  ht'uv^s  it 
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dtmi ;  and  jost  at  the  time  it  it  patting  to 
the  fluid  ttate,  it  takas  to  great  a  quantity  of 
chaicoal,  at  cbtnget  it  from  the  ttate  of  tteel 
to  that  o(  catUiroD.  It  appean  to  me,  that 
the  dianoal  it  combined  in  rich  catt-iron,  in 
the  mechanical  ttate,  and  not  in  the  chemical, 
at  in  tteeL 

*'*'  With  thit  yon  will  recdTe  a  tpedmen 
ftom  tiie  bUflter  tteel  furnace.  The  fkioture 
of  the  bar  «rill  show  you  tteel  in  the  highett 
ttate  of  combination  with  carbon  in  which  it 
can  exist  ;*and  another  part  of  the  tame  frac- 
ture presenta  the  tranution  from  the  ttate  of 
ateel  to  that  of  catt-ixon.  Should  yon  require 
it,  I  will  tend  you  a  specimen  of  caat^fceel  in 
the  ingot,  and  from  the  same  ingot,  one  in  the 
hammered  ttate.    I  am,  &c 

"  JOHK  BlITTEEY.*' 

A  new  memoir  on  the  alloys  of  tteel  hat 
been  lately  puUiihed  by  Messrt.  Stodart  and 
Faraday,  of  which  the  following  is  an  ab- 
•tmct. 

The  first  curiout  fact  that  occurs  relatet  to 
the  compound  with  tilver,  of  which  tteel  wfll 
only  retain  one  500th  part  in  union;  when 
more  was  used,  it  either  evaporated,  or  sepa- 
rated at  the  button  cooled,  or  was  foroed  oat 
in  forging.  The  alloy  wat  excellent,  and  the 
trifling  addition  of  price  frunithet  no  obstacle 
to  Its  general  employment 

Sted,  alloyed  with  100th  part  of  platinttm, 
though  not  so  hard  as  the  silver  aBoy,  hat 
more  toughness ;  hence  its  value,  where  tena- 
city as  well  at  hardnets  are  required:  the 
extra  cost  it  more  than  repaid  by  itt  exed^ 
leiice. 

The  alloy  with  rhodium  exoeedt  the  forma 
in  itt  valuable  qualities,  but  the  tcardty  of 
the  metal  predudet  iu  general  ute.  To  the 
compounds  with  iridium  and  osmium  the  tamt 
remarks  apply. 

The  action  of  acids  on  these  tlloys  is  curiout, 
and  especially  in  respect  to  that  of  platinum, 
which  it  acted  upon  by  dilute  sulphuric  add 
with  infinitdy  greater  rapidity  than  the  un- 
alloyed sted;  indeed,  an  acid  that  scaredv 
touches  the  pure  steel,  dittolvet  the  alloy  with 
energetic  effervescence.  This  is  no  doubt 
referable  to  dectrical  excitation ;  and  we 
should  apprehend  that  it  would  be  fatal  to 
the  employment  of  this  particular  alloy,  in 
any  cave  where  chemiod  action  it  likdy  to 
ensue. 

The  alloys  of  steel  with  gold,  tin,  copper, 
and  chromium,  we  have  not  attempted  in  the 
large  way.  In  the  l&boratory,  sted  and  gold 
were  combined  in  various  proportions ;  none 
of  the  resets  were  so  promising  tt  the  alloyt 
already  named,  nor  did  dther  thi  or  copper, 
as  far  at  we  could  judge,  at  all  improve  tted. 
M'ith  titanium  wc  failed,  owing  to  the  imper- 
fection of  crudblet.  In  one  instance,  in 
wliicb  the  fused  button  gave  a  fine  damask 


turfaee,  we  wcte  ditpoced  to  atttibnfi*  i^  a^ 
peaianoe  to  the  pieieBoe  of  tiiaoiuiii  i  tat  ii 
thit  we  were  mittakeo.  The  &ot  waa,  wm 
had  unintentionally  made  woots.  Tbe  bos- 
ton, by  analytit,  gave  a  litde  sikx  aad  ala- 
mina,  but  not  an  atom^  of  titanhun. 
chanite,  in  a  particular  ttate  of  j  _ 
wat  uted;  thuB  might  potdtaly  coirtatn  tlie 
cartht  cr  their  besit,  or  they  maj  haw  lonnfld 
a  part  of  the  oudble. 

Our  authort  advert  to  the  proiMtblt  impon- 
ance  of  certain  triple  alloya,  onlf  mm  of  whirfi 
it  notified  io  ilieir  paper,  naoidly,  thut  of  sted, 
iridium,  and  otmiwn.  *^$oaie  iminnt  m 
form  oliha  oombinatiODt  of  this  deacnpiMB 
proved  enoonraging,  but  we  wen  pvevcDtsd 
at  the  time  ftom  bettowing  on  dicBi  tfcat 
attention  and  labour  they  teemed  ao  veil  tt 
dtterve.*' 

The  following  is  an  impoccaat  and  tuiioia 
paragraph  of  thit  papff : — 

When  puneiTOB  iatttbatituted  for  sled,  the 
alloyt  to  foimed  sn  much  le«  subject  to  oxi- 
dation. 3  per  cent,  of  iridium  and  oBBoiom, 
fused  with  some  puie  iree,  gavo  a  botiOB, 
which,  when  foiged  and  pnlidicd,  was  ex. 
poaed  with  many  other  pieoet  of  iron,  ataei, 
and  alloyt  to  a  moitt  atnuMphere ;  it  was  the 
ItatoftDinthowingtnyrust.  TbeooloBrof 
thit  compound  watditlinotly  Une;  it  had  dte 
property  of  becoming  harder  wfaoi  beatod  to 
rednett,  and  queodied  in  a  odd  fluid.  On 
obterviog  this  sted*like  doracter,  we  aot- 
pectedt^  pretence  of  carbon;  none,  hoptiu, 
wat  found,  ahfaough  carefuBy  lodBtd  Ibr.  It 
it  not  impraAiable  that  these  may  be  olhv 
bodica,  besidea  cfaarooal,  capabfe  of  giving  to 
iron  the  prapertiet  of  tted ;  and  though  we 
cannot  agree  with  M.  Bonaringanlt,  Jnmtka 
^  CMmiCi  zvi  1,  when  be  woidd  nplaoe 
carbon  in  tted  by  dfioa,  or  its  bate,  we 
think  hit  experiments  veiy  intptrtthtg  an 
th»  pomt,  vdiidi  it  worthy  of  foitfaer  cs- 
aminatioD. 

In  Gondution,  our  authors  obaerve,  that  fio 
aucoeed  in  naaldng  theae  oompouadt,  much 
attention  it  requitite  on  the  part  of  the  ope. 
jratott;  that  the  purity  of  the  mctalt  it  estcn- 
tid{  that  the  pofoct  and  complete  foaon of 
both  mutt  be  entuoed;  that  they  must  be 
kept  a  oonnderable  tune  in  a  ttate  of  thin 
fusion ;  that,  afler  easting,  the  frxging  iswith 
equal  care  to  be  attended  Io ;  that  the  netd 
must  on  no  account  be  ovethealed;  and  that 
the  haMening  and  tempering  must  be  most 
carefully  performed. 

Upon  the  whde,  though  we  eontider  then 
retearehet  upon  the  dloyt  of  ttad  at  voj 
interetting,  we  are  not  taagiiine  aa  la  th« 
important  influenot  upon  the  impiwcunut  tf 
the  manufacture  of  cutlery,  and  aoipaet  that  a 
bar  of  the  best  onUnary  tted,  adected  with 
precaution,  and  most  earefiiUy  forged,  wroBght» 
and  tempered,  under  the  immMaU  intftrim 
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1^  tht  wotlrr,  would  afibrd  ouitfeg  itwtm- 
iDCOCs  ss  perfect  and  exceUeut  m  th^  oom- 
fioscd  of  wooti,  or  of  the  alloys.  PUiL  Trans. 
1822. 

ST£INU£IlilT£.  Blue  quartz  of  Fin- 
land. 

STIBIUM.     Aniiniony. 

STiiAlTE,  o%  PV  KAMIDAL  Z£a 
IilTE.    SceZsoLiTE. 

8TILPN0SID£R1T£.  Colour  brown. 
lah-black.  MasaiTe,  imitatiTc,  and  in  curved 
•AoncretMoa.  SpleodeDt,  resinoua.  Fracture 
coocboidaL  Opaatte.  Streak  yeUowts^ 
browa.  Hard  in  a  low  degree.  Brittle.  Sp, 
ge.  d.77*  Wi(b  borax  it  gives  a  dark  oliva* 
.green  glaas.  Ita  ooostiiuents  are,  oxide  of 
iron  80.6,  silica  2.26,  water  16,  oxide  of 
manganese  a  trace*— (/i{/tna«yi.  It  is  said 
to  oootaiD  i^iospboric  acid.  It  occurs  along 
witb  brawn  iron  in  Saxony  and  Bavaria*  it 
is  allied  to  meadow  iron-ore. 

STINKSTONE,  or  SWINESTONE. 
A  variety  of  compact  lucullite»  a  sab^spedes 
of  limestone. 

8TONE8.      See  Ajtaltsis,  Ea&ths, 

GXOLOOT,  AlfTKOROLITE,  and  3IlK£K- 
ALOOr. 

STORAX.  A  balsam,  of  which  there  an 
two  varieties,  a  solid  and  liquid ;  consisting  of 
TCsin,  benioic  add,  and  essential  oil. 

STRAHLSTEIN.    Actinolite. 

STRONTIA.  About  forty  years  ago, 
.«  mineral  was  brought  to  Edinburgh  by  a 
Scalar  in  fossils,  from  a  lead<4ninc  at  Strontian 
in  Aigyllshiiei,  which  was  generally  oonaidered 
aa  a  carbonate  of  barytes.  It  hsa  since  been 
found  nuff  Bristol,  in  France,  in  Sicily,  and 
in  Pennsylvania.  Dr.  Crawford  iiist  observed 
name  differences  between  its  solution  iu  muri- 
atic acid,  and  that  obtained  from  the  carbonate 
of  barytes  of  Anglezark,  and  thence  supposed 
it  to  be  a  nuv  earth.  I^.  Uope  of  Edinburgh 
had  entertained  the  same  opinion,  and  ooo- 
fomed  it  by  experiments  in  1791.  Kirwan, 
Klaproth,  Pelletier,  and  Sulzcr  did  the  same. 
The  carbonic  add  may  be  expelled  by  a  heat 
of  liO**  of  Wedgcwood,  leaving  the  stxontia 
behind ;  or  by  dissolving  in  the  nitric  add, 
•nd  driving  tUa  off  by  heat. 

Pure  etruntia  is  of  a  grayish. white  colour; 
a  pungent,  acrid  taste ;  and  when  powdered 
in  a  mortar,  the  dust  that  rises  irritates  the 
.lungs  and  nostrils.  Its  spedfic  gr4vity  ap- 
proaches (hat  of  barytes.  It  requires  rather 
more  than  ICO  parts  of  water  at  60*  to  dis- 
solve it  i  but  of  boiling  water  much  less.  On 
cooling,  it  crystallizes  in  thin,  transparent, 
quadrangular  plates,  genenlly  parallelograma, 
•eldom  exceeding  a  quarter  of  an  inch  in 
leogtlw  and  frequently  adhering  together. 
Tha  edges  are  moat  frequently  bevelled  from 
each  side.  Sometimes  they  assume  a  cubic 
forai.  These  crystals  contain  about  M  of 
water ;  are  soluble  in  61.4  limes  thdr  weight 


of  water  at  00*,  and  in  little  more  than  twica 
their  weight  of  boiling  water.  They  give  a 
blood-red  colour  to  the  flame  of  burning  alco- 
hol. The  solution  of  strontia  changes  vege- 
table blues  to  a  green.  Strontia  combines 
with  sulphur  dther  in  the  wet  or  dry  way,  and 
its  Bulphuret  is  soluble  in  water. 

In  iu  properties*  strontia  has  a  consider- 
able affinity  to  barytes.  It  differs  from  it 
chiefly  in  being  infusible,  niudi  less  soluble, 
of  a  different  form,  weaker  in  its  affinities, 
and  not  poisonous.  Its  saline  compounds 
afford  differences  more  marked.— £<ii»itfr^ 
Tram. 

The  batiis  of  strontia  is  stioatium,  a  metal 
first  procured  by  Sir  U.  Davy  in  1808,  pre- 
cisely in  the  same  manner  as  barium,  to  whidi 
it  is  very  analogous,  but  has  less  lustre.  It 
appeared  fixed,  difficultly  fusible,  and  not 
volatile.  It  became  converted  into  strontia 
by  exposuK  to  air,  and  when  thrown  into 
water,  decomposed  it  with  great  violence,  pro- 
ducing hydrogen  gas,  and  making  the  water  a 
solution  of  strontia.  By  igniting  the  mineral 
stTontianite  (see  Heavy  Spak) intensely  with 
charcoal  powder,  strontia  is  cheaply  procured. 
Sir  H.  Davy,  from  indirect  experiments,  is 
disposed  to  regard  it  as  composed  of  about  86 
strcmtium  +  14  oxygen,  in  100  parts ;  and 
supposing  it  to  be  composed  of  a  prime  pro- 
portion of  each  constituent,  tlic  equivalent 
prime  of  strontium  would  be  0*143,  and  of 
strontia  7- 143.  But  from  the  proportions  of 
the  constituents  in  the  carbonate,  the  prime  of 
strontia  appears  to  be  6.4  or  8.6 ;  and  hence 
that  of  strondum  will  be  5.6. 

The  beautiful  red  fire  which  is  now  so 
frequently  used  at  the  theatres,  is  composed  of 
the  following  ingredients :  40  parts  dry  nitrate 
of  strontian,  13  parts  of  findy  powdered  sul- 
phur, 6  paito  of  chlorate  of  potash  (hypcroxy- 
muriate),  and  4  parts  of  bulpnurct  of  antimony. 
The  chloivte  of  potash  and  sulphurct  of  anti. 
mony  should  be  powdered  s;'paratdy  in  a 
mortar,  and  then  mixed  together  on  paper ; 
after  which  they  may  be  added  to  the  otlicr 
ingredients,  previously  powdered  and  mixed. 
No  other  kind  of  mixture  tlian  rubbing  to- 
gether on  paper  is  required .  Sometimes  a  little 
realgar  is  added  to  the  sulphuret  of  antimony, 
and  frequendy  when  the  fire  bums  dim  and 
badly,  a  very  small  quantity  of  very  finely 
powdered  charcoal  or  lampblack  will  make  it 
perfect. 

For  the  saline  combinations  of  strontia,  see 
the  Acids  at  the  beginning  oi  the  Dictionary, 
or  Dr.  ilope^s  Dissertation  on  this  Earth,  in 
the  Edin.  Phil.  Trans,  for  1790. 

STRONTIANITE.    See  He  •  vy  Spar. 

STRONTITES.     The  same  as  strontia. 

STRONTIUM.  The  mctaUic  base  of 
strontia. 

STRYCHNIA.  This  alkaline  Rubstance 
was  detected  by  Pelletier  and  Cavenlou  in  the 


ignalia  by  the  following  process:  The  bean 
was  rasped  down  as  small  as  possdble.  It  was 
then  exposed  to  the  action  of  nitric  ether  in  a 
Papin's  digester.  The  residue  thus  deprived 
of  a  quantity  of  iatty  matter  was  digested  in 
alcohol  as  long  as  that  reagent  wan  capable  of 
dissolving  any  thing.  The  alcoholic  solutions 
were  evaporated  to  dr3mes8,  and  the  residue 
redissolved  in  water.  Caustic  potash  being 
dropped  into  the  stdution,  a  white  crystalline 
prjcipiiate  fell,  which  was  strychnia.  It  was 
purified  by  washing  it  in  cold  water,  dis- 
solving it  in  alcohol,  and  crystallizing  it. 
S  rychnia  was  obtained  likewise  from  the  bean 
of  the  str]rchnos  ignatia  by  boiling  thq  infusion 
of  the  bean  with  magnesia,  in  the  same  manner 
as  Roblquet  had  obtained  morphia  from  the 
infusion  of  opium. 

Strychnia  has  been  since  extracted  from  the 
irp.i»  poison  (Upas  tiente  and  Upas  anthiar) 
by  the  same  chemists.  It  constitutes  the 
poisonous  principle  of  these  plant:*. — Ann.  de 
t'him.  €t  de  Phys,  xxvi.  44. 

The  properties  of  strychnia,  when  in  a  state 
of  purity,  are  as  follows : 

It  is  crystallized  in  very  small  fbur-sided 
prisms,  terminated  by  four-sidcd  low  pyra- 
mids. It  has  a  white  colour,  its  taste  is  in- 
tolerably  bitter,  leaving  a  metallic  impression 
in  the  mouth.  It  is  destitute  of  smell.  It  is 
not  altered  by  exposure  to  the  air.  It  is 
neitlier  fusible  nor  volatile,  except  M  tempe- 
ratures at  which  it  undergoes  decomposition. 
It  is  charred  at  the  temperature  at  which  oil 
enters  into  ebullition  (about  SSO®).  When 
strongly  heated,  it  swells  up,  blackens,  gives 
out  empyrcumatic  oil.  a  little  water  and  ace- 
tic acid ;  carbonic  acid  and  carburetted  hy- 
drogen gases  are  disengaged,  and  a  bulky 
charcoal  remains  beiiind.  When  heated  with 
peroxide  of  copper,  it  gives  out  only  carbo- 
nic acid  gas  and  water.  It  is  very  little  so- 
luble in  cold  water,  100,000  parts  of  that 
liquid  dissolving  only  15  parts  of  strychnia; 
but  it  dissolves  in  2,r)00  times  its  weight  of 
boil  ing  water.  A  cold  solution  of  strychnia  in 
water  may  be  diluted  with  100  times  its  volume 
of  that  liquid  without  losing  its  bitter  taste. 

When  strychnia  is  introduced  into  the  sto- 
mach, it  acts  with  prodigious  energy.  A  locked 
jaw  is  induced  in  a  very  short  time,  and  the 
animal  is  speedily  destroyed.  Half  a  grain  of 
srychnia  blown  into  the  throat  of  a  rabbit 
proved  fatal  ui  five  minutes,  and  brought  on 
locked  jaw  in  two  m.inutes. 

Sulphate  of  gtrydmiu  is  a  salt  which  crys- 
tallizes in  transparent  cubes,  soluble  in  loss 
than  ten  times  its  weight  of  cold  water.  Its 
taste  is  intensely  bitter,  and  the  strychnia  is 
precipitated  from  it  by  all  the  soluble  salifi- 
able bases.    It  is  not  altered  by  exposure  to 


again,  with  a  loss  of  three  per  oeBt.  of  its 

weight.     At  a  still  higher 

deoompoaed  and  charred.  Its 
Sulphuric  add,  9-5 

Strychnia,  9^5        47-63 

1(NM» 

Muriate  of  ttrychma  cryHaUiass  in  rrrf 
small  needles,  wludi  are  grouped  together, 
and  before  the  microscope  exhibit  liic  lisiai  ef 
quadrangular  prisms.  When  expovd  to  the 
air  it  becomes  opaque.  It  is  more  solnble  m 
water  than  the  sulphate,  has  a  similar  ta^ 
and  acts  with  the  sanoe  violcnee  «poB  iha  am. 
mal  economy  as  all  the  other  salts  of  stryefania. 
When  heated  to  the  temperature  at  which  the 
base  is  decomposed,  it  allows  themniiadc  add 
to  escape. 

PhotphaU  of  stry(^nia  crystallixes  m  finr- 
sided  prisms.  It  can  only  be  obtamed  neatrsl 
by  double  decomposition. 

titrate  ofitrychnia  can  be  obtahied  otAj 
by  dissolving  strychnia  in  nitric  add,  dihited 
with  a  great  deal  of  water.  The  satorated 
solution,  when  cautiously  evapoiatad«  yields 
crysUls  of  neutral  nitrate  in  pearly  needlca. 
This  salt  is  mudi  more  soluble  in  hot  dua 
in  cold  water.  Its  tsste  is  exceed ingiy  bixta, 
and  it  acts  with  more  violence  upon  the  aai- 
mal  economy  than  pure  strychaia.  It  seeau 
capable  of  uniting  with  an  excess  of  add. 
When  heated  it  becomes  yellow,  and  i 
decomposition.  It  is  slighdy  solnhk  f'a  s 
but  is  insoluble  in  ether. 

When  concentrated  nitric  sdd 
upon  strychnia,  it  immediatdy  strilua 
amaranthine  colour,  followed  by  a  shade  ». 
milar  to  that  of  blood.  To  this  eoloiir  sue- 
cecds  a  tint  oi  yellow,  which  panes  aftervards 
into  green.  By  this  action,  the  strydmia  seems 
to  be  altered  in  its  properties,  and  to  he  oon. 
verted  into  a  substance  still  capable  cf  mriting 
with  adds. 

Carbonate  of  strychnia  is  abtained  in  the 
form  of  white  flocks,  liule  soluble  in  water, 
but  soluble  in  carbonic  add. 

Acetic,  oxalic,  and  tartaric  adds,  farm  with 
strychnia  neutral  salts,  which  are  very  tohible 
in  water,  and  more  or  less  capable  of  crystal- 
lizing. They  crystallize  best  when  they 
contain  an  excess  of  add.  The  neutral  ace- 
tate  is  very  soluble,  and  crystallises  with  dif- 
ficulty. 

Hydrocyanic  add  dissolves  scrychDia,  and 
forms  with  it  a  cr3rstallizable  salt. 

Strychnia  combmcs  ndther  widi  salphorDor 
carbon.  When  boiled  with  iodine,  a  aolnckn 
takes  place,  and  iodate  and  hydriodateof  stiy  ch. 
nia  are  formed .  Chlorine  acts  upon  it  prccisdy 
in  the  same  way. 
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Stiydaiia,  when  tfnolfvdinaleoliol,  batthe 
praperr^  of  predpiUOing  the  gictter  number 
of  metallic  ozidet  firom  tbeir  «dd  aoladooB. 
It  is  predpitftted  by  tbe  alkalis  and  alkaline 
saitbs:  but  the  elfectef  the  earths  proper  has 
not  been  tried.  See  Ann.  de  CMm,  et  de 
Phyg.  X.  142. 

A  new  procoBB  for  extzacciog  strychnia 
fiom  nuz  Tomica  has  been  lately  published 
\j  M .  Henry,  in  the  Journal  de  niannade 
for  September  1822.  The  details  are  inserted 
in  «he  Journal  of  Science  and  the  Arts,  ziv.  443, 

Anotiier  process  is  given  in  the  Ghor,  de 
J^'itiea  by  M.  Ferrari,  which  is  translated  into 
the  Journal  afScience,  zrii.  170.  M.  Fenari 
Imtlier  lemarin  that  the  solutioiui  of  the  salts 
of  Miychnia,  as  of  the  sulphate,  nitrate,  mu- 
Yiste,  and  acetate  slightly  add,  when  ezp 
to  a  heat  of  212*,  beoome  vdatUe, 
«alt  erapontes. 

STUCCO.     Gypsum. 

8UBEIL    Cork.    See  Ce&ih,  and  Acijd 

(SUBC&IC). 

SUBLIiMATION  is  a  ptooess  by  which 
volatile  substances  are  raised  by  heat,  and 
•gain  condeosed  in  the  solid  form. 

This  operation  is  founded  cm  the  same 
principles  as  distillation,  and  its  rules  are  the 
same,  as  it  is  nothmg  but  a  dry  distillation. 
Tlurefore  all  that  has  been  said  on  the  artide 
X>i8TiLLATiow  is  applicable  here,  espedaUy 
an  thijse  cases  idiere  sublimation  is  employed 
to  sepacate  Tolatile  substances  from  othoa 
vhieh  are  fixed  or  less  volatile. 

SubHmalioa  is  also  used  in  other  cases :  for 
instawp,  to  combine  volatile  mattern  together, 
as  in  the  operation  of  the  sublimates  of  mer- 
cnzy ;  or  to  collect  some  voktile  substances, 
as  sulphur,  the  add  of  boiax,  and  all  the  pre- 
psiatians  eaUled  fiowers. 

Tlie  apparatus  for  sublimation  is  very 
simple.  A  matmss  or  small  alembic  is  ge- 
neially  suffident  for  the  sublimation  of  stnall 
quantities  of  matter.  But  the  vessels,  and  the 
method  of  managing  the  fire,  vary  according 
to  the  nature  of  the  matters  which  are  tobe  su- 
blimed,  and  according  to  the  form  which  is  to 
be  given  to  the  sublimate. 

The  beauty  of  some  sublimates  consists  in 
thdr  being  composed  of  very  fine,  light  psrts, 
such  as  almost  all  those  called  flowers ;  as 
flowers  of  sulphur,  of  benzoin,  and  others  of 
this  kind.  'fVhen  the  matters  to  be  sub- 
limed srs  at  the  same  time  volatile,  a  high 
cucurbit,  to  which  is  adapted  a  capital,  and 
even  sevcml  capitals  placed  one  upon  another, 
are  employed.  The  sublimation  is  performed 
in  a  sand  bath,  with  only  the  precise  degree 
of  heat  requisite  to  raise  the  Pubstance  which 
is  to  be  sublimed,  and  the  capitals  are  to  be 
giuuded  as  much  ss  possible  from  heat  The 
height  of  the  cucurbit  and  of  the  capital 
seems  wdl  contrived  to  accomplish  this  in- 
tention. 


When  along  with  the  dry  mtttt  which 
Is  to  be  collected  in  these  sublimations,  a 
eeitain  quantity  of  some  liquor  is  raised,  ss 
happens  in  the  suUimadon  of  add  of  bo- 
nx,  and  in  the  rectification  of  volatile  con- 
crete alkali,  which  is  a  kind  of  subUmatkn, 
a  passage  and  a  receiver  for  these  liquors 
must  be  provided.  This  is  conveniently 
done  by  using  the  ordinary  capital  of  the 
alembic,  furnished  with  a  beak  and  a  re- 


Some  subtimates  sre  required  to  be  in 
msBses  as  solid  snd  compact  as  thdr  natures 
allow.  Of  this  number  are  camphor,  muriate 
of  ammonia,  and  all  the  sublimates  of  mer- 
cury. The  propewst  vessels  for  these  sub- 
limations are  bottles  or  matrasses,  whidi  are 
to  be  sunk  more  or  less  deeply  in  sand,  ac- 
coding  to  the  volatility  and  gravity  of  the 
matten  that  an  to  be  sublimed.  In  this 
manner  of  subliming,  the  substances  having 
quitted  the  bottom  of  tbe  vessel,  adhere  to  its 
upper  part,  and  as  this  part'  is  low  and  near 
the  fire,  they  there  snfier  a  degree  of  heat  suf- 
fident  to  give  them  a  kind  effusion.  The 
art,  therefore,  of  conducting  these  sublimatioDs 
consbts  in  applying  such  a  degree  of  heat,  or 
in  so  disposing  the  sand  (that  is,  making  it 
cover  more  or  less  the  matrass),  that  the  l^at 
in  the  upper  part  of  the  matrass  shall  be  suf- 
ficient to  make  the  sublimate  adhere  to  the 
glass,  and  to  give  it  such  a  degree  of  fusion  as 
is  necessary  torender  it  compact ;  but  at  thesame 
time  this  heat  must  not  be  so  great  as  to  foree 
the  sublimate  through  the  netk  of  the  ma- 
trass, and  disdpate  it.  These  conditions  are 
not  easily  to  be  attained,  especially  in  great 


Many  substances  mav  be  reduced  into 
flowen,  and  sublimed,  whidi  require  for  this 
purpose  a  very  great  heat,  with  the  access  of 
free  air  and  even  the  contact  of  coals,  and 
therefore  cannot  be  sublimed  in  dose  vessels. 
Such  are  most  soots  or  flowers  of  metals, 
and  even  some  saline  substances.  When  these 
sublinoates  are  required,  the  matten  from 
which  they  are  to  be  separated  must  be  placed 
among  burning  coals  in  open  air;  and  the 
flowers  are  collected  in  the  chimney  of  the 
furnace  in  which  the  operation  is  ptfformed. 
The  tutty,  calamine,  or  pompholix,  collected 
in  the  upper  part  of  furnaces  in  which  ores 
are  smelted,  are  sublimates  of  this  kind. 

SUBLIMATE  (COKROSiVE).  Bichlo- 
ride  of  mercury. 

SUBSAIiT.  A  salt  having  an  excess  of 
base  beyond  what  is  requisite  for  saturating 
the  acid^  as  tupertalt  is  one  with  an  excess  of 
the  acid.  The  sulphate  of  potash  is  the  neu- 
tral compound  of  sulphuric  acid  and  potash ; 
subsulpbate  of  potatth,  a  compound  of  the 
same  ingredients,  in  which  there  is  an  excess 
of  base ;  supcrsulpliatc  of  potash,  a  compound 
of  the  same  add  and  the  same  base,  in  which 


acid  with  the  salifiable  bases. 
SUCCINIC  ACID.     See  Acid  (Sue- 

CINIC). 

SUGAR  is  a  constitueDt  part  of  Tegeta- 
bles,  existing  in  considerable  quantities  in  a 
number  of  plants.  It  is  a^rded  by  the  ma* 
pie,  the  bireli,  wheat,  and  I'urkey  eora. 
Alaimaf  obtained  it  from  the  roots  of  beet, 
red  heet^  skirret,  parsoips,  and  dried  grapes. 
The  process  of  this  chemist  consisted  in  di- 
gesting these  roots,  rasped,  or  finely  divided, 
in  alcohol.  This  fluid  dissolves  the  sugar; 
and  leaves  the  extractive  matter  untoudhed, 
which  falls  to  the  bouom. 

In  Canada,  the  inhabitants  extract  togar 
from  the  maple.  At  the  oommeiicemcnt  of 
spring,  they  heap  snow  in  die  evening  at  the 
fbot  of  the  tree,  in  which  they  previously  make 
npertnres  for  the  passage  of  the  returning  sap. 
Two  hundred  ^nds  of  this  juice  afibrd,  by 
evaporation,  fifteen  of  a  brownish  sugar.  The 
quantity  prepared  annually  amounts  to  lif- 
tmen thousand  weight. 

Dr.  Rush,  in.the  Tnmsactions  of  the  Ame- 
rican Philosophical  Society,  voL  iii  has  given 
an  account,  tA  length,  of  the  sugar  maple 
tree,  of  whidi  the  tblk>wing  is  a  abort  ab- 
stract:— 

The  acer  gaccharinmm  of  Linnseus,  or  sugar 
maple  tree,  grows  in  great  quantities  in  die 
western  counties  of  all  the  middle  States  of 
the  American  Union.  It  is  as  tall  as  the  oak, 
and  from  two  to  three  feet  in  diameter ;  puts 
forth  a  white  blossom  in  the  spring,  before  any 
appearance  of  leaves ;  its  small  branches  afibid 
sustenance  for  cattle,  and  its  aa^et  afibrd  a 
large  quantity  of  excellent  potash.  Twenty 
years  are  required  for  ittoattain  its  full  growth. 
Tapping  does  not  injure  it ;  but,  on  the  con- 
trary,  it  affords  more  syrup,  and  of  a  better 
quality,  the  oftcner  it  is  tapped.  A  single 
tree  has  not  only  survived,  but  flourished, 
after  tapping,  for  forty  years.  Fiveior  six 
pounds  of  sufj^ax  are  usually  aflTordcd  by  the 
sap  of  one  tree  ;  though  there  are  instances  of 
the  quantity  exceeding  twenty  pounds.  The 
sugar  is  separated  from  the  sap  either  by  frees- 
ir.g,  by  spontaneous  evaporation,  or  by  boiling. 
The  latter  method  is  the  most  used.  Dr. 
Rush  describes  the  process ;  which  is  simple, 
and  practised  without  any  difficulty  by  the 
farmers. 

From  ftequent  trials  of  this  sugar,  it  does 
not  appear  to  be  in  any  respect  inferior  to 
that  of  the  West  Indies.  It  is  prepared  at  a 
time  of  the  year  when  ndther  inse<^  nor  the 
pollen  of  plants,  exist  to  vitiate  it,  as  is  the 
case  with  common  sugar.  From  calculations 
grounded  on  facts,  it  is  ascertained,  that 
America  is  now  capable  of  producing  a  sur. 
plus  of  onc-cighih  more  than  its  own  consump- 


lax. 

The  Indians  likewise 
the  pith  of  die  bamboo. 

The  beet  has  lately  been  nmck  cnlirvated 
in  Gormany,  for  the  puiyose  of  cxtxacting 
augar  from  its  root.  For  dua  the  vaoas  are 
taken  up  in  autumn,  waaiied  oleaa,  wiped, 
sliced  lengthwise,  atrung  on  threads^  and  bong 
up  to  dry.  From  diese  the  sugar  is  extncced 
by  maoeiradon  in  a  small  quantity  4if  wnter; 
dmwing  off  this  upon  fireah  roots,  aod  adding 
fresh  water  to  the  first  rootx,  vhicfa  ■  again 
to  be  emi^yed  the  same  way,  so  as  to  $iet 
out  all  their  sugar,  and  satunte  the  wsaer  ms 
much  as  possible  with  it.  This  water  ia  to 
be  strained  and  boiled  down  for  the  angar. 

Some  merely  expresa  the  juioe  hwn  the 
fresh  roots,  and  boil  this  down ;  othen  bad 
the  roots;  but  the  sugar  exlrartrri  ia  either 
of  these  ways  is  not  equal  in  quaiity  to  the 
first 

Professor  Lampodius  obtained  fwom  1  Uttfaa. 
of  the  roots,  dibs,  of  wdl  grained  ^Aiite  p<iw. 
der  sugar ;  and  the  residnums  affiiided  7  pinu 
of  a  spirit  resembling  rum.  Acfaaid  sayv, 
that  about  a  ton  of  roots  prodnoed  him  lIMHbs. 
of  raw  sugar,  whieh  gave  ASlbs.  of  nefocd 
sugar,  and  25lbs.  of  treade. 

But  the  agar  which  is  so  unisuaally  used 
ia  afllbided  by  the  sugar  cne  (annada  «r* 
chart/era)  whidi  is  raised  in  our  adosBes. 
Wbea  this  plant  is  npt,  it  ia  cat  dowm^  and 
crushed  by  passing  it  betwean  inn  cylinders 
phued  perpendiculaily  and  moved  fay  vacrr 
or  animal  strength.  The  jokae  wlncfa  flows 
out  by  this  strong  pvessaie  is  leueiwed  in  a 
shallow  trough  placed  beneath  the  cylioder. 
The  juice  is  odled  in  the  French  sugar  colo- 
nies vetou  ;  and  the  cane,  after  baring  under- 
gone this  pressure,  is  called  hrgane.  The 
juice  is  more  or  less  saccharine,  according  to 
the  nature  of  the  sod  on  wiiidi  the  cane  hajs 
grown,  and  the  weadier  that  has  predcnn. 
nated  during  its  growth.  It  is  aqueooa  when 
the  soil  or  the  weather  has  been  humid ;  and 
in  contrary  drcumstaoces  it  is  diidtand  giuu- 
nous. 

The  juice  of  the  cane  is  conveyed  into  boil, 
ers,  where  it  is  boiled  with  wood  asdies  and 
lime.  It  is  subjected  to  the  same  c^ieiatkiii 
in  three  several  boilers,  care  being  taken  to 
remove  the  scum  as  it  rises.  In  this  state  it 
is  called  9yntp  ;  and  is  again  boiled  with  liroe 
and  alum  till  it  is  suffidendy  cmoentratal 
when  it  is  pound  into  a  veaad  eallad  thcr 
cooler.  In  this  vessd  it  is  agitated  with  woodso 
stinrers,  which  break  the  crust  as  it  ianxm  on 
the  surface.  It  is  aflerwaidspourcd  into  casks, 
to  accelerate  iu  cooling ;  and  while  it  n  btxU 
warm,  it  is  conveyed  into  bairds  ^>»rwiitip  up. 
right  over  a  cibtau,  and  pierced  through  thtsr 


•nd  Umfm  the  tnigsr  in  the  state  cilled  eoorte 

mmgar'^  or  miMcowdtf.    This  sogMr  is  yellow 

and  fat,  and  is  parificd  in  the  islands  in  the 

#Dll«wing  manner :  The  synip  is  boiled,  and 

fMRBsd  into  conkal  earthen  vessels,  having  a 

jmnll  perfoiatioo  at  the  apex,  which  is  kept 

cioaed.     £ach  csne,  levened  on  its  apex,  ■ 

Mipporltd  in  another  earthen  vesad.    The 

siymp  io  atfafred  together,  and  then  Id^  to  cry»- 

tsillina.    At  the  end  of  fifteen  or  sixteen  houn, 

^lie  hole  In  the  point  of  eadi  cone  is  opened, 

Ant  the  ioipare  syrap  may  run  ont.     The 

bnae  of  these  sogar  loaves  is  then  taiwn  ont, 

and  vMte  pulvemad  sugar  substituted  in  its 

atond,  whidi  being  vdl  pressed  dova,  the 

vholo  is  covered  widi  day,  moistened  whh 

This  water  fitcrs  diraiiflih  the  maM^ 

;  the  syrap  with  it  which  was  mixed 

igv,  but  wbidi  by  this  manage 

jncnt  flows  into  a  pot  sabstituted  in  the  plaee 

of  the  fiat.    This  second  ^uid  is  called /ar 

fjfrup*    Care  is  taken  to  moisten  and  keep 

the  clay  to  a  proper  degree  of  softness,  as  it 

boeomee  .dry.    llie  sugar  loaves  ate  afterward 

taken  epnt,  and  dried  in  a  stove  fior  eight  er 

ton  days;  after  which  they  are  {Milverised, 

imeked,  and  exported  to  Bnrope^  whese  they 

nxe  stUl  fanher  purified. 

The  operation  of  the  French  sugar  lefinen 
consists  in  dissolving  the  cassonade,  or  daved 
aagar,  in  lime  water.  Bullocks*  bk>od  is  adcfed, 
to  pRMDOte  the  dsiifying  t  and,  when  the  liquor 
begins  to  boil,  the  heat  is  dhnhrished,  andihe 
noun  careftiJly  taken  off.  It  is  in  the  next 
place  conoentrated  by  a  bridi  heat ;  and,  as  it 
boils  np,  a  small  quantity  of  butter  is  thrown 
in,  to  modeiate  its  agitation.  When  the  boil- 
log  is  sufficiently  effected,  the  fire  is  p#  out ; 
ibe  Bquor  is  poured  into  moulds,  and  agitated, 
to  mix  the  syrup  together  with  the  grain  sugar 
•bosdy  fimned.  When  the  whole  is  cold,  me 
moulds  are  opened,  and  the  loaves  are  covered 
widi  moistened  clay,  which  is  renewed  from 
tone  to  time  till  the  sugar  is  well  cleansed 
ftom  its  syrup.  The  loaves  being  then  taken 
out  of  the  moulds,  sre  carried  to  astove,  where 
they  are  gradually  heated  to  146o  F.  They 
remaiD  in  this  stove  eight  days,  aft«r  which 
they  are  wrapped  in  blue  paper  for  sale. 

The  sevenl  syrups  treated  by  the  same 
methods  aflbrd  sugars  of  inferior  qualities ; 
and  the  but  portion,  which  no  longer  affbrds 
any  GrrstsJji,  is  sold  by  the  name  eif  mehtwet. 
The  Spaniards  use  thia  melasses  in  ttie  pre- 
paratioD  of  sweetmeats. 

A  sduiioD  of  sugar,  much  less  ooneentrated 
than  that  we  have  just  been  speaking  of,  l?t8 
fidl  by  repose  crystals,  which  Mxt  the  form 
oftetrahoiral  prisms,  terminated  by  dihedral 
summits,  and  known  by  the  name  of  sugar" 
caitiff. 


Edwards*  History  of  the  West  Indies,  41 
dmrity  of  which  is  indubitable.  j 

8odi  planters  as  are  not  fortunateM 
nishcd  with  tlie  mesos  of  grinding  their 
by  water  are  at  this  season  frequentft 
peded  by  die  faslare  or  insafficiency  off 
milk;  for  though  a  sogar  mill  is  a  very  « 
cowtrivance,  yet  great  force  is  requisite  to 
it  vanqoish  the  resistance  which  it  neoei 
meets  with.  It  principally  consists  of 
«pri|^t  iron  raOevs  or  cylinders,  from 
to  ibrty  inches  in  length,  and  from  two 
twenty-five  inches  hi  dhmieter ;  and  thi 
die  one,  to  which  tliemoving  power  is  af 
luma  tile  other  two  by  means  of  cogs. 
canes,  which  are  pnviomly  cut  short  an 
into  bundles,  are  twice  compressed  be 
these  roUers;  for  after  they  have  passed  th 
the  fiist  and  second  roliets,  ther  are  ' 
round  tiie  middle  oneby  a  piece  of  frame 
of  a  drcular  forai,  which  is  csUed  in  Jt 
the  dnmb-retumer,  and  forced  back  tli 
tile  second  and  thirid.  By  Uiis  operatio 
ore  squeeaed  completely  dry,  and  .som 
oven  reduced  to  powder.  The  cane-ji 
received  in  a  leaden  bed,  and  thence  001 
into  a  vessel  eaiied  tlie  recover.  The  1 
or  macerated  rind  of  the  caoe,  which  is 
cane-tmsh,  serrcs  for  ftid  to  boil  the  li<; 

The  juice  from  the  mill  usually  cc 
eight  parts  of  pure  water,  one  part  of 
and  one  part  made  up  of  groes  oil  and 
lage,  with  a  portion  of  essential  oiL 
propovtious  are  taken  at  a  medium ;  fo 
jnice  has  been  so  ridi  as  to  make  a  ho 
or  sixteen  hundred  weig^  of  sugar  froi 
teen  hundred  gallons,  and  some  is  so 
as  to  rsquire  more  than  double  that  qv 
The  richer  the  juice  is,  the  less  it  a1 
with  redundant  oil  and  gum;  so  tht 
little  knowledge  of  the  contents  of  an; 
quantity  can  be  obtained  by  the  most 
analvsis  of  any  one  quantity  of  juice. 

The  following  matters  are  likewise  1 
contained  in  cane-juice.  Some  of  thi 
tops,  whidi  serve  to  tic  the  canes  in  In 
are  often  ground  in,  and  yield  a  nw  acii 
exceedtngiy  disposed  to  ferment  and  ren 
whde  liquor  sour.  Beside  these  thei 
in  some  pieces  of  (he  ligneous  part  of  th 
some  dirt,  and  lastly,  a  substance  of  so 
portanoe,  which  may  be  called  the 
This  substance  is  a  thin  black  coat  of 
that  surrounds  the  cane  between  the 
beginning  at  each  joint,  and  gradual]} 
ing  thinner  the  forther  Arom  the  joint  u] 
till  the  upper  part  between  the  joints  1 
entirely  free  from  it,  and  assumes  its 
yeltow  colour.  It  is  a  fine  black  powd 
mixes  with  tlie  dommy  exudations  fi 
cane ;  and  as  tiK  faimeas  of  the  sugai 
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I  of  it!  goodncH,  a  unall  qoMitity  of 
icrusc  must  very  much  prejudke  the  com* 
modity. 

'Hie  sugar  U  obtained  by  the  following  pnw 
oest : — The  juice  or  liquor  runs  from  the  re- 
ceiver to  the  boiling-house,  along  a  wooden 
gutter  lined  with  lead.  In  the  braUng-bouse, 
it  is  recdved  into  one  of  the  copper  pans  or 
caldrons  caUed  darifien.  Of  thc»e  there  are 
generally  three ;  and  their  dimensions  are  de- 
termined by  the  power  of  supplying  them 
with  liquor.  There  are  water  mills  that  will 
grind  with  gveat  facility  sufficient  for  thirty 
l^ogsheads  of  sugar  in  a  we^.  Methods  oS 
quick  boiling  cannot  be  dispensed  with  on 
plantations  thus  fortunately  provided;  for 
otherwise  the  cane  liquor  would  unavoidably 
become  tainted  before  it  could  be  exposed  to 
the  fire.  The  purest  cane-juice  will  not  remain 
twenty  minutes  in  the  receiver  without  fer« 
mentisg.  Hence,  darifiers  are  sometimes  seen 
of  one  thousand  gallons  each.  But  on  planta- 
tions that,  during  crop  time,  make  from  fifteen 
ia  twenty  hogsheads  of  sugar  a-week,  three 
clarifiers  of  three  or  four  hundred  gdlons  each 
are  sufifidenL  The  liquor,  when  clarified, 
may  be  drawn  off  at  once,  with  pans  of  this 
size,  and  there  is  leisure  to  deanse  the  vessels 
every  time  they  are  used.  Each  darifier  is 
fiirmshed  either  with  a  siphon  or  cock  lor 
drawing  off  the  liquor.  It  has  a  flat  bottom, 
and  is  hung  to  a  separate  fire,  each  diimney 
having  an  iron  slider,  which,  when  shut,  causes 
the  fire  to  be  extinguished  through  want  of 
air*. 

As  soon  as  the  stream  from  the  receiver  has 
filled  the  darifier  with  fresh  liquor,  and  the 
fire  is  lighted,  the  temper,  which  is  generally 
Bristol  white-lime  in  powder,  is  stirred  into  it. 
This  is  done  in  order  to  neutralise  the  super- 
abundant acid,  and  to  get  rid  of  which  is  the 
greatest  difficulty  in  sugar  nuking.  Alkali, 
or  lime,  generally  effects  this ;  and  at  the  same 
time  part  of  it  \9^  said  to  become  the  basis  of 
the  sugar.  Mr.  Edwards  afiirm&,  that  it  aftects 
both  the  smell  and  taste  of  the  sugar.  It  falls 
to  the  bottom  of  the  pans  in  a  black  insoluble 
matter,  which  scorches  the  bottom  of  the  ves. 
sels,  and  cannot  without  difficulty  be  detached 
from  them.     But,  in  order  that  less  of  the 

*  The  clarifiers  are  generally  pUced  in  the 
middle  or  at  one  end  of  the  boiling-house. 
When  they  are  placed  at  one  end,  the  boiler 
called  the  tcache  is  placed  at  the  other,  and 
three  boilers  are  usually  ranged  between  them. 
The  teache  commonly  hol£  from  7(*  to  100 
gallons,  and  tlie  boileis  between  the  darificrs 
and  teache  diminish  in  size  from  the  first  to 
the  last.  But  when  the  clarifiers  are  in  the 
middle,  there  is  g««erally  a  set  of  three  boikTs 
on  each  side,  which  in  effect  form  a  double 
boiling.house.  This  arrangement  is  very  ne- 
cessary on  large  estates. 


lime  may  be  predpitatod  to  the  liirtliii,  Httk 
mote  than  half  a  pint  of  Brisiol  linse  aiiottU 
be  allowed  to  evei^  hondicd  gaUona  of  liqiur, 
and  Mr.  Bousie's  method  of  disaolvBiff  it  ia 
boiling  water  previous  to  mixiag  it  vidi  the 
cane-juice  should  be  adopted  f. 

As  the  force  of  the  fire  increases,  and  the 
liquor  grows  hot,  a  scum  is  thrown  up,  vfaac^ 
is  formed  of  the  gummy  matter  of  the  caoe, 
with  some  of  the  oil,  and  aach  impoTities  m 
the  mucilage  ia  able  to  entangle.  The  heat 
is  now  suffered  to  increase  gndaally  tiU  ii 
nearly  rises  to  the  heat  of  boiling  waao'. 
The  liquor,  however,  must  by  no  means  be 
suffered  to  boil.  When  the  scum  bf^iins  to 
rise  into  blisters,  whidi  break  into  whiceinKii, 
and  generally  appear  in  about  ibrty  miontes. 
it  is  known  to  be  sufficiently  heated.  Tboi 
the  damper  is  applied,  and  the  fire  exdn- 
guished ;  and,  if  drcumstanoes  will  adnwt, 
the  liquor  after  this  is  sufi&ied  to  lemata  a 
full  hour  undi&turbed.  In  the  next  place,  it 
is  csrefully  drawn  off^  either  by  a  siphoa, 
which  draws  up  .the  clear  fluid  tfanragh  the 
scum,  or  by  means  of  a  cock  at  the  bottom. 
In  eiiher  case,  the  scum  sinks  dovm  without 
breaking  as  the  liquor  flows ;  for  iu  tenachv 
prevents  any  admixture.  The  liquor  is  re- 
ceived into  a  gutter  or  channeL,  which  ooovevs 
it  to  the  evaporating  boiler,  oonunonly  caBed 
the  grand  copper ;  and  if  prodnoed  at  first  froia 
good  and  untainted  canes,  it  will  then  appear 
almost  transparent. 

In  the  grand  or  evaporating  copper,  whidli 
should  be  sufficiendy  large  to  receive  the  mt 
contents  of  one  of  the  dtarifien,  the  liqaor  it 
suffered  to  boil,  and  die  scum  as  it  rises  is 
oonUnually  taken  off  by  large  ecammera,  tiB 
the  liquor  becomes  finer  and  somewhat  thidcer. 
This  operation  is  continued,  d!I  the  subfect  is 
so  redjifced  in  quantity,  that  it  may  be  con- 
tainetHn  the  next  or  s^xmd  copper,  into  wfaidk 
it  is  then  ladled.     The  liquor  is  now  almoit 

t  Mr.  Bousie,  to  whom,  for  his  improve, 
ments  in  the  art  of  sugar-boiling,  the  Asscm- 
bly  of  Jamaica  gave  1000/.,  in  a  p^>er  wlridi 
he  distributed  among  the  members,  rroMn' 
mends  the  use  of  vegetable  alkali,  or  ashes  of 
wood,  such  as  pimento  tree,  dumb  cane,  fem 
tree,  cashew,  or  l(^ood,  an  affixding  a  better 
temper  than  quicklime.  Aftmraid,  however, 
he  was  convinced,  that  sugar  formed  on  the 
basis  of  fixed  alkaline  salts  never  stands  the 
sea,  unless  some  earth  is  united  to  the  salts. 
Such  earih  as  approaches  nearest  to  the  basds 
of  alum,  Mr.  Kdwards  thinks,  would  be  most 
proper;  and  it  deserves  to  be  inquned,  how 
far  a  proper  mixture  of  vegetable  alkaliiie 
salts  and  lime  might  prove  a  better  lenpcr 
than  dther  lime  or  alkaline  salta  alcsia  In 
some  parts  of  Jamaica,  where  the  cane-hqaiv 
was  excetdingly  rich,  Mr.  Bousie  made  very 
good  sugar  without  a  paitide  of  temper. 
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mf  the  cokMir  of  Madeii»  wine.  In  the  seeond 
copper  the  boiling  and  Bemnming  an  oon-> 
tinued ;  and  if  the  nibjeet  be  not  ao  dean  as 
i«  expected,  lime  water  is  thrown  into  it.  This 
addition  not  onlj  lerTes  to  give  more  temper, 
but  likewise  to  dilute  the  liquor,  which  some. 
times  tfaickeot  too  hat  to  permit  the  ieculen* 
cies  to  rise  in  the  acum.  When  the  froth  in 
bolting  arises  in  large  bubbles,  and  is  not 
much  diaeolouied,  the  liquor  is  said  to  have  a 
favourable  appearance  in  the  second  ooppeb 
MHien,  in  conaequenoe  of  such  scumming  and 
evaporation,  the  liquor  is  again  to  reduced  that 
it  may  be  contained  in  the  third  copper,  it  is 
bwlled  into  it,  and  ao  on  to  the  last  copper, 
which  is  called  the  teache.  This  arrangement 
auppoaes  four  boilers  or  coppers,  besides  the 
three  darifieis. 

In  the  teache  the  aubject  urdergoes  another 
evaporation,  till  it  is  supposed  bmled  enough 
.to  be  removed  from  the  fire.  This  operation 
is  usually  called  striking,  i.  e.  ladling  the 
liquor,  which  is  now  exceeding  thick,  into  the 
cooler* 

The  cooler,  of  which  there  are  generally  six, 
is  a  ahallow  wooden  vessel,  about  eleven  inches 
deep,  seven  ieet  in  length,  and  from  five  to  aiz 
feet  wide.  A  cooler  of  this  aiae  holds  a  hoga- 
head  of  sugar.  Here  the  sugar  grains,  i.  e.  as 
it  cools  it  runs  into  a  coarse  irr^ular  mass  of 
imperfect  crystals,  separating  itself  from  the 
melaases.  From  the  cooler  it  is  taken  to  the 
curing-house,  where  the  molasses  drains  from 

a: 

But  here  it  may  be  proper  to  notice  the 
rule  for  knowing  when  the  subject  is  fit  to  be 
ladled  from  the  teache  to  the  cooler.  Many 
of  the  negro  boilera,  from  long  habit,  guess 
accurately  by  the  eye  alone,  judginc  by  the 
appearance  of  the  grain  on  the  back  of  the 
ladle;  but  the  practice  generally  adoalpd,  is 
to  judge  by  what  is  cidled  the  toud^  L  e. 
taking  up  with  the  thumb  a  small  pordon  of 
the  hot  Uquor  from  the  ladle,  and,  as  the  heat 
diminishes,  drawing  with  the  forefinger  the 
liquid  into  a  thread.  This  thread  wdl  sod* 
denly  break  and  shrink  from  the  thumb  to  the 
suspended  finger,  in  different  lengths,  accord, 
ing  as  the  liquor  is  more  or  less  boUed.  A 
thnad  of  a  quarter  of  an  inch  long  generally 
detennincs  the  proper  boiliDg  height  for  strong 
muscovado  sugar  f. 

*  It  is  neceesary  to  observe  in  this  places, 
that,  in  order  to  obtain  a  laigOi^^niined  sugar, 
it  must  be  sufiered  to  cool  slowlv  and  gra- 
dually. If  the  cooleBS  be  too  shallow,  the 
grsin  is  injured  in  a  surprising  manner. 

t  The  vessel  called  the  teadbe  probably  de- 
rived its  name  from  this  practice  of  trying  by 
the touch<tactio).  Some  y«ns  ago,  John  Procu- 
lus  Baker,  Esq.  barrister  at  law,  recommended 
to  the  public  amethod  more  scientific  and  cer- 
tain, in  a  treatise  which  he  published  hi  1775, 
eatidcd,  An  Eaaay  on  the  Art  of  making 


The  euiing-honse  is  a  large  ury  building; 
provided  wi£  a  capadous  melaases  cistern, 
the  sides  of  which  are  sloped  and  lined  with 
terras,  or  boards.  A  frame  of  massy  joist- 
work  without  boarding  is  placed  over  this  ds. 
tem ;  and  empty  hogsheads  without  headings 
sre  ranged  on  the  joints  of  this  frame.  Eight 
or  ten  holes  are  bored  in  the  bottoms  of  these 
hogsheads,  and  through  each  of  the  holes  the 
atalk  of  a  plaintain  leaf  is  thrust  six  or  eight 
inches  bdow  the  joists,  and  long  enoueh  to 
stand  upright  above  the  top  of  the  hogshead. 
Into  these  hogsheads  the  mass  from  the  cooler 
is  put,  which  is  called  potting;  and  the  mc- 
las»es  drains  through  the  spongy  stalk,  and 
drops  into  the  dstem,  whence  it  is  occasionally 
taken  for  distillation.  In  the  space  of  three 
weeks,  the  sugar  becomes  tolerably  dry  and 
iahr.  It  is  then  said  to  be  cured,  and  the  pro- 
cess is  finished. 

Sugar  thus  obtained  is  called  muscovado, 
and  is  the  raw  material  whence  the  British 
sugar-bakers  chiefly  make  thdr  loaf  or  refined 
lump.  There  is  another  sort,  which  was  for. 
mcrly  much  used  in  Great  Britain  for  domes- 
tic purposes,  and  was  generslly  known  by  the 
name  of  Lisbon  sugar.  In  the  West  Indies 
it  is  called  clayed  sugar;  and  the  process  of 
making  it  is  as  follows : — 

A  quantity  of  sugar  from  the  cooler  is  put 
into  conical  pots  or  pans,  which  the  French 
call,^ff/ie«,  with  the  points  downward,  having 
a  hole  about  half  an  inch  in  diameter  at  the 
bottom  for  the  melasaes  to  drain  through  but 
which  at  first  is  closed  with  a  plug.  As  soon 
as  the  sugar  in  these  pots  is  cool,  and  becomes 
a  fixed  body,  which  is  known  by  the  middle 
of  the  top  falling  in,  the  plug  b  taken  out, 
and  the  pot  placed  over  a  large  jar,  intended 
to  receive  the  syrup  or  melssses  Uiat  drnn 
from  it  In  this  state  it  is  left  as  long  as  the 
mdasses  continues  to  drop,  when  a  stratum  of 
day  is  spread  on  the  sugar,  and  moutened  with 
water.  This  imperceptibly  oozing  through 
the  pores  of  the  clay,  dilutes  the  melaases,  in 
consequence  of  which  more  of  it  comes  away 
than  from  sugar  cured  in  the  hogshead,  and 
the  sugar  of  course  becomes  ao  much  whiter 

Muscovado  Sugar.  It  is  as  follows :  *'  Pro- 
vide a  small  thm  pane  of  dear  crown  glass, 
set  in  a  frame,  which  I  would  call  a  tryer ;  on 
this  drop  two  or  three  drops  of  the  subject, 
one  on  the  other,  and  carry  your  tryer  out  of 
the  boiling-house  into  the  air.  Observe  3ronr 
subject,  and  more  particularly  whether  it  grain 
fredy,  and  whether  a  small  edge  of  meksses 
separate  at  the  bottom.  I  am  wdl  satisfied, 
that  a  little  experience  will  enable  you  to 
judge  what  appearance  the  whole  skip  will 
put  on  when  cold,  by  this  spedmen^  which  is 
also  cold.  This  .method  is  used  by  diemista, 
to  try  evaporated  solutions  of  sU  other  salts : 
it  may  seem  therefore  somewhat  strange  it  has 
not  been  long  adopted  io  the  boiUog-house.'*  • 
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Aeeaiduig  to  Amdm^  Uit  pnxm 
WM  fimt  dkooverad  &  BrasU,  bf  accidents 
«*  A  hen,"  tayt  he,  ^«  haviAg  her  feet  dirty^ 
goinff  0¥cr  a  pot  of  iogtt,  it  was  fiMtnd  ttoder 
her  M  to  be  whiter  Stm  ebewhere.*'  The 
raaeoQ  assi^cned  why  thi^  iHrocees  U  not  um^ 
vosally  adapted  in  the  British  sugar  iaUnds 
is  this,  that  the  water  whidi  dilutes  and  car- 
ries away  the  mehMtes,  diiaolves  and  oarricf 
with  it  BO  mach  of  the  sugar,  that  the  differ. 
enoe  in  quality  does  not  pay  for  the  difference 
in  quanaty.  It  is  probable^  howeter,  that  the 
French  {^tets  are  of  a  different  opmioDi 
for  upwaida  of  four  hundred  of  the  plaBt»« 
tions  of  Sl  DomiDgo  have  the  neoesmry  ap<« 
patatua  for  claying^  and  actually  cany  on  the 
aystem* 

Sugaar  is  very  soluble  in  water,  and  is  a  good 
nedium  for  uniting  that  fluid  with  oily  mai< 
ten.  It  is  much  used  for  domestic  purposes^ 
and  appesis  on  the  whole  to  be  a  valuable  and 
irhdleiioine  article  of  food,  the  uses  of  which 
•re  most  probably  restricted  by  its  high  prioe« 
This  price  may  in  a  cettain  degree  arise  from 
the  nature  of  the  article,  and  its  original  cost; 
but  is  no  doubt  in  a  great  measure  owing  to 
the  inhumsBi  and  wasteful  coJkuie  by  skvM^ 
and  the  absoid  principles  of  European  oolooi* 
lation,  duties,  diiawbuks,  and  bouJttiea,  whidi 
have  die  effisci  locreate  unnatural  monopolies, 
and  to  prevent  commene  from  finding  its  level. 
This  is  eminently  the  case  with  regwd  to  oor 
West  Indi«  ialanda,  and  their  produce. 

It  appears  that  sugar  has  the  property  of 
rendering  some  of  the  earths  soluble  in  water. 
This  property  was  accidentally  discovered  by 
Mr.  WiDiam  Ramsay,  of  OUsgow. 
'  Being  employed  in  making  experiments  am 
aogar,  and  happening  to  put  some  ouiekUme 
into  a  cold  solution  of  it»  he  notkeo,  that  it 
had  acquired  an  uncommon  caustic  tasta. 

Hence  he  concluded,  that  sugar  possesses 
the  property  of  dissolving  a  certain  proportioD 
of  lime;  and  in  order  to  aacertain  its  capacity 
in  that  respect,  expetiments  were  made  upon 
this  esrth,  tog^khcr  with  sCrontiiBBt  magpasia, 
and  barytes. 

Sugar,  dissolved  in  water  at  the  tempeaEatwo 
of  600,  is  capable  of  dissolving  one-half  of  ita 
wd^toflime. 

Tlie  solution  of  fime  in  8U«r  is  of  a  bean^ 
tiful  white-wine  colour,  and  has  the  smdl  of 
fresh-slacked  quicklime. 

It  is  predpitaled  from  the  solution,  hf  the 
carbonic,  dtnc,  tartaric,  sulphuric,  and  odcaUs 
acids;  and  it  is  deoomposed,  by  double  affi- 
nity, by  caustic  and  carbonated  potash  asd 
aoda,  the  citrate,  tartrate^  and  oxalate  of  poi* 
ash,  Ac 

An  equal  weight  of  strontia,  with  the  sogsff 
employed,  is  capaUs  of  being  dissolved  at  the 
temptfatuTB  of  3ia«,  and  of  being  retained  in 
solution  by  the  sogv  ar60«  of  Fahrenheit. 
On  exposing  th^  crystals,  which  had  fidlen 
down  daring  the  eo(4iog.of  the  liquid^  to  tin 


airof  th#i 
acid,aiid< 

ThasdhitiBnofstiolitfaiin  wagmtim<£mi 
wWle-wine  ooloni!,  and,  like  tliat  of  liMie,  1 
a  pesoKarGauaticsnieiL     Tfaik  enrtk  b  p 
ciptiated  by  csnatic  and  catboBnticd  vou 
and  soda;  also  by  the csabo^i^  cstric;  i 
snlpburic,  and  oxalie  adda;  niid  it  m  < 
posed,  by  compound  affinity,  hj  i 
ateaof  potash  stad  soda«  als*  ij  tbt  i 
tartrate,  and  oxalate  of  potaali. 

The  sofaxtson  of  maywain  in  ayrap,  Itfce 
tkoseof  Ume  and  strontia,  vaa  of  a  pure  winsr 
ealoor,  and  had  no  ssBsible  vnriatian  la  sael 
or  taste  from  the  commea  aalatioii  of  sogv. 
ftrther  than  that  the  swoet  saenwl  madiiB. 
proved,  aad  was  softer  aadaaove  sysiahh  to 
the  palate,  as  if  it  vrere  entirely  freed  Attn  d» 
earthy  taste  wnico  unrefined  sii^ar  freqwentlv 
has.  OniftsmaainiDgatreBtfbraomemoatl* 
in  a  botde  well  corked,  the  magiwaia  appcaw 
to  be  entirely  aepaiated. 

Veiy  little  akrnima  is  diaoolvdl  byasa^ 
tion  of  sugar,  when  fresh  precipitated  conk 
is  pressnted  to  it,  either  fat  die  oaU  or  hot 


The  union  of  sugar  with  Ao 
been  long  known;  but  tkis  is  rendeMd  i 
sbrikfa)^  evident,  by  car 
acda,  for  instanoe,  ili  Iiiqii 
of  lime  and  atmntia  in  angar,  bj 
affinity. 

The  power  possessed  by  lartarieneid  of  pin- 
venting  the  precipitation  of  iroB  and  sons 
otner  metaia  nom  dieir  mnfiatfe  aalntian,  is 
wdl  known  fiwn  the  ohaervntknisof  U.  Rose 
and  otheiB*  A  shidlar  efieot  io  pndneed  by 
augar,  aoeoidmg  to  M.  Pesdn*,  if  ike  mis- 
tuKe  be  boiled,  but  not otkarwiafc-i.  Aa.  dg 
Ckim,  el  Phyt.  x»d.  197. 

In  SMking  aolntiana  of  tunrcfined  sagar  At 
culinary  purpones,  a  gray-eokuTod  sobaiaoct 
is  itmnd  fittqnently  precipitated.  It  is  pfa* 
bable,  that  thia  proceedi  from  a  siqierakBad. 
anoe  of  limci  which  has  been  used  in  darifying 
the  juice  of  the  sagar-osne  at  the  plaatartnas 
ateoiia.  SngarwiththiaimparfiBctSoBkfcMNrn 
among  the  refinen  of  tlds  artisle  by  the  bodm 
oiweak,  AnditisjnailyteBniedso,tkepre. 
efipiiated  roaltBr  being  nothing  but  liase  which 
baa  attracted-  carhonic  acid  fiom  the  angar,  (ef 
which  there  ia  a  great  probakfiity),  or  fton 
the  air  of  the  atmoiphawi  A  boitls  hi  whisk 
I  had  kept  asolntieitof  fime  in  augarlbrat 
least  filar  yeais^  dosdy  oBriced,  was  entirely 
iacrusted  With  a  yaikywiidueolonred  natteCi 
iriuch  on  exammaiiOD  was  Ibmid  t»4>e  eadrdy 
carbonate  of  lime. 

In  the  ordinary  refining  of  nhrnganyfitom 
twenty  to  thiity.«ve  per  oent.  of  larhasia  ere 
separated,  of  wluah  a  ooasidenble  port,  pro* 
baUy  twoi^thirde,  ate  finined  by  liie  high  taat 
uaedin  the  eonoiatwuson  of  tJio  syrup.  Vadsus 
pliuhava  been  eontdveS  tadkukwIitUBpo^ 
daclipp  df  ]    *  '^ 
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t      is-  ■Miimmliuft  the  mgw  boAer  with  oO  «r 

slcani  at  a  high  temperaiiue,  imuad  of  ex. 

t      p<Miog  it  to  a  naked  fire.    In  »  accoad,  tha 

boiler  ia  covacd  at  tops  and  by  maa»  of  an 

{      aur^puiDp  tfaa  atraoaphoie  pnsanie  ia  Mmored, 

I      so  an  to  &voar  ebaUkioB,  and  rapid  ofaponu 

tk>n,  at  modeufee  heats. 

The  oelebrated  ebemiat,  Mr.  Howaid,  took 
ottfc  a  patent  for  this  plaiL,  which  is  undoabt* 
ediy  the  motit  scientific  and  psoductive  at  any ; 
but  nquires  superior  skill  and  very  nunute 
nttesition  in  the  maonfacturar.  So  blood  is 
lued  for  daiiiication.  This  is  accompUshed 
by  a  aystem  of  most  ingenious  canvass  filters, 
aided  by  the  intermixture  with  the  syrup  of  a 
small  qnsntity  of  pasty  gypsma  and  alumina, 
naada  by  satunUing  a  aolatioo  of  alum  with 
quicklimfr  in  Ae  final  purifieatioD,  the  base 
of  the  inverted  sugar-cone  is  eovered  with  a 
\  atiatam  of  very  pure  saturated  symp,  instead 
,       of  naoist  pipe-day. 

The  third  method  is  f&andeA  on  the  pro^. 
p«x^  which  animal  charcoal  (bone-black)  pos- 
seaeeo,  of  destroying  vegetable  colonring  mat* 
ter.  Petriiaps  the  combination  of  the  last  two 
nodes  pvomises  the  best  results* 

A  fourth  process  fnr  refining  sugar  is  that 
of  Mr.  JDtaniei  Wilson,  lor  which  a  patent  was 
gnmtad.  The  spedfieationis  in  the  34th  voL 
of  the  Repertory,  p.  134. 

Tha  wan  is  to  be  charged  with  strong  lime- 
water^  tne  sugar  added,  and  the  fite  set  in  the 
usual  manner.  For  every  hnnAred  w«ight  at 
sagar  noed,  a  solution  is  to  be  made  of  four 
ounoeaof  sulphate  of  situ:,  in  as  small  a  quan- 
tity of  water  as  wiU  dlssoke  it.  When  the 
sngar  ui  die  pan  is  melted,  the  sohitionof  sal. 
'  pfaatc  of  nnc  ia  added,  and  the  whole  wdl 
atirred.  The  oxide  of  ainc  combinas  with  the 
extractive  matter,  tannin  and  galtte  acid,  and^ 
nnders  them  insolnhle,  while  the  snlphuric 
acid,  in  combination  with  the  lime,  becomes 
also  inscinble.  When  raw  sugar  contabis 
nrach  acid,  and  a  strong  giahi  is  reqnitfed, 
take  one  ounce  of  lime  in  powder  for  eveir 
four  ounces  of  sulphate  of  sine,  and  as  much 
water  as  wiU  farm  a  milk  of  Vxom^  which  Is 
added  to  the  solution  of  sugar  in  the  pan, 
about  tne  minntes  after  the  solatkm  of  sul- 
phate of  sific  has  been  added.  This  purifien* 
tkm  of  sugar  by  separating  impurities  che- 
nicsny  eombtecd  with  it,  is  employed  with 
much  advantage  in  conjunction  with  the  patent 
fiUering  appamtua- invented  by  Mr.  John- Su- 
therland. The  solution  of -sugar  broi^t  to 
the  boiHng  pofait  is  run  tfarou^  the  ffiter,  and 
sflterwards  boiled  to  a  proof*  Mr.  Wflsoi^ 
boils  the  syrup  in  a  pan,  having  a  coil  of 
tinned  copper  or  pure  tin  mbes  pkured  along 
ilfr  bottom  and  sides,  through  which  a  eonsnuit 
tUesm  of  strongly  heated  oil,  or  other  ihtty 
I  natter,  is  made  to  pass.    The  ovide  of  sine 

pnoipitnied  previously  by  adding  a  solution 
of  thesedt  to  lime  water,  ia  also i euwmuwidsd^ 
»•  wdl  as  thaoxida  of  tin. 


Mr.  Kirahofi;  an  ingenious  Rosainn  dKe- 
oust,  aoddentaily  discovered,  that  starch  ia 
convertible  into  sugar,  by  being  boiled  for 
mme  time  with  &  very  dilate  sulfkhuric  add. 
Saussure  showed,  that  IQO  parts  of  staxch 
yield  110  of  sugar.  He  oondoded,  that  this 
sugar  is  merdy  a  con^und  of  water  and 
stweh.  According  to  his  analysis;,  starsh  con- 
sists of        Oxyssn,  66-87 

Caibon,  ST^ 

Hydvogeni,         6*84 

KMMM 
Sugar  of  grapes,  aecoidibg  to  the 
chemist,  is  osmposed  of, 
Oxygen, 
Carbon, 
Hydrogen, 

100.00 
Common  sugar  has  been  analyzed  by  many 
eminent  chemists.    The  following  is  a  genend^ 
view  of  the  results:-— 

G.  Lttssac  and  Befsdins,        Prout. 

Thcnard.  Mean  of  3. 

Oxygen,         6063  49-866  63^6 

Oarlwn,  42*47  43.2e»  30-99 

Hydrogen,        6-90  6-870  ii^iS 


100-00        100-000         100-09 
By  my  ultimate  analysis  of  sugar,  ha  ooi>- 
stitnents  are, 
Carbon,  43-80        6  atrnns        40^4 

Hydrogen,         6-20        4  61 

Oxygon,  60-83         4  46-0' 

10000  100# 

Phil  Tram.  1822. 
For  a  view  of  the  proportions  of  die  oensti- 
tnents  referred  to  equivalent  primes  of  vo« 
lames,  see  FKRXSyTATiov,  a4mim  4^  Ik 
xOKf  be  observed  that  Dr.  Prouf  s  experimental 
results  agree  with  M.  Gay  Lussoc^  theory,  of 
sagar  being  a  compound  of  40  parts  of  CBOboO' 
•^.60ofwBter,oritselenient8.  ByBendhis** 
analyds^  stardi  consists  of, 

Oxygen  49^6 

Carbon,  4»6 

Hydrogenii  7*6' 

1000 

Tbo  abatraetion  of  a  little  hydrogen  and 
carbon  would  convert  it  into  suj^.  But  no 
carbonic  add  or  other  gas  is  extricated  during 
the  omveraien^  according  to  Vogd^s  experi- 
ments.  I  find  diat  potatoes  digested  with 
dilute  sulphuric  acid,  yidd  sugar  cheaply  and 
abundantly.  The  add  is  oft^watds  removed 
by  challc ;  and  the  strained  liquor  left  to  re^ 
pose,  after  due  evapomtion,  affords  crystals  of 
sugar.  From  starch  sugar,  good  beer  has 
been  made.  I  would  recommend  potatoes  for 
this  purpose.  They  aroimshed,  grated  down, 
and  treated  with  the  dilute  acid  for  a  day  or 
two  O  a  lewpsftora  of  9i2>. 
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X.  Bracomiot  Iim  itemdy  extended  our 
ynemu  ooocemmg  the  aitificUl  production  of 
■uijaraodguiiu  Sulphuzicadd(sp.  gr.  I*tt27) 
mixed  with  well  dried  elm  dust,  became  very 
hot,  and  on  being  dilated  with  water,  and 
ncntralixed  with  chalk,  afforded  a  liquor  which 
became  gmnmy  on  evaporation.  j)hreds  of 
linen  Criivrated  in  a  glam  mortar,  with 
snlphmic  add,  yield  a  simiUr  gum.  Nitric 
add  has  a  similar  power.  If  the  gummy 
matter  from  linen  be  boiled  for  aome  time 
with  dflute  sulphuric  add,  we  obtain  a  crys- 
tallixable  sugar,  and  an  add,  which  AI. 
Bnconnot  caUs  the  Tegeto-aulphuric  add.  The 
ounversion  of  wood  also  into  sugar  will  no 
doubt  appear  remarkable ;  and  when  persons 
not  familiariied  with  chemical  speculations 
are  told,  that  a  poimd  weight  of  rags  can  be 
oonTerted  into  more  dian  a  pound  weight  of 
sugar,  they  may  regard  the  sutement  as  a 
piece  of  pleasantry,  though  nothing,  says  M. 
firaoonnot,  can  be  more  reaL 

Silk  is  alaooonvertible  into  gum  by  sulphuric 
add.  Twelve  grammes  of  glue,  reduced  to 
powder,  were  digested  with  a  double  weight 
of  coDcentzated  sulphuric  add  without  artificial 
heat.  In  twenty  hours  the  liquid  was  not- 
mon  coloured  than  if  mere  water  had  been 
employed.  A  decilitre  of  water  was  then 
added,  and  the  whole  was  boiled  for  five 
houn,  with  renewal  of  the  water,  fifom  time 
to  time,  as  it  wasted.  It  was  next  diluted, 
aatumted  with  chalk,  fiiteced,  and  evaporated 
to  a  syrupy  consistence,  and  left  in  repose  for 
a  month.  In  this  period  a  number  of  granular 
crystals  had  separated,  which  adher^  pretty 
Mrongly  to  the  bottom  of  the  vessel,  and  had 
tf  very  decided  saccharine  taste.  This  sugar 
crvstallixes  much  more  easily  than  cane  sugar. 
The  crystals  are  giiuy  under  the  teeth,  like 
sugar-candy;  and  in  the  form  of  flattened 
prisms  or  tabular  groupes.  Its  taste  is  nearly 
as  saochaiine  as  grape  sugar ;  itt  solubility  in 
water  scarody  exceeds  that  of  sugar  of  uiilk. 
Boiling  alcohol,  even  when  diluted,  has  no 
action  on  this  sugar.  By  distillation  it  yields 
ammonia,  indicating  the  presence  of  azote. 
This  sugar  combines  intimately  with  nitric 
add,  wimout  sensiblv  decomposing  it,  even 
with  the  assistance  of  heat,  and  there  results  a 
peculiar  crystallised  add,  to  which  the  name 
nttro- saccharine  has  been  given.  A$uuiiet  de 
Chimie,  xii.  or  TiUocK't  Magazine,  vdL  55 
amd66. 

The  varieties  of  sugar  are;  cane  sugar, 
miqde  sugar,  liquid  sugar  of  fruita.  sugar  of 
figs,  sugar  of  gnq>e8,  starch  sugar,  the 
mushroom  sngar  of  Braconnot,  manna,  sugar 
of  gelatin,  sugar  of  honey,  and  sugar  of 
diabetes. 

Sugar  of  grapes  does  not  afit:ct  a  peculiar 
form.  It  is  deposited,  from  its  alcoholic 
solution,  in  small  grains,  which  have  little 
consistence,  are  grouped  together,  and  which 
•onstituu  tuberdcs,  smiilar  to  those  of  cauli- 


fiowen.  WheapiuiBlfaaiDOBtliytft  pMdsos 
at  first  a  sensation  of  ocolnesa,  to  vrfaadh  sue- 
oeeds  a  saccharine  taste,  not  very  wtsaag. 
Hence,  to  sweeten  to  an  equal  dcipee  tbr 


same  quantity  of  water,  we  must  employ  two 
and  a  half  times  as  much  sugar 


of  that  of  the  cane.  In 
poasessra  all  the  properties  of  < 
lu  extraction  is  very  easy.  The  cxpicsMJ 
juice  of  the  grapes  is  compooed  of  wastz, 
sugar,  mucilage,  bitartrate  of  potaah,  tartrate 
of  lime,  and  a  small  quantity  of  other  aalii  e 
mattefs.  We  pour  into  it  an  exocaa  of  d>a!k 
in  powder,  or  rather  of  pounded  manski 
There  results,  especially  on  agitation,  aa 
effervescence,  due  to  the  unsaturated  tartaric 
add.  The  liquor  is  then  clarified  with  widios 
of  e^;a  or  blood.  It  is  next  evaporated  in 
copper  pans,  till  it  marks  a  density  of  14K3  ax 
the  boiUng  temperature.  It  is  now  allowed  ta 
cooL  At  the  end  of  some  days,  it  eoooetes 
into  a  crystalline  mass,  which,  when  drained, 
washed  with  a  little  CfM  water,  and  snon^y 
oompress&d,  constitutes  sugisr. 

Id  the  south  of  France,  iHiere  this  lyiaiimi 
was  aome  years  back  carried  on  on  tfae  great 
scale,  to  prevent  ftrmentation  of  the  asaaC, 
there  was  added  to  diia  a  little  anlphatr  of 
lime,  or  it  waa  placed  in  tuns,  in  which  sulphsr 
matches  had  been  previously  made  to  boiiL 
The  oxygen  of  the  small  quantity  of  air  hA  in 
the  tuns  beins  thus  abstracted  by  the  sol. 
phurousadd,  nimentation  did  not  take  plaoa 
By  this  means,  the  wuut  can  be  preaened  a 
coosiderable  time ;  whereas,  in  the  oHliBaiy 
way,  it  would  lose  its  saccharine  taste  at  the 
end  ofa  few  days,  and  become  vinous.  MuM 
thus  treated  is  add  to  be  mtUtd^  The  syrup 
was  ev^orated  to  thedcndty  of  only  l*8fl8w~ 
Pramti^  Ann,  de  Chimie^  IviL  131.;  Mmdtke 
Collection  of  Memoir t  published  by  Parmenikr 
ial813. 

It  is  this  species  of  sugar  which  is  ohtainni 
from  starch  and  woody  fibre  by  the  action  of 
dilute  sulphuric  add. 

iSugarofdiabetcahaaBomerimeitheiWBcteB* 
ing  force  of  sugar  of  grapes;  oocaiionatty 
much  less. 

Braoonnol*s  mushroom  sugar  b  mudi  less 
sweet  than  that  of  the  cane.  It  crystsUises 
with  remarkable  facility,  forming  long  qusd- 
rilateral  prisms  with  square  baaea.  It  yields 
alcohol  by  fermentation. 

All  honeys  contain  two  species  of  sogv ; 
one  similar  to  suoar  of  the  grape,  another  like 
the  uncrystallisable  sugar  of  the  oane(mels8Mi). 
These  combined,  and  mingjled  in  different 
proportions  with  an  odoiant  matter,  consdtate 
the  honeys  of  good  quality.  Thoae  of  inferior 
quality  contain,  beddes,  a  certain  quantity  of 
wax  and  acid:  the  honeya  of  Britanny  contain 
even  an  animal  secreUon  (coavoiii)  to  which 
they  owe  their  putrcaoent  quality.  A  slight 
wAdUog  with  a  littk  aloofaMd  sepamss  the 
unerysiaUiiabIs  sugar,  aodlMvtt  the  tAtt, 
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g\AAtta»fhepaMkAhfW9MBf^mfAihTtrf  wdght  of  the  atom   of  urea;  the  alftolute 

Ul^  iiHire  akohol.  qasndty  of  hydrogen   in  a  given  weight  of 

**  The  felation,"  says  Dr.  Front,  *^  which  both  b  equal ;  while  the  absolute  quantities  of 

exists  between  iu«a  and  sugaf  seems  to  ex*  carbon  and  oxygen  in  a  given  weight  of  sugar 

plaSn  in  a  satisAictory  manner  the  phenomena  are  precisely  twice  those  of  urea." 
of  diabetes,  whieh  may  be  considered  as  a        The  eonstituents  of  these  two  bodies  and 

depnired  secreiioii  of  sugar.    The  weight  of  Utfaic  add  are  thus  expieised  by  that  ingenious 

the  aAem  of  sugar  is  jnst  half  that  of  the  phibsopher. 


Elements. 

Hydroani**.. 

Gafbo?. 

Oxygen. 

Azote 

Urea. 

SVGAB. 

LiTBic  Acid. 

No. 

Per 
Atom. 

Per 

Cont. 

No. 

Per 

Atom. 

Per 
Cent. 

No. 

Per 

Atom. 

Per 

Cent. 

2 
1 

1 
1 

7-5 
100 

17-5 

6.66 
19-A9 
2666 
46-66 

1 

125 

750 

10.00 

6-66 
39.99 
53.33 

1 
2 

1 
1 

125 
1500 
1000 
17-50 

285 
3428 
22-85 
4000 

5 

37-6 

100.00 

3 

18.75 

100-00 

5 

43.75 

10000 

The  above  compounda  appear  to  be  formed 
by  the  unicm  of  oMte  simple  eompoands,  as 
Bttgar,  of  carbon  and  water;  urea,  of  car- 
boietled  hydiegeo  and  nitrous  oidde ;  litfaic 
add,  of  cyanogen  and  water,  &c  whence  it  is 
ixrfemd,  that  their  srtifieial  formadon  falls 
within  the  Umitt  of  chemical  operattoos. 

SUGAR  OF  LEAIX  Acetate  of  lead. 
SeeliSAD. 

SULPHATE&  Uefinite  compovnds  of 
solphiiric  add  with  the  salifiable  bases.  See 
AcTD  (SvLPHu  Aic),  and  tfaerespecdve  bases. 

SUL»PHATO.TRI€ARBONAT£  op 
ItE  AIX  A  new  mineral,  found  at  LeadhilU, 
whose  peeoliar  mrtan  was  first  pointed  out  by 
Mr.  Brookcb  Stromeyer  has  since  confirmed 
Mr.  Brooke's  statement  of  its  composition,  aa 

Carbonate  of  lead  >    72-7 

Sulphate  of  lead  .    27-3 

SULPHITES.  Definite  compounds  of 
sulphofousacid  with  the  bases. 

SULPHUR.  OfostiTecrpEimiaticsul. 
phot  then  are  two  spedes,  the  comnwn  and 
volcanic ;  the  former  is  of  two  kmds,  compact 
and  earthy  sulphur. 

§  1.  Compact  etmnmon  a^hur.  Colour 
so^nroyeOow,  and  yellow  of  ether  shades. 
Massiire,  dissemiwated,  and  crystaUited.  Its 
primitive  figure  is  ap3rramid  of  107^  19' ;  and 
840  24';  bads  ==  102*  41'.  The  secondary 
figaies  are,  the  prhnitive  Tatiously  truncated 
or  acuminated,  sod  delicate  aciculav  orystalb 
Shiaaig  or  glimmering.  Cleavage  prismatic 
and  aiifhmgible.  Fracture  uoeven.  Trans* 
hioant.  Befincta  double.  Harder  than  talc. 
Brittle.  When  rubbed,  it  exhales  a  faint 
sulphureous  smell,  and  becomes  redno-electric 
8p.  gn  1'9  to  2*1.  It  oocuia  in  eonsideiable 
•hunihice  in  primitive  mountsina,  in  a  state 
of  eonbinatlon  with  metals,  formli^  tiie 
4ffisMit  gtMntof  pyzitoy  ghBce^  and  Uende. 


In  secondary  mountains  it  is  more  abundant 
in  the  pure  uncombined  state.  It  Is  found  in 
the  island  of  Iceland,  associated  with  gypsum ; 
or  in  crusts  investing  alluvial  substances. 
Very  superb  specimens  of  crystallized  sulphur 
are  found  at  ConU  near  Cape  Trafalgar.  It 
occurs  abundantly  in  Sicily,  at  Urbino  in  tlie 
Papal  States,  in  Arragon  in  Spain,  and 
Lauenstem  in  Hanover. 

§  2.  Earthy  conwton  sulphur.  Colour  palo 
stAw-ydlow  Massive  and  disseminated. 
Dull.  Fracture  fine  earthy.  Opaque.  Doen 
notsoiL  Soflto  friable.  It  occurs  in  drusy 
cavities  in  flint,  and  along  with  the  compact 
varieties  in  gypsum,  and  other  rocks. 

2.  Vokanie  sulphur.  Colour  pale  sulpbinr- 
yellow.  Massive,  imitative,  and  crystaUized 
in  pyramids.  Glistening,  inclining  to  atla- 
maotincb  Fracture  uneven.  Slightly  trans- 
lucent.  It  occurs  abundantly  at  Solfaterra  in 
the  neighbourhood  of  Vesuvius,  and  in  Ice- 
land. — Jameson* 

SULPHUR.  A  simple  inflammable  body, 
of  great  importance  in  chemistry  and  the  arts. 
To  the  properties  above  mentioned  we  shidl 
here  add,  that  its  fusing  point  is  about  220<> 
F.,  before  which  temperature  it  begins  to 
evaporate.  At  560<^  it  takes  fire  in  the  open 
air,  and  bums  with  a  pale  blue  flame.  When 
kept  melted  in  an  open  vessel  for  some  time, 
about  3000  F.,  it  becomes  thick  and  viscid ; 
and  if  it  be  then  poured  into  a  basin  of  water, 
it  appears  of  a  red  colour,  and  ductile  like 
wax.  In  this  state  it  is  used  for  taking  im- 
pressions of  seals  or  medals.  Its  sp.  gr.  is  tmid 
to  be  increased  from  1-99  to  2-325.  This 
change  is  not  owing  to  oxidation,  for  it  takes 
place  in  dose  vessds. 

When  a  roll  of  sulphur  is  suddenly  seized 
in  a  warm  hand,  it  crackles,  and  sometimes 
falls  in  pieces.  Tlus  is  owing  to  the  unequal 
aetion  of  heat,  ou  a  body  which  conducto  that 
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power  ikmly,  and  which  hat  Iktk  cohggjmi. 
if  a  man  of  mlphur  be  melted  in  a  crucible^ 
and  after  the  nur&oe  begins  to  ooDcretef  if  the 
liauid  matter  below  be  allowed  to  run  oat,  fine 
ancular  crytttals  of  solphor  will  be  obtained. 

Salphar  is  insoluble  in  water;  but  io  imall 
quantity  in  alcohol  and  ether,  and  more  laigdy 
in  oiJ. 

Sulphur  combines  with  oxygen  In  four 
definite  proportions,  constituting  an  interesting 
series  of  acids.     See  AciD  ^S(7tPHuaic). 

From  these  combinations  it  is  infcned,  that 
the  prime  equivalent  of  sulphur  is  2 ;  and  the 
density  of  iu  vapour  is  1.11 1  =  that  of  oxygen 
gas. 

Sulphur  combines  readily  with  chlorme. 
This  compound  was  first  made  by  Dr.  Thom- 
son, who  passed  chlozioe  gas  tluough  flowen 
of  sulphur.  It  may  be  made  more  expedi- 
tiously by  heating  splphur  m  a  retort  con- 
taining cblorine.  The  sulphur  and  chlorine 
unite,  and  form  a  fluid  «ub8tance,  which  is 
volatile  below  200''  F.,  and  distils  into  the 
cold  part  of  the  retort.  This  substance,  seen 
by  reflected  light,  appears  of  a  red  colour,  but 
if  yeUowiih-grcen  when  seen  by  transmitted 
light.  It  smokes  when  exposed  to  air,  and 
has  an  odour  somewhat  resembling  that  of 
sea-weed,  but  much  stronger;  it  ^ects  the 
eyes  like  the  smoke  of  peat.  Its  taste  is  acid, 
hoi,  and  bitter.     Its  sp.  gr.  is  I.?. 

It  does  not  redden  perfectly  dry  pi^er 
tinged  with  litmus;  when  it  is  agitated  in 
contact  with  water,  the  water  beoomes  cloudy 
froukthe  appearance  of  sulphur,  and  stronsly 
add/iuid  it  is  found  to  contain  oil  of  vitrioL 

According  to  Sir  H.  Davy*s  experiments, 
10  gmins  m  pure  sulphur  absorb  nearly  90 
cubic  inches  of  chlorine,  so  that  the  compound 
contains  about  2  sulphur  to  4.5  chlorine,  cr  a 
prime  equivalent  of  each. 

The  compound  formed  in  thenumner  above 
described  cannot  be  made  to  unite  to  mart 
dilorina;  but  it  can  dissdve  a  considerable 
portion  of  sulphur  by  heat,  and  becomes  of  a 
tawny.ycUow  colour. 

Iodide  of  sulphur  is  easily  formed  by  mix- 
ing the  two  ingredients  in  a  glass  tube,  and 
exposing  them  to  audi  a  heat  as  melts  the 
sulphur.  It  is  gEayish-Uack,  and  baa  a 
radiiated  structure  like  that  of  sulphuret  of 
antimony.  When  distilled  with  water,  iodine 
is  disengaged. 

Sulphur  and  hydrogen  combine.  Their 
union  may  be  effected,  by  causing  sulphur  to 
sublune  in  dry  hydrogen  in  a  retort.  Tbeie 
is  no  change  of  vcdume ;  but  only  a  part  of 
the  hydrogen  can  be  united  with  the  suiphuv 
in  this  mode  qf  operating. 

The  usual  way  of  preparing  sulphuretted 
hydrogen  is  to  pour  a  dilute  sulphuric  or 
muriatic  acid  on  the  black  sulphuret  of  iron 
or  antimony  in  a  retort.  For  accumte  ex- 
periments it  should  be  collected  over  mercury, 
it  takes  fire  when  a  lighted  Uper  is  brought 


in  aoDlact  wish  1^  and 
flame,  depositing  su^ur.  .  Ita  ondl  is  ck- 
tzemely  Md^  itspmhling  that  of  rottea  egg^ 
Its  taate  is  sour.     It  leddena  wcgetable  bloea. 
It  is  absocbable  br  water.^  which  takes  ef* 
mora  than  an  equal  volume  of  the  ga^    In 
tp,  gr.  acoonUng  to  MM.  Qmy  ttJitms  and 
Thenaid,  is  to  that  of  air  aa  i.l9U  to  I JL 
From  Sir  H.  Davy^a  experiments,  it  vodd 
appear  to  be  a  little  leas,  but  he  ia  indined  to 
adopt  the  results  of  the  French  rhpmistt,  rather 
than  his  own,  as  their  eaa  waa  vdj^ied  in 
lazger  quantity,  and  diia^     Notvithatandi^ 
this  preference  of  other  expfrimenta  to  hisowa, 
we  must  prefer  a  number  nearer  to  Sir  H. 
I>avy*s  than  M.   Osy  Lnasac'a.      Its  ime 
sp.  gr.  is  1.180&.     100  cubic  ineliBa  «e^ 
80.006 ;  and  it  consiato  of  1  Tohnae  T^ov  of 
sulfur  =  1.1111  +  1  vohime  of  hydnpa 
=  04)004  =  1.1806;  or  a  prime  cqaivalat 
of  each  =  2.125.    If  platina  wires  be  igniiad 
in  it,  by  the  voltaic  apparatna,  it  la  rapidfy 
decomposed*    Sulphur  is  deposited,  and  aa 
equal  T<dume  of  hydrogen   remaiai.     The 
same  change  ia  effected  more  slowly  by  dectiic 
q»rks. 

M.  Berthier  reooomiends  the  foiDowing  ps»- 
eess  for  procuring  pnie  sulphuretted  faydrogn 
at  an  economical  rate:  powdered  *<«—*«» 
iron  pyritea  is  to  be  mixed  with  half  its  we^ 
of  diy  carbonate  of  soda,  and  heated  red  bst 
in  a  crucible ;  a  fbsed  su^uret  of  aodiaai 
and  iron  is  obtained,  which  may  be  posaed 
out  on  a  stone  to  eooL  It  ia  thea  a  home- 
geneotts  deep-yeEow  ookmnd  mass,  boring  a 
buneOar  fmctute.  It  absorbs  much  water. 
forming  with  it  a  Uack  paste,  whifh»  wha 
acted  on  by  sulphuric  or  muriatic  add,  ia- 
standy  yields  abundance  of  sulpbyirtted 
hydrogen ;  leaving  a  black  sulphuret  of  iron, 
which,  by  the  application  of  add  and  bea^ 
will  yield  a  second  portion  of  the  gas. 

Sulphuret  of  lime,  made  by  decomposing 
die  sulphate  at  a  high  heat,  with  ooe-fiiUi  of 
its  wdght  of  charooaLi  yields  46.8  acr  cenL 
of  sulphuretted  hydiqgoi,  when  acted  co  with 
dilute  muriatic  acid.  Aim»  de  Chmiiy  xxiv. 
271. 

,When  a  few  dropsof  fuming  nitric  acid  are 
nut  into  a  flask  flUed  with  pure  salphuietted 
hydrogen,  the  hydrogen  is  oxidised  by  the  nitric 
acid,  and  the  sulphur  ia  diaengsged  in  s  solid 
form.  If  the  flask  be  dosed  widL  the  finger, 
so  that  the  gas  which  beoomes  heated  csnnot 
escape,  its  temperature  is  raised  so  much  ss  to 
produce  cembuation  with  a  beantifol  flame, 
and  a  slight  detonation  wfaidi  foioeathe  foigs 
from  the  mouth  of  the  flask.  ThiaexpcriDuat 
may  be  made  without  the  least  daiuer,  witha 
flask  containing  four  or  &v  cnbkaf  indm  of 
ga&     BerxeUm$, 

Of  all  the  gases,  sulphuretted  hydngen  is 
perhaps  the  most  ddeterions  to  animal  lif& 
A  greenfinch,  plunged  into  air.  which  contains 
only  .^^  of  ita  vobmie,  periahea^iaataod]!. 
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A  doB  ^  niUlo  fte  k  aeatrayeA  In  §tt  thftt 
eDotaias  y^;  and m  bone  vould  flJl  a  tiedm 
to  an  atDMMpbcn  contaliriiig  ig^if* 

Dr.  dianasier  proves,  that  to  kfll  an  ani. 
mal,  it  is  sufficient  to  make  the  sulphuretted 
hydrogen  gas  act  on  the  surfiice  of  its  body, 
irlien  it  is  shsorbed  by  the  inhalants.  He 
took  a  bbidder  havbig  a  stop-cock  at  one  end, 
and  at  the  other  an  openbig,  into  which  he 
introduced  the  body  or  a  rabbit  leaTing  its 
head  outside,  and  securing  the  bladder  air. 
tight  round  the  neck  by  adhcsiTV  plaster.  He 
then  sudced  the  air  out  of  the  bladder,  and 
ttplaced  it  by  sulphuretted  hydrogen  gas.  A 
young  animal  in  tiiese  cirenmstanoes  usually 
perishes  in  16  or  20  minutes.  Old  rabbitt 
Ksist  the  poison  mudi  longer. 

When  potassium  or  sodium  is  heated, 
merely  to  fusion,  in  contact  with  sulphuretted 
hydrogen,  it  becomes  luminous,  and  bums 
widi  eztiioadon  of  hydrogen«  while  a  metallic 
sulphuiet  remains,  combined  with  sulphu- 
tetted  hydrogen,  or  a  solpouivtted  hydro* 
solphuret. 

oolpbuTetted  hydn^jen  combines  with  an 
equal  volume  of  ammonia,  and  unites  to 
aUcalia  and  oxides,  so  diat  it  has  all  the 
dmracters  of  an  acid.  These  compounds  are 
called  hvdrfmtlphuret9. 

An  the  hySrosulphBreU^  soluble  in  water, 
have  an  acrid  and  bitter  teste,  and,  when  in 
dieliquid  state,  the  odour  of  rotten  eggs.  All 
thooe  which  are  insoluble  are,  on  the  contrary, 
hisipid,  and  without  smelL  There  are  only 
two  ooloured  hydrosulphurets,  that  of  iron, 
which  is  black,  and  of  antimony,  which  is 
dicstiiot-brown. 

AH  die  bydrosnlphttrets  are  decomposed  by 
die  action  of  fire.  That  of  magneda  is  tnms- 
fonned  into  sulphuretted  hydrogen  and  oxide 
of  magnesium ;  those  of  potash  and  soda,  into 
solnburetted  hydrogen,  hydrogen,  and  snl* 
1  alkalis;  &ose  of  manganese,  shic, 


hoiH  tin,  and  anthnony,  into  water  and  me. 
taUic  sulpburets. 

When  we  put  in  contact  with  the  idr,  at  the 
ordinary  tempentore,  an  aqueous  solution  of 
a  hydrosulphuret,  there  results,  in  the  space 
of  some  days,  1st,  water,  and  a  sulphuretted 
hydrosulphuret,  whidi  is  yellow  and  soluble ; 
2d,  water,  and  a  cottouriess  hydrosulphite, 
whidi,  if  its  base  be  potsiih,  soda,  or  ammo, 
nia,  remains  in  solution  in  the  water;  but 
whidi  iklh  down  in  aclcular  crystals,  if  its 
base  be  barytes,  strontia,  or  lime. 

The  acicb  in  general  combine  with  die  base 
of  the  hydrosu^urets,  end  disengage  snl. 
pnuielted  hydrogen  with  a  lively  efftrresoence, 
withoot  any  deposition  of  sulphur,  unless  the 
Mid  be  in  excess,  and  be  capable,  Kke  the 
nitric  and  nitrous  acid,  of  yidding  a  portkm 
of  its  oxygen  to  the  hydro^  of  the  sulphu- 
Rtted  hydrogen. 

The  hydxosnlnhttretB  ci  potash,  soda,  am- 

'  '  X  fime^  and  magnesia,  are  pitpaied  di. 


roetly,  by  tnnsinltting  an  excess  of  sulpha, 
letted  hydrogen  gas  through  these  bases,  dis- 
solved  or  diffused  in  water. 

The  composition  of  die  hydrosulphurets  is 
such,  that  the  hydrogen  of  the  sulphuretted 
hydrogen  is  to  the  oxygen  of  the  oxide  in  the 
same  ndo  as  in  water.  Hence,  when  we 
caldne  the  hydrosulphureti  of  iron,  tin,  &c. 
we  convert  them  into  water  and  salphuiets. 

ffydrotulphuret  of  potath  crystallizes  in 
ibnr-rided  prisms,  teraiinated  by  four^ded 
pyramids.  Its  taste  is  acrid  and  bitter.  Ex. 
posed  to  the  air,  it  attracts,  humidity,  absorbs 
oxygen,  passes  to  the  state  of  a  sulphuretted 
hydrosulphuret,  and  finally  to  that  of  a  hy. 
drosulphite.  It  is  extremely  soluble  in  water. 
Its  solution  in  this  liquid  occasions  a  per. 
eeptible  reiHgerttion.  Subjected  to  heat,  it 
evolves  much  sulphuretted  hydrogen,  and  the 
hydrosulphuret  passes  to  the  state  of  a  sub- 
hydrosulphureti 

Hydrosufjhwrt  cf  toda  crystallizes  with 
moro  difficulty  than  the  preceding. 

Hydromljihuret  ofttmmoma  is  obtained  by 
the  dhect  union  of  the  two  gaseous  constituents 
in  a  glass  balloon,  at  a  low  temperature.  As 
soon  as  the  gases  mingle,  transparent  white  or 
jreOowish  crystals  are  formed.  When  a  mere 
sohidon  of  this  hydrosulphuret  is  wished  for 
medidne  or  analysis,  we  {mss  a  current  of 
sulphuretted  hydrogen  tlmmgh  aqueous  am- 
monia  till  saturation. 

The  pure  hydrosulphuret  is  white,  trans, 
parent,  and  crystalljxed  in  needles  or  fine 
plates.  It  is  very  volatile.  Hence,  at  ordi- 
nary temperatures.  It  gradually  sublimes  into 
the  upper  part  of  the  phials  in  which  we 
preserve  iL  We  may  also  by  the  same  means 
separate  it  from  the  yellow  sulphuretted  hy- 
drosulphuret, with  which  it  is  occasionally 
mixed.  When  exposed  to  the  air,  it  absorbs 
oxygen,  passes  to  the  state  of  a  sulphuretted 
hydrosulphuret,  and  becomes  yellow.  M^hen 
it  contains  an  excess  of  ammonis,  it  dissolves 
speedily  in  water,  with  the  production  of  a 
very  considerable  cold. 

SfubJiydrotulphuret  of  harytct  is  prepared 
by  dissolving,  in  five  or  six  parts  of  boiling 
water,  the  sulphuret  of  the  earth  obtained  by 
igniting  the  sulphate  with  cIiarcooL  The 
solution  bdng  filtered  while  hot,  will  dqiosit, 
on  cooling,  a  multitude  of  crystals,  which 
must  be  drained,  and  speedily  ined  by  pres- 
sor between  the  folds  of  blotting  paper.  It 
crystallizes  in  white  scaly  plates.  It  is  much 
more  soluble  in  hot  than  in  cold  water.  Ita 
Solution  is  colourless,  and  capable  of  absorb- 
ing, at  the  ordinary  temperature,  a  very  large 
quantity  of  sulphuretted  hydrogen. 

Sttb-hi/drosfiiphurrt  qfttrontiteit  crystallizes 
hi  the  same  manner  as  the  preceding.  The 
crystals  obtained  in  the  same  way  must  be 
dissolved  in  water;  and  the  solution  being 
exposed  to  a  stream  of  sulphuretted  hydrogen, 
and  then  concentrated  by  evaporation  tn  a 
3c2 
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icfsrt.  will  aAird,  on  oooUog,  oiyatab  of  pwe 
snb-hydioialphaTeC 

Hydmulphoreu  of  lime  and  magoetia 
have  been  obuuDed  only  in  aqueous  aolutioDS. 
The  metallic  hydioflulphurets  of  any  practical 
importance  are  treated  of  ander  their  respactiTe 
metali. 

When  we  ezpoae  sulphur  to  the  action  of 
a  solution  of  a  hydrosulphuiet,  satuxated  with 
sulphuretted  hydrogen,  as  much  more  sol* 
phuretted  hydrogen  is  evolved  as  the  tem* 
perature  is  more  elevated.  But  when  iIm 
soltttioo  of  hydrosulphuret,  instead  of  being 
saturated)  has  a  sufficient  excess  of  alkali,  il 
evolves  no  perceptible  quantity  of  sulphured 
hydrogen,  even  at  a  boiling  heat ;  although  it 
dissolves  as  much  sulphur  as  in  its  state  of 
saturation.    It  hence  follows,  1st,  That  suU 

Ehurctted  hydrogen,  sulphur,  and  the  alkalis, 
ave  the  property  of  iSnniiBg  very  vatiaUs 
triple  combinations ;  2d.  That  all  these  oom- 
bioations  contain  less  sulphuretted  hydrogen 
than  the  hydrosulphurets ;  and,  3d,  That  the 
quantity  of  sulphuretted  hydrogen  is  inversely 
as  the  sulphur  they  contain,  anid  reciprocally. 
These  compounds  have  been  called,  in  general^ 
sulphuretted  hydioaulphurets;  but  the  naose 
of  hydzogeaatea  sulphuiets  is  more  particularly 
given  to  those  combinations  whidi  are  satarated 
with  sulphur  at  a  high  temperature,  beeanae, 
by  treating  them  wiu  acids,  we  predpilate  a 
peculiar  compound  of  sulphur  and  hydrogen, 
of  which  we  shall  now  treau 

Thi;i  compound  of  hydrogen  and  sulphur, 
the  proportions  of  the  demonts  of  which  have 
not  yet  been  aocnrately  asceAained,  is  also 
called  hydruiet  of  sulphur.  It  is  ibrmed  by 
puttmg  flowers  of  sulnhur  in  contact  with  nas- 
cent sulphuretted  hydrogen.  With  this  view, 
we  take  an  aqueous  solution  of  the  hydrogen 
nated  sulphuret  of  potash,  and  poor  it  gi». 
dually  into  liquid  muriatic  add,  which  s&es 
the  potash,  and  forms  a  soluble  salt,  whilst 
the  siflphur  and  sulphuretted  hydrogen  unites 
itJl  down  together,  collecting  by  degrees  at  the 
bottom  of  the  venel,  as  n  dense  odl  does  in 
water.  To  preserve  this  hydniret  of  sulphur, 
we  must  fill  with  it  a  phial  having  a  ground 
stopper,  cork  it»  and  keep  it  inverted  in  a  cool 
place.  We  may  consider  this  substance  either 
as  a  combination  of  sulphur  and  hydrogen,  or 
of  sulphur  and  sulphuretted  hydrogen;  but 
its  nroperties,  and  the  mode  of  obtuning  it, 
render  the  latter  the  more  probable  opiniea. 
The  proportion  of  the  constituents  is  not 
known. 

.  The  most  interesting  of  the  hydeogcnated^ 
sulphurets  is  that  of  ammonia.  It  was  dis. 
covered  by  the  Hon.  Robert  Boyle,  and  called 
his  fuming  Uquor.  To  prepan  it,  we  take  one 
part  of  muriate  of  ammonia  and  of  pulverised 
quicklime,  and  half  a  part  of  flowers  of  sul- 
phur. After  mixing  them  intimately,  we 
introduce  the  mixture  into  an  earthen  or  glass 
retort,  caking  care  that  none  of  itxeoBains  in 


tp0  ncMk.    A  wy  i 

to  the  retort  by  moans  of  8 1 

The  heat  mustbe^iged  slowif  i 

ness.    A  yellowish  Uqnor  flonifiMf  a  m  fht 

neoeivcr,  which  is  to  be  pot  into  a  pinal  vithitt 

own  weight  of  flowers  of  ■odplnu',  aod  i 

with  it  seven  or  of^  nnratao.    Tim  { 

part  of  the  sulphur  is  dissolved,  the 

the  mixtnie  deepens  ranaskaUy,  and  1 

thick,   floastitnting   tke  hydiagirnaind   ^ 

phuret. 

The  distilled  liquor  diftHea,  fin-  a  ki« 
time,  dcDsevmpourina  jsvfnUof  OKjfigtB  at 
oonunon  air  i  bat  sosreely  any  ha  aaota  or  hy- 
drogen; and  the  dryncaa  or  humAdi^  af  the 
gases  md^  no  difference  in  the  cffiseta.  Itis 
probably  owing  to  the  oxygen  ouufmiug  the 
liquor  into  a  hydrqgenatad  aalplmret,  «r  per- 
haps to  the  alaln  of  solpbilB,  that  ' 
appear. 

Hydrogonatod    sul^aieti  an 
adled  hydrogucetted  anlplunetB. 

Sulphur  eon  ~ ' 
an  interesting  compound,  to  which  the  i 
of  sulphuret  of  caAon  is  •omrtimfa  given. 
1  have  described  it  under  the  title  Camm  vmmy 
OP  SuLPHim.  Foi  the  foinUiaallans  «£ 
sulphur  and  phosphonia,  see  tha  latls  ar- 
ticle. 

SULPHURETS  OF  ALKALIS  AJgP 
BARTHS.  HcKloCon  diese  wwe  lecfconed 
compounds  of  ^  ilkalia  and  earths  iln'iaa  I  ii  la 
with  sulnhur,  that  ia,  onlnhtantied  endcs; 
bat  M.  Bctthiff  baa  proved  diat  th^  me  al 
true  metdlic  solphiueftB.  He  Mdaesa  the  sul- 
phates of  alkalis  into  aulphweta,  net  by  niz- 
mg  them  direcdy  with  powdered  chareaal,  bat 
by  placing  them  in  die  ontoe  of  a  uutBhie, 
thickly  lined  widi  chaieoal,  eovartig  tkaas 
Vidi  the  sanse  substance,  and  after  having 
luted  on  a  covs,  heating  dw  whole  in  a  4«r. 
naoe.  In  thia  way  the  inlphates  an  lednesd 
by  cemctttatioii.  All  are  icdndhia  at  a  white 
heat,  and  where  the  aolphniet  is  iasible  vesy 
quidJy.  In  this  way  not  only  an  pme  snl- 
phurets  thnoNd,  hut  die  rsndt  nu^  be  eel. 
lected  without  the  smallest  loss,  ita  weigl* 
ascertained,  and  the  weight  of  oxygea  evolfcd 
accurately  estimated. 

If  a  sulphate  of  h8lyte^  strondtes,  or  Ume 
be  thus  seduced  to  a  sulphuret,  and  wtighed, 
the  loss  will  be  Ibund  to  eqoal  exacdy  the 
quantity  ef  oxygen  centained  in  the  base  sad 
die  add.  If  the  solphuiet  be  diasslved  in 
dilute  mnriadc  add,  nodung  will  be  liberatid 
but  pate  sulphntetted  bjrdmen ;  no  sulphur 
will  be  set  free,  nor  anv  acid  eontalBing  sal- 
phurand  oxygen  fimoea ;  finally,  if  a  poitieD 
of  the  sulphuret  be  heated  in  a  enidUeor  sQvcr, 
with  nitre  eqoal  to  three  or  four  tioMs  its  wcjght, 
the  su^hate  regenerated  will  eonespond  with 
the  quantity  of  sulphuret  cnploytd,  and  wiD 
cootam  ndther  add  nor  base  in  exeass.  Thoie 
three .  experimenta  prove  that  the  snlpkum 
produced^oontauunooBjg^a,  and  ^oMagnwrty 
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tM'Avlwielflfi'tiMmeta&lestMft.'  Jottm, 
dtt  Minet^  vH.  421. 

SULPHURETTED  CHYAZIC  ACID. 
See  Acid  (9i7i.PBuiiopRUB6tc). 

SULPHURIC  ACID.  See  Acid  (Sul- 
phuric). 

SULPHUROUS  ACID.  See  Acid  (Sul- 

PHU&OUS). 

SUMACH.  CommoD  sumach  (rhns  cori- 
nte)  is  a  sbnib  ihat  mws  natmallv  in  Syria, 
Palestine,  Spain,  and  PbrtugaL  In  the  two 
Iwrt,  it  is  cultiTated  with  great  cans.  Its  shoots 
an  out  down  e?ery  y far  quite  to  the  root ;  and, 
after  being  dried,  they  tstp  reduced  to  powder 
liy  a  mill,  and.  thus  prepared  tat  the  purposes 
m  dreing  and  tanning.  The  sumadi  culti^ 
▼ated  in  the  neighbourhood  of  Montpellicr  is 
called  rSdoul,  Or  roadott, 

Mr.  Hatchett  found,  that  an  ounce  cootains 
about  78  or  79  grains  of  tanninr 

Sumach  acts  on  a  solution  of  silTer  just  as 
galls  do ;  it  reduces  the  silver  to  its  metallic 
state,  and  the  nduction  is  fkvomed  by  the  ac- 
tioB  of  light. 

Of  an  astringents  sumach  beers  At  greatest 
rosemUanoe  to  galls.  The  jpredpitate,  how- 
ever, produced  in  solutioos  of  iron  by  an  hifu- 
skm  of  it,  is  less  in  quantity  than  what  is  ob- 
tained by  an  equal  weight  of  galls ;  so  that  in 
most  esses  it  may  be  substituted  for  galls,  the 
price  of  wfaidi  is  considerable,  provided  we 
^Mporticnally  IncKsse  its  quantity. 

sumach  alone  gives  a  lawn  odlour,  indining 
to  gKen ;  but  cotton  stuffi^  which  have  been 
Impregnated  with  printer's  mordant,  that  is, 
aoetate  of  alumina,  take  a  pretty  good  and  very 
Airablo  yeOow^  An  inconvenience  is  ezpert- 
enoed'  in  empkyinff  sumach  in  this  way, 
lAAeh  ariHs  nom  ine  fixed  nature  of  its  oo- 
loor ;  the  ground  ni  the  stuff  does  not  lose  its 
aolour  by  exposure  on  the  grass,  so  that  it  be- 
comes noeesssry  to  impregnate  all  the  stuiF 
with  diffident  mordants,  to  vary  the  colouis, 
inthont  leaving  any  part  of  it  white. 

SUPERSALT.  A  compound  of  an  add 
ai|d  base,  in  whidi  the  acid  »  in  excess.    See 

8UB8AI.T. 

6UPER6ALTS.  Salts  with  excess  of 
add. 

8URTURBR AND.  Fibroas  brown  coal 
erMCmuDOBS  wood,  so  called  m  lodand,  where 
it  occurs  in  great  quantities. 

SWAMP  ORE.    Indurated  bog  iron  ore. 

SWEAT.  When  the  temperature  of  the 
body  Is  modi  increased,  dther  by  being  ex- 
posed  to  a  hot  atmosphere  or  by  vii^tfnt  exer- 
cise»  thepenpind  vapour  not  only  increases  in 
quantity,  but  even  appean  in  a  liquid  form. 
This  is  Imown  by  the  name  of  twcat, 

Beaide  water,  it  cannot  be  doubted  that  car* 
Aofi  is  also  emitted  from  the  skm;  butinwhat 
state,  the  experiments  hitherto  made  do  not 
enable  us  to  decide.  Mr.  Qruickshanks  found, 
that  the  air  of  the  glass  vessd  in  which  his 
hand  and  loot  had  been  confined  for  an  hour. 


contained  csrbonlc  add  gas;  for  a  candle 
burned  dimly  in  it,  and  it  rendered  lime  water 
tuibid.  And  Mr.  Jurine  ^nd  that  air  which 
bad  remained  for  some  time  in  contact  with 
die  skin,  consisted  almost  entirely  of  carbonio 
aoid  gas.  The  same  oondusion  may  be  drawn 
from  the  experimenis  of  Ingenhouaz  and  Mil- 
ly.  Trousset  has  latdy  observed^  that  air  was 
separated  copioudy  from  a  patient  of  his,  while 
bathing. 

-  Bedde  water  and  carbon,  or  carbonic  add 
gas,  the  skin  emits  also  a  particular  odorous 
substance.  That  every  animal  has  a  peculiar 
smell  is  well  known  t  the  dog  can  discover  his 
master,  and  even  trace  him  to  a  distance  by 
the  seent.  A  dog,  dunned  up  several  hours 
after  his  master  had  set  out  on  a  journey  of 
some  hundred  miles,  followed  his  footsteps  by 
the  smell.  But  it  is  needless  to  multiply  in- 
stances of  this  fact;  they  are  too  well  known  to 
every  one.  Now  this  smdl  must  be  owing  to 
some  peculiar  matter,  which  is  constantly 
emitted;  and  this  matter  must  differ  somewhat, 
either  in  quantity  or  some  other  property,  as 
we  see  that  the  dog  easily  distmguidies  the  in.i 
dividual  by  means  of  iu  Mr.  Cruickshanks 
has  made  it  probable,  that  this  matter  is  an 
oily  substance ;  or  it  least  that  there  is  an  oily 
substance  emitted  bv  the  ddn.  He  wore 
zepeatedlv,  night  and  day  for  a  month,  the 
same  under  waistcoat  of  fleecy  bodery,  during 
the  hottest  part  of  the  summer.  At  the  end 
of  this  timehe  always  finmd  an  ofly  substsnee 
accumulated  in  condderable  nuttses  on  the  nap 
of  the  inner  surface  of  the  waistcoat,  in  the 
form  of  black  tears.  When  rubbed  on  paper 
it  rendered  it  transparent,  and  hardened  on  it 
like  grease.  It  burned  with  a  white  flame,  and 
left  behind  it  a  chany  residuum. 

Berthollet  has  observed  the  perspiration 
add;  and  he  has  oonduded,  that  ttie  add 
idiicfa  is  present  is  the  phosphoric ;  but  this 
has  not  been  proved.  Fourcroy  and  Vaoque- 
Un  have  ascertained,  that  the  scurf  which  col- 
lects upon  the  skins  of  horses  consists  chiefly 
0(  phosphate  of  lime,  and  uzea  is  even  some- 
times  mixed  with  it 

According  to  Theiiard,  however,  who  has 
latdy  endeavoured  more  particularly  to  ascer- 
tain this  point,  the  add  contained  in  sweat  is 
the  acetous ;  which,  he  likewise  observes,  is 
the  only  free  add  contained  in  urine  and  in 
milk,  this  add  existing  in  both  of  them  when 
quite  fresh.  His  account  of  his  examination 
ofit  is  as  follows: — 

The  sweat  is  more  or  less  copious  in  dif- 
ferent individusls;  and  its  quantity  is  per- 
ceptibly  in  the  inverse  ratio  of  that  of  the 
unne.  All  other  dicumstances  being  similar, 
much  more  is  produced  during  digestion  than 
during  repose.  The  maximum  of  its  produc- 
tion appears  to  be  twenty-six  grains  and  two- 
thirds  in  a  minute ;  the  minimum  nine  grainn, 
troy  weight.  It  is  much  inferior,  however,  to 
the  pulmonary  transpiration;   and  there  is 
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Itkewbe  8  gvciildSflbaiM  between  llMkiwInn 
•nd  Dianoer  of  formatioD.  The  one  is  a  pro* 
dact  of  a  particular  eecretioii,  similar  in  some 
sort  to  tittt  o£  tlie  urine ;  the  other,  oom- 
posed  of  a  great  desl  of  water  and  carbonic 
acid,  is  the  product  of  a  combustion  gradually 
effected  by  the  atmospheric  air. 

The  sweat,  in  a  healthy  state,  Tery  sensibly 
reddens  linnus  paper  or  infusion.  In  certain 
diseases,  and  particularly  in  nutrid  feTen*  it 
it  alkalinr ;  yet  its  taste  is  always  rather  sa- 
line, end  more  similar  to  that  of  salt  than 
add.  Though  colourless,  it  stains  Unen.  Its 
nnell  is  peoiliar,  and  insupportable  when  it 
is  concentrated,  which  is  the  case  in  particular 
during  distillation.  But  before  he  speaks  of 
the  trials  to  which  he  subjected  it,  and  of 
which  he  had  occasion  for  a  great  quantity, 
he  describes  the  method  he  adopted  for  pro- 
curing it,  which  was  similar  to  that  of  Mr, 
Cruidcshaaks. 

Human  sweat,  according  to  M.  Thenard, 
is  formed  of  a  ^raat  deal  of  water;  ilree  aoa. 
tousacid;  munate  of  soda;  an  atom  of  phoa- 
phatc  of  lime,  and  oxide  of  iron ;  and  an  in« 


to  any 


ippeefabts  qnaad^  of  i 
approadies  mudi  nencr  to  | 
other  Bubstanoe. 

SWINESTONB.    A  iraiiety  «r  < 
Ittcnilxte,  a  sub-spedes  of  Wnifgionew 
SYLVANITE.    Natiire  tdhnmm. 
SYLVIUS  (Salt  or)  or  FISBRIFUGK 
(Salt  or  V.     Muriate  of  potash. 

SYNOVIA.  Within  the  cnpookr  ^. 
ment  of  the  diflkent  Joints  of  Ae  body  tkcK 
Is  contained  a  peculiar  liquid,  intwMhJ  evi- 
dently to  lubricate  the  part^  and  to  fnriliiwtp 
their  motioD.  This  Uqnid  is  known  aBiang 
anatomists  by  the  name  of  lyoovto. 

From  the  analysis  of  M.  MaigWRm,  k 
appears  that  synovia  is  corapooed  of  tfie  fol- 
lowing ingredients: 

11-86  fibrous  matter 
4*52  allmmen 
1<7&  mnriate  of  soda 
•71  soda 

•70  phosphate  of  Hme 
8(M6  water 


10(MK> 


TABASHEER.  The rilica  which  is  fbund 
in  the  hdlow  stem  of  the  bamboo  is  so  named, 
lu  optical  properties  are  peculiar.  They  hare 
been  described  by  Dr.  Brewster,  FhiL  Trans, 
1819. 

TABULAR  SPAR,  or  Table  Spar. 
Tlie  schaalstein  of  Werner,  and  prismatic  au- 
gite  of  Jameson. 

Colour  gra3rish- white.    Massire^  and  in  an- 

gilar-granular  concretioDS.  Shining  Pfvly* 
karage  double.  Fracture  splintery.  Trans- 
lucent. Harder  than  fluor  spar,  but  not  so 
hard  as  apatite.  Brittle.  Sp.  gr.  3-2  to  3-6.  Its 
onnstituents  are,  silica  50,  lime  45,  water  5.-.- 
Klapraih,  It  occurs  in  primitire  rocks,  at 
Orawicza  in  the  Bannat  of  Temeswar,  when 
it  is  associated  with  brown  ganiets. 

TACAMAHAC.  A  resm,  baring  the  aro- 
ma  of  musk,  and  soluble  m  akohoL 

TALC.  Of  this  mineral.  Professor  Jame- 
son's rizth  sub-spedes  of  rhombmdal  mica, 
there  are  two  kinds ;  common  talc,  and  indu- 
rated talc. 

1.  Common  talc.  Colour  greenish-white^ 
Msssi?e,  disseminated  in  plates,  imitative,  and 
sometimes  crystallised  jn  small  six-sided  tables 
which  ace  druses.  Splendent,  pearly,  semt- 
metallic  Qesvage  single,  with  curred  folia. 
Translucent.  Flexible,  but  not  ehstic  Yields 
to  the  oaiL  Perfectly  sectlle.  Feels  rery 
greasy.  Sp.  gr.  2-77-  It  whitens,  and  at 
length  affords  a  small  globule  of  enamel, 
before  the  blowpipe.  Ite  oopstituents  are, 
silica  C2,  magntda  27,  alumina  1.5,  oxide  of 


iron  S-5,  water  fL-^VamqnOlm, 
found  2*75  of  potadi  in  100  nan.    It 


In  beds  in  mics-slate  and  day  slets  U.  Is 
foond  in  Aberdeenshire,  ] 
shire.  The  finest  apedmcnaeome  ftvm  Salto- 
burg,  the  Tyn^  and  St.  OolliBidi  It  is  an 
Ingredient  in  rouge  for  die  toOette,  alsng  with 
cumine  and  benaoin.  Thiacoameikei— mi- 
nicates  a  remaikabla  d^ne  of  aofteess  to  tlie 
skin,  and  b  not  injuriooa.  The  ficsh  polirii 
Is  ffiven  to  gypsum  figuiea,  by  mbbing  them 
withtak. 

2.  IndnraUd  taiA,  or  faie  tttte,  Colov 
ffreenish-gray.  Maasiie.  FirsgDientilaholBr. 
Tkanslueent  on  die  edges.  Soft.  Streak  whita. 
Radier  sectile.  Easily  ftuigible.  Not  flexi- 
ble. Feds  greasy.  Sp.  gr.  8-7  to  2«&  It 
occurs  in  primitiTe  moontsmsb  wiMse  it  i&aam 
beds  in  clay*slate  and  serpentine.  It  Is  imnd 
m  Perthshire,  BaaflMiiie,tfae8hftiand  Manrti, 
and  abundantly  on  the  continent.  It  is  en- 
ployed  for  drawing  lines  by  carpenCeo,  talking 
hat-makers,  and  glwricni.    Jamamu 

TALCIT£.  Nacrite  of  Jameson,  and 
earthy  talc  of  Werner.  Coloar  gnenisb- 
white.  Itconsistaof  scalypaita.  Qlimnang, 
nearly.  Friabl&  Feels  Tery  gTCMy.  SoOs. 
It  melta  easily  before  the  blowpipe.  Iti  enw 
stituents  are,  alumina  81 '76,  magnesJa  0-75, 
lime  4,  potash  0^,  water  13.5.  Jrtw-  TUi 
is  a  very  rare  mlneFsl,  occurring  in  vcina,  widi 
sparry  ironstone  and  galena^  in  the  mimiv 
district  of  Fieybeig. 

TALLOW.    See  Fat. 
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TALLOW  (MOUNTAIN)^ 

«f  thic  substance  wen  lately  found  in  a  bog 
CO  the  bofdete  of  Loch  Fjne  in  Scotland. 
This  auioat  minend  was  first  observed  by 
wme  peasants  on  the  coast  <tf  Finland  in 
1736;  and  it  was  afiorwaids  found  in  one  of 
the  Swedish  UdEes.  It  has  the  colour  and  feel 
of  taUow;  and  is  tastekas.  It  mdts  at  U8« 
F.  and  boOs  at  290».  When  melted  it  is 
tianspannt  and  oolouiless,  on  cooling  it  be- 
oomes  cpaque  and  ifiite,  though  less  so  than 
at  UnL  It  is  insolulie  in  watci,  but  soluble 
in  hot  alkohol,  oil  of  turpentine,  dlive  oil,  and 
naphtha;  but  precipitates  as  these  liquicb 
cooL  Its  sp.  gfuv.  in  the  natural  state  is 
O-6078,  but  it  is  then  full  of  air  bubbles. 
After  fhsion,  its  density  is  0*083,  whidi  Is 
aomething  above  ovdinaiy  taUow.  It  does  not 
oomUne  with  alkalis  nor  form  soap.  Thus 
it  difian  fmn  ttnry  cUss  of  bodies  known, 
^ram  the  fixed  oils,  in  not  saponiiying ;  hom 
the  volatile  oils  and  bitumen,  in  being  tasteless 
and  destitute  of  smeU.  In  vohoality  and  com- 
Imstibillnr  it  resembles  naphtha.— -^i^ln.  PML 
Jimm.  XL  214. 

TALLOW  (PINE Y).  A  concrete  inflam. 
mable  subatanos,  obtained  by  boiling  in  water 
the  firuit  of  the  VaUr\a  Indica,  a  tree  common 
on  the  Malabar  coast.  It  partakes  of  the 
nature  of  both  wax  and  oil,  and  from  its 
appearance  may  not  inaptly  be  tamed  a  tal- 
low* It  is  employed  in  the  town  of  Manga- 
lom  as  an  sstenal  application  for  braises  wad 
rfasumatie  pains.  It  melts  at  97i<*  F. ;  is 
■gnenl^  white,  sometimes  yellow,  and  is 
gssaay  tothe  touch  with  some  degree  of  waxi- 
ness.  Sp.gr.  04126  at  60».  It  is  not  soluble 
in  alcohol,  wiiich  takes  mcsely  2  f»r  cent,  of 
dain.  Fixed  alkalis  saponify  it.  It  forms 
oxosDcntcandles»comingf>fdy  from  the  mould, 
•its  iiitimatB  constituents  are, 

CMon,      770  =  10  atoms. 

Hydrogen,  12-3  =    9 

Oxygen,     107=    I 

Drm  BubkigtOHf  in  Journal  of 
Sckncc^  xix.  177. 
TAMARINDS.  The  pulp  consists,  ac- 
cording to  VanqueUn,  of  bitartrate  of  potash 
900,  gum  432,  sugar  1162,  jelly  676,  citric 
acid  864,  tartaric  add  144,  malic  add  40, 
ftcnlent  matter  2880,  watci  3364;  in  9762 


TANNIN.  This,  which  is  one  of  the 
immediate  piindples  of  vegetablea,  was  first 
distinguished  by  Scguin  from  the  saUic  add, 
with  whidi  it  had  been  confounded  under  the 
name  ef  the  as<riN^M«princtpfe.  Hegpiveit 
the  name  of  tw»»*"^  from  its  use  in  the  ^Mini«g 
of  leather  ;  which  it  efiects  by  its  characteristic 
y,  that  of  forming  with  gdatina  touf^ 


^a 


It  may  be  obtained  fxopi  vegetables  by 
lacerstlng  them  in  cold  water;  and  preo- 
litated  from  this  solution,  wlixch  contains 
t  gallie  add  and  txtiactive  matter,  by 


hyiieroxygsnind  muriate  of  tin.  From  this 
predpitate,  immediately  diflfUsed  In  a  large 
quantity  of  water,  the  oxide  of  tin  may  be 
separated  by  sulphuretted  hydrogen  gas,  leav- 
ing  the  tannin  in  solution. 

Professor  Proust  has  since  reoommended 
another  method,  the  predpitation  of  a  decoc 
tion  of  galls  by  powdered  caftonate  of  potash, 
washing  wdl  the  greenish-^y  flakes  that  fall 
down  with  cold  water,  and  drying  them  in  a 
stove.  The  precipitate  grows  brown  in  the 
air,  becdkies  brittle  and  shining  like  a  resin, 
and  yet  remains  soluble  m  hot  water.  The 
tannin  in  this  state,  he  says,  is  very  pure. 

Sir  H.  Davy,  after  making  several  experi- 
ments on  dificrent  methods  of  ascertaining  the 
quantity  of  tamiin  in  astringent  infiisions, 
prefers  for  this  purpose  the  common  process 
of  predpitatiog  the  tannin  by  gdatiii ;  but  he 
remarks,  that  the  tannin  of  different  vegeta- 
bles requires  different  proportions  of  geladn 
for  its  saturation;  and  that  the  quantity  of 
precipitate  obtained  is  influenced  by  the  degree 
m  which  the  solutions  are  concentiated. 

M.  Chenevia  observed,  that  coffee  berries 
acquired  by  roasting  the  property  of  precipi* 
tating  gdatin ;  and  Mr.  Uatchett  has  made  a 
number  of  experiments,  wliich  show  that  an 
artificial  tannin,  or  substance  having  its  chief 
property,  may  be  formed,  by  treating  with 
nitric  add  matters  containing  charcoal.  It  is 
renaarkable  that  this  tannin,  when  prepared 
from  vegetable  substances,  as  dry  charcoal  of 
wood,  jrields,  on  combustion,  products  analo- 
gous to  those  of  animal  matters.  From  his 
experimenu  it  would  seem,  that  tannin  is,  in 
reality,  carbonaceous  matter  combined  with 
oxygen ;  and  the  difference  in  the  proportion 
of  oxygen  may  occasion  the  differences  in  ths 
tannin  procured  from  di&rent  substances,  that 
from  catechu  appearing  to  contain  most. 

Bouillon  Lagrange  asserts,  that  tannin  by 
absorbing  oxygen  is  converted  into  gallic  acid. 

It  is  not  an  unfrequent  practice,  to  admi- 
nister medicines  containing  tannin  in  cases 
of  debility,  and  at  the  same  time  to  prescribe 
gdatinous  food  as  nutritious.  But  tliis  is 
evidently  improper,  as  the  tannin,  from  its 
chemical  properties,  must  render  the  gelatin 
indigestibllB,  For  the  chief  use  of  tannin,  see 
the  following  artide. 

According  to  Berxelius,  tannin  consisu  of 
hydrogen  4-186  +  carbon  61-160  +  oxygen 
44'664.  And  the  tannate  of  lead  is  com- 
posed of^ 

Tannin,  100  26-923 

Oxide  of  lead,    62  14- 

But  there  is  much  uncertainty  concerning  the 
definite  neutrality  of  this  compound. 

TANNING.  The  several  kinds  of  leather 
are  prepared  from  the  skins  of  animals  mace- 
rated for  a  long  time  with  lime  and  water,  to 
promote  the  separation  of  the  hair  and  wocd, 
and  of  the  fat  and  fleshy  psrts,  in  which  recourse 
is  also  had  to  the  assiatance  of  mechanical 
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pressure,  scntpfaig,  and  die  like*  This  aUn, 
when  thoB  deprived  of  its  roore  putreedble 
part,  and  brought  coDsiderably  toward  the 
state  of  mere  fibre,  ia  tanned  by  maceratioo 
with  certain  astringent  substances,  particularly 
the  bark  of  the  oak-tree. 

The  hide  consists  almost  wholly  of  gdatin, 
and  all  that  is  necessary  ia,  to  divest  it  of  the 
hair,  epidermis,  and  any  flesh  or  fat  adhering 
to  it  This  is  commonly  done,  after  they  have 
been  soaked  in  water  some  time,  and  handled 
or  trodden  to  cleanse  them  from  filth,  by 
immersing  them  in  milk  of  lime.  Some, 
instead  of  lime,  nse  an  acescent  infusion  of 
jiarley  or  rye-meal,  or  spent  tan ;  and  others 
recommend  water  acidulated  with  sulphuric 
add.  Similar  addulous  waters  axe  afterward 
employed  for  raising  or  swelling  the  hidei 
when  this  is  necessary. 

The  skins,  thuis  prepared*  are  finally  to 
undergo  what  is  properly  called  the  tanning. 
This  is  usually  done  by  throwing  into  a  pit, 
or  cistern  made  in  the  ground,  a  quantity  of 
ground  oak-bark  that  has  already  been  used, 
and  on  this  the  skins  and  fresh  bark  in  alter, 
nate  layers,  covering  the  whole  with  half  a 
foot  of  un,  and  treading  it  well  down.  The 
tanning  may  be  accelerated  by  adding  a  little 
water. 

As  it  is  a  long  time  before  the  hide  is 
thoroughly  tanned  in  this  mode,  at  least  many 
months,  during  which  the  bark  is  renewed 
three  or  four  times ;  M.  Seguin  steeps  the 
skins  in  a  strong  infusion  of  tan,  and  assists 
its  action  by  heat.  Chaptal  observes,  however, 
that  this  requires  an  extensive  apparatus  for 
preparing  the  liquor  and  the  skins :  the  leather 
in)bibes  so  much  water,  that  it  remains  spongy 
a  long  time,  and  wrinkles  in  drying ;  and  it 
is  extremely  difficult  so  to  arrange  the  hides 
in  a  copper,  as  to  keep  them  apart  from  each 
other,  and  free  of  the  sides  of  the  vesseL 

The  following  accimnt  of  M.  Seguin^s 
practice  was  transmitted  to  England  in  the 
year  1796:— 

To  tan  a  skin  is  to  take  away  its  putresceqt 
quality,  preserving,  however,  a  certain  degree 
of  nliablHty.  This  is  effected  by  incorporating; 
with  the  skin  particles  of  a  substance  whim 
destroys  their  tendency  to  putrefaction. 

The  operations  relating  to  tanning  are  there- 
fore of  two  kinds :— the  first  is  merely  depriving 
the  skin  of  those  parts  which  would  oppose  its 
preservation,  or  which  adhere  to  it  but  Ixttlo, 
such  as  hair  and  fiei^h ;  the  other  consists  in 
incorporating  with  it  a  substance,  which  shall 
prevent  its  putrefying. 

The  operations  of  the  first  kind  are  tech- 
nically termed,  unbairing  and  fleshing;  the 
operations  of  the  second  )dnd  belong  to  tan- 
ning, properly  so  called. 

Fleshing  is  an  operation  merely  mechanical : 
unhairing  is  a  mechanical  operation  if  per- 
fomjed  by  sbanng ;  or  a  chemical  operauon, 
if  efiocti'd  by  dissolution  or  decomposition  of 


the  «ibetan«  wbkh  ooonecte  Ibe  hair  "mkk 
the  skin. 

According  to  the  ancient  muthiwU  the  dm- 
Mlution  of  this  sabstaBee  v«s  tUfiriii  fay 
means  of  lime :  the  deoomposition  cidMr  ^ 
the  vinous  fennenCation  oif  bflilqr«  ^  the 
acetous  fecmentatioQ  of  ook-bwlc,  or  lij  the 
putrid  fenaentatiQD  prodooed  by  pQimti  tks 
hides  one  upon  another. 

Unhairing  by  me«oa  of  lime 
take  twelve  or  fifteen  months;  ibm  •  _ 
with  barley,  at  the  acetoos  pari  of  tai^  cooH 
not  be  performed  in  leas  than  two  moithb 

The  slowness  of  these  opecatioai,  wdikh  the 
experimento  of  Seguin  have  shown  aEWf  be 
fimshed  in  a  few  days,  and  in  a  moie  advaa- 
tageous  rnamiac,  bv  meaoa  of  the  Mme  sah- 
ttances,  proves,  that  the  natnie  of  those 
operations  was  not  undentood  by  thoae  who 
performed  them.  Those  of  tanBing^  fopoh 
so  calkd,  were  as  little  known,  m  the  delaih 
we  are  about  giving  will  prove,  iHikfa  we 
compare  with  the  least  impiovod  loadae  now 
in  practice. 

Whatever  the  method  of  unhahfng  waa,  the 
mode  of  tanning  was  alwi^  the  sane,  fior 
skins  unbailed  with  lime,  or  thoie  |m|iauri 
with  barley  or  tan. 

Tiiis  mode  of  qperaling  would  take  el^taai 
months  or  two  yean,  offcaa  three  yoHa,  wiiea 
U  was  wished  to  tan  the  hides  thorQi«gh^« 

Among  the  substances  fiir  taanhig  ad- 
nut,  sumach,  and  the  berk  of  oak,  tia  wnidi 
may  be  added  oatccfan,  ai^ear  the  moat  pnaer, 
at  least,  in  the  present  state  of  ooz  kaofwhdge. 
In  the  middle  dqpartmeou  of  Ffaace,  flah>baik 
is  preferred,  because  it  ia  the  rbcapfat  aad 
most  abundant  substances  To  nee  it,  it  is 
first  ground  to  powder ;  then,  aeootdingiQ  t^ 
dd  mode,  it  is  put  into  large  helea  dug  in  tfe 
ground,  which  are  filled  by  altcnate  li^n  of 
ground  iiark  and  unhaired  hidea. 

As  the  principle  whieh  eflSeds  ihe  tanning 
cannot  act  in  the  interior  of  ibt  akdn,  mdea 
carried  in  by  some  liquid  in  which  it  is  fint 
dissolved,  tanning  h  not  produced  by  the  im- 
mediate action  of  the  powder^  biok  upanlhe 
tkio,  but  only  by  the  action  of  the  4»trf"*H' 
of  the  tinging  priniaple  originally  tofy»*ffTil 
in  the  bark.  The  tan  therefore  has  the  tsnaii^ 
property  only  when  wetted  so  much  ai  not  lo 
absorb  all  the  water  thrown  on  it  Bat  as 
tanners  putin  their  vats^ooly  aamall  poition 
of  water  compared  to  what  would  be  neoemy 
to  deprive  the  bade  of  all  the  tanning  pnncipk 
which  it  contams,  the  bark  pat  into  tbevsts 
preserves,  when  taken  out,  a  poctian  of  its 
tanning  principle. 

This  waste  is  not  the  only  disadvantage  of 
the  old  modes  of  proceeding ;  tliey  aic^  be- 
sides, liable  never  to  produce  in  the  skins  a 
complete  saturation  wiUi  the  tanning  prinoqih. 
for,  as  th^  property  of  attraction  is  conunoo  lo 
aU  bodies,  accor4ing  to  the  difiexent  degiee  «f 
saturation,  the  water  fontjiining  in  aohttioa  • 
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&oi  part,  to  a  ixed  weight  of  iUm,  with  at 
mnch  at  the  nme  quantity  of  vatffi  wiO,  in 


which  s  gveatct  quantity  of  the  prindple  is 
diaaolvted* 

As  the  watar  wfaidi,  in  the  old  manner  of 
ptooeeding,  ia  in  the  vat8»  cm  contain  hat  a 
aaonll  portion  of  the  tuming  piinciple,  owing 
to  the  natiixe  of  the  openrtien,  it  can  g^ve  hut 
a  small  portion  of  it  to  the  akin,  and  even  thb 
U  parts  with  by  alow  d^reta.  Hence»  the 
slowneaa  in  the  tanning  of  akina,  accoiding  to 
the  old  method,  whioi  xeqoired  two  whole 
yean,  and  aometimea  tfaiee,  before  a  tldn  was 
well  tanned  to  the  eaiti&  Hoioe  also,  the 
imperfectian  of  skina  tanned  by  that  mttfaod  t 
an  iinperfeetianTeauhmg  firomihe  iHmiMtnra- 
tion  of  the  tanning  prine^le,  even  when  it 
had  penetrated  the  oentrek 

The  Important  dendemtnm  waa,  diOEcfore, 
to  get  together,  within  a  amaU  eompam,  the 
tanning  principle,  to  increaae  ita  action,  and 
produce  u  the  hUe  a  complete  aatumdan  in 
a  much  ihorter  tone  than  that  nceoMaiy  for 
theineompletetanmngpnalaoedinvatb  But, 
firat  of  all,  it  waa  neoeaiiary  to  aaaiyae  the  aldn, 
analyse  the  leather,  and  analyse  theosk»bork. 
The  prindnlea  of  theae  three  aubataneea  wew 
to  he  inmiiakd,  and  thdr  action  upon  one 
iiDother  detennined,  the  iaflneiiea  of  thdr 
combinatian  upon  that  action  known,  and  the 
drctimstancea  moat  pfoductiye  of  its  greatest 
actkn  found  out 

Segsiii)  by  Ibllowing  thia  malfaQd,  haa  de- 
tcnouned:— 

1.  That  the  ekui  deprived  of  flaah  and  hair 
ia  a  oabatanoe^hich  can  eofly,  by  a  praper 
prooea%  be  entiraly  oDOTerted  into  an  animal 
jelly  (glue). 

2.  That  a  eolutiMi  of  thia  laat  menfloned 
aubetanoe,  miaud  with  a  aolatioo  of  tan,  foana 
immediately  an  imputreadble  and  indiodluUe 
compound. 

3.  That  the  eolutum  of  tan  ia  compOied  of 
two  Tory  dJBthict  aubtfaneea;  one  of  which 
predpitatea  the  aolutioD  of  glue,  and  which  it 
tiie  uae  tannhig  aubetanee;  the  other,  which 
predpitatea  sulphate  of  iron,  without  predp&r 
tating  the  aotntion  of  glQe>  and  which  prodnoea 
only  the  necessary  disoxygenation  of  the  skin, 
and  of  the  aubiUnce  whkh  connects  the  hair 
to  the  skin. 

4.  That  the  opemtilon  of  tanning  is  not  a 
simple  comhinatiion  of  the  akitt  with  the  pan- 
op^  which  predpitatea  the  glue,  but  a  com- 
binatioa  of  that  prindple  with  the  skin 
disoxygeniiied  by  the  substance,  whidi  in  the 
solution  of  tan  ia  found  to  predpitale  the  sul* 
phateof  imnt  so  that  every  substance  proper 
for  taoning  should  poasesa  the  pioperties  of 
piedpitating  the  solution  of  ghie,  and  of  pre. 
dpitating  the  sulphate  of  iron. 

&  That  the  operation  of  tanning  consists  m 
sveUing  the  skins  by  means  of  an  addulooa 
prindple  ;  to  disoxygenize,  by  means  of  the 


firinsftpla  vfaSdi  fti  the  sdfetloh  of  haik  pr«. 
dpintes  the  solution  of  sulphate  of  iion,  that 
aubatance  which  connects  the  hair  to  the  akin, 
and  thua  produce  an  easy  unhairing;  to 
disoxygenize  the  skin  by  mesne  of  the  same 
pnad]^  and  to  bring  it  by  thia  disoxygeDa- 
tkm  to  the  middle  state  between  glue  and 
and  then  to  combine  with  it,  after  this 
ation,  and  while  it  is  in  this  middle 
partkular  substance  in  oak4Malr,  aa 
well  as  in  many  other  -vegetablca,  whidi  U 
fonnd  to  precipitate  the  solution  of  glue,  and 
which  is  not,  as  has  been  hitherto  conodvedt 
an  aalringent  substance. 

Agreeably  to  theae  discoveries,  there  only 
lani^u,  in  order  to  ten  speedily  and  com* 
plelely,  to  condenaa  the  tanning  jurhidt^  so 
aa  to  aeerienite  ita  action.  S^^i^  to  dket 
thia,  IbUows  a  very  simple  process.  Hepoors 
water  upon  the  powdered  ten,  contained  in  an 
sppsratua  needy  simibr  to  that  made  use  of 
in  saltpetre  woriu.  Thia  water,  by  gohig 
tfatoi^thetan,  taheafram  it  a  portion  of  ita 
tanning  principle)  sad  by  sucossdve  filtxations 
dissolves  every  time  an  additional  quantity  of 
it,  tan  at  kat  die  baric  rather  tends  to  deprive 
it  of  some  than  to  give  up  more.  Seguin 
saaoseds  in  bringiag  diese  solutioDa  to  such  a 
degree  of  strengUi,  that,  he  says,  he  can,  by 
proper  measnxc,  tan  Galf.4kin  in  24 


hours,  and  the  strsnoeat  oxJiides  in  seven  or 
al(^tdqrs>  Hiesesohitiona  rontatning  a  great 
quanthy  of  the  tamdng  prindple,  impart  te 
ttieskfai  asmudiofitaaitcanabaort»,aathat 
it  CBS  then  easily  attain  a  complete  aatomtiA 
of  the  prindple,  and  produce  leadier  of  a  qua- 
lity nuieh  superior  to  that  of  ssost  oasntries 
fiunons  fior  thdr  leather. 

On  the  above  I  have  onfy  to  reaaark,  that 
every  new  art.  or  aoasUerake  imprevemeBt 
mtwtuBasDidably  be  attended  with  many  diC 
ficaltfes  in  the  establishment  of  a  mana£Mfioiy 
in  the  huge  vsw.  Fsom  private  inquiry  I 
find,  that  thia  abo  haa  ita  diffienlties,  which 
have  hhinito  prevented  its  being  carried  into 
lull  effect  ia  thia  countsy.  Of  what  nature 
these  may  he  I  am  not  deddsdly  Interned, 
and  mendoa  them  in  thia  place  oaly  te  pie. 
vent  manulacturers  from  enoagiag  in  aa 
undertaking  of  dus  kmd,  wiUiout  cantlesc 


has  leoommended,  to  1 
water  with  tannin,  by  affusion  en  sucoosdvs 
fortiooa  of  oak-barli,  or  whatever  SMiy  be 
used;  and  when  the  bark  will  give  out  no 
more  tsnnin,  to  extract  what  galhe  add  stiU 
remains  in  it,  by  pourinson  tnA  water.  To 
the  latter,  or  adduloua  Uquor,  he  adda  one- 
thousandth  part  by  measure  of  sulphuric  add ; 
and  in  thia  steeps  the  hide,  till  the  hah  will 
oome  off  easily  by  scrspiiw.  When  imsing  ia 
necessary,  he  stespa  theliide  ten  or  twelve  hours 
in  water  addulated  with  a  five-hundredth  pert 
by  measure  of  sulphuric  add;  after  which 
they  ars  to  be  wadied  repeatedly,  and  scraped 
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be  tfeaeped  fome  boon  in  a  weak  lohidoo  of 
tmun,  Umd  a  few  day  ina  stiooga,  and  tfaia 
imut  be  icnewed  ae  the  tanoin  u  eshauited, 
tai  the  leatfaeriB  fnUy  taonecL 

For  die  eofter  ildDi,  ae  c&l?ea,  gonfei,  &c^ 
he  does  not  me  the  add  miztaie,  bat  vaSk  of 
Ifane. 

Of  sabitaooei  need  for  taimiiig  Sir  H.  Daty 
obeorem  that  lib.  of  catechu  is  nearlv  ecnial 
to  SU  of  galls,  3  of  sninadi,  7}  of  the  baik  of 
the  Leioater  willow,  d^ofoak^Muk,  11  of  the 
baric  of  the  SpaiUBh  chestiittt,  18  of  elin-bark, 
and  21  of  oommon  wiUow-baik,  with  Tespect 
to  Aa  tannin  oootained  in  them.  Heobsenrea 
too,  that  leadier  dowlj  tanned  hi  weak  infii- 
skma  of  baiks  appean  to  be  better  in  quality, 
being  both  aaan  and 


than  idien 
tauned  by  Btimng  iiifiiam ;  and  he  aacatibet 
this  to  the  cztiactive  matter  th«j  unbib^ 
This  {xindple,  tfaerefim,  affisets  die  quaiKty  of 
the  malarial  employed  in  tanning;  and  galls, 
which  ooDtain  a  neat  deal  of  tannin,  make  a 
hatd  leathor,  and  lii^le  to  crack,  from  their 
deficiency  of  esctractive  mattpr   «/iniL   de 

Mag^^Cfu^taTt  Chan. 
TANTALUM  ORE.  See  Obb  of  Tak. 

TAL0X. 

TANTALUM.  The  metal  alieady  tnatad 
9f  under  the  name  Coi.uvBn7]f. 

TAPIOCA.  A  apedes  of  atan^  prepared 
from  the  jatmhamandiat.  SeeCAasAv^ 

TARRAS,  Oft  TERRAS.  A  Tdkanifi 
earth  need  as  a  cmeot  It  does  not  diAr 
much  in  its  princ^dca  from  pniaolsna  \  but 
4t  is  much  more  conmact,  hwd,  porona,  and 
spongy.  It  is  generuly  of  a  wiutish^ydlow 
<^ltfbar,  and  oontidiis  more  heterageneoos  parti- 
des,  as  spar,  quartz,  adiod,  &c.  rad  something 
moreofacakareoiisearth.  It  efitevesees  with 
adds,  is  magnetic,  and  fbaibk^tfTM.  Whoi 
pidTodaed,  it  serves  as  a  cement,  like  puc^ 
aobma.  It  is  foond  in  0ennany  and  Sweden. 
See  LniE,  Gemxvt,  and  Pirzi{oi.AKA. 

TARTAR  is  depodted  on  the  sides  of  casks 
duxing  the  frrmentation  of  wine;  it  fonns  a 
lining  more  or  leas  thick,  iriiidi  is  scraped  o£ 
This  is  called  crude  tartar,  and  b  sold  in 
Ijangnedor.  from  10  to  16  Ir^  the  quintsL 

AR  winee  do  not  aifi»d  the  same  quantity  of 
tartar.  Neumann  remarked,  that  die  Hun. 
mrian  wines  left  only  a  thin  stmtum;  that 
die  wines  of  Fnmce  iSbided  more;  and  thM 
the  Rhenish  wines  affinded  the  puiest  and  tha 
greatest  quantity. 

Tartar  is  distinguished  from  its  oolour  into 
led  and  whites  the  first  is  afRxded  by  red 
wine. 

Tartar  is  purified  from  an  abundant  extrac- 
tive piindple,  by  prooeases  which  are  eacecnted 
at  Montpellier  luod  at  Venice* 


pd]ier:--The  t«rtar  is  Resolved  in 
soflbed  tocfystalliaebycooliag.  Thecrysiak 
are  then  boUed  in  another  veaael,  widli  die 
addition  of  ^^  or  six  poonds  of  tlia  white 
argillaceous  ea^h  of  Munriel  to  each  qoBtal 
of  die  salt.  After  diis  boiling  with  tiie  onk 
a  very  white  salt  is  obtained  by  efspontion, 
which  is  known  by  the  nameof  cream  of  taitai^ 
or  the  addulona  tartate  of  potaah. 

M.  Desmaretx  has  infoemed  oa,  that  tfas 
piooMo  used  at  Venice  oooaistB, 

1.  In  drying  die  tartar  in  inn  bofloa. 

3.  Poonding  it,  and  dissolnng  it  in  hat 
water,   which,    by  cooling,    amda 
crystals. 

3.  Redissoiving  dieae  cryatala  in 
and  clarifying  the  aolntioB  by  wiiitea  < 
and  ashes. 

The  proeen  of  Mooipdlier  la  pRfemfak 
todiatofVeniee.  The  addition  of  die  aaho 
iamduoes  a  indgn  salt,  which  ahenthepo. 
rity  of  the  product.    See  Acu>  (TAftT  asi  c). 

TARTAR  (GHALYRBATRD).  This 
Im  prepared  by  boiling  tinsa  parts  of  4he  sa. 
pertartrate  of  potash  and  two  of  iioa.  fillip  ia 
fony-«iz  parte  of  water,  till  the  taitar  ap|Mn 
to  be  diasolnd.  The  liquor  ia  then  fitocd, 
and  crystals  are  dcposiied  en  t^wfeig,  moK 
of  whidi  are  obtained  by  wwtfintting  the  eta- 
poranoo. 

TARTAR  (CREAM  OF). 
name  of  the  purified  sapcrtartrale  of 

TARTAR  (CRU0E).    The 
of  potash  in  its  natural  state,  be6ie  it  faai 
been  ourined. 

TARTAR  (EBCBTIO  The  tartate  of 
potaah  and  aatknony.    See  Avrivoirr. 

TARTAR  OF   THE  TEETH.     The 
popidar  name  for  the  ooocration  that  eo  ft^ 
qoendy  inaosta  the  teeth,  ai 
apparendy  of  phosphate  of  Ume. 

TARTAR  (REO£NSRATED>  j 

TARTAR  (SALT  OW\  The  aaboff- 
booate  of  potaah. 

TARTAR  (SECRET  FOLIATED 
EARTH  OF).    Acetate  of  potMh. 

TARTAR  (SOLUBLE>  Ncotral  tar. 
tratec^  potash. 

TARTAR  (VITRIOLATED>  Sul- 
phate of  potaah. 

TARTARINE.  The  name  giwn  by 
Knwan  to  the  vegetable  alkali,  or  potaah. 

TARTAROUS  ACia  See  Acm 
(Tartaric). 

TARTRATE.  A  neutnl  eomponnd  of 
the  tartaric  add  with  the  base. 

TEA.  The  following  hrteresdng  tcsolta 
of  experimenta  on  tea  by  Mr.  Brande  hive 
been  published  by  him  in  his  Jounal,  xiL 
206. 
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Ont  hundxed  parti  of  Tm. 

SoluUa 

In 
water. 

in 
AlcohoL 

Jell^ 

Imrt 
niidue. 

Green  Hyflon,       14«.  per  lb. 
Dttto,          •        12t> 
Ditto,          .        lOf. 
Ditto,          .          8iw 
Ditto,          •          7<* 
Bkck  BoadHmg,  ISt. 
Ditto,         .        lOf. 
Ditto,         -          8#. 
Ditto,          .          7t. 
IMtto,        .        e*. 

41 
34 
36 
36 
31 
86 
34 
37 
36 
35 

44 

43 
43 
43 
41 
36 
87 
85 
35 
81 

81 
29 
96 
35 
34 

H 

28 
24 
23 

56 
57 
57 
58 
59 
64 
63 
63 
64 
65 

TEAR&  Tbiit  peouHv  flnld  wUch 
«nployed  in  lubricating  the  eye, 
la  emitted  in  cantidcmble  quantities  when  we 
eocpran  grief  hy  weeping,  it  kaown  by  the 
mine  of  Uart.  For  an  aeeoate  analyais  of 
tfak  fluid  we  an  indebted  to  Momu.  Fonracoy 
and  Vauqudin. 

The  liquid  called  teaia  ie  twn^MMtent  and 
coloorieai  like  water;  it  baa  eeaveely  any 
emcil,  but  its  taste  is  always  penepcibfy  salk 
Its  spedfle  oavity  is  somewhat  gnatsr  tiian 
that  of  distuled  water.  It  gives  to 
attiined  with  die  juice  of  the  petals  of  ] 
4K  Tiolets  a  peimanentfy  ^een  cokmr, 
therefore  oontahis  a  fixed  alkaU.  It 
widi  water,  whedier  cold  cr  hot,  in  all  pro- 
Alkalis  unite  with  it  readily,  and 
r  it  mote  fluid.  The  minenl  adds  pro. 
dnee  no  appannt  change  upon  it.  Szposed 
to  the  air,  this  liquid  gradually  eraporslsi 
and  becouea  thidEct.  When  neinly  nduced 
to  a  stale  of  dirness,  a  number  of  cable 
OTstals  form  in  the  midst  of  a  kind  of  mu« 
etogew  These  crystala  posaess  die  properties 
af  muriate  of  soda;  but  they  tinge  vi^geteblB 
blues  green,  and  tlieic&»e  contain  an  cxosss 
of  sodb.  The  mudlagiDous  matter  acquires 
a  ydbwish  colonr  as  it  dries. 

Teais  are  cumposed  of  the  fiiDowing  in- 
gredients:— 

1.  Water, 

2.  Mucus, 

3.  Muriate  of  soda, 

4.  8oda, 

5.  Phosphate  of  Ume, 

6.  Phosphate  of  soda. 

Th6  saline  parte  amount  only  to  about 
0-01  of  the  whole,  or  probably  not  so  mudk 

T££TU.  The  basis  of  the  substance  that 
fbrms  the  teeth,  like  that  of  other  bones,  (see 
Bovx),  appeals  to  be  phosphate  of  Ikne. 
The  enamel,  however,  aocoiding  to  Mr* 
Hatdiett,  difos  from  other  bony  substances 
ia  bring  destitute  of  eartOage:  for 
of  ftMi'*^fli,  when  maoented  in  ^^lufy*! 
he  found  were  wholly  dioohed ;  while 
ings  of  bone,  treated  in  the  san 
slwayii  left  a  cartilaginous  substanos 
toashed.    See  Boys. 


TELBSIA.    Sgpptin. 

TELLURIUM.  Muelkr  first  suspected 
the  eiistence  of  a  new  metal  in  die  aurum 
psndndcum  or  proUemadoam,  whidi  baa 
the  appearance  of  an  ore  of  gold,  thoqdivenr 
little  csn  be  eatracted  fWnn  it.  Ktepmib 
afterward  established  itt  existenos,  not  only 
is  this  but  in  some  other  TVansylvanian  ores, 
and  named  it  Mbiriam. 

Pure  tellmrium  is  of  a  tln-whlto  colour, 
veiging  to  lesd^fpray,  with  a  high  metallic 
Ittstre;  of  a  Ibliated  ftacture;  and  very 
brittle,  so  as  to  be  easQy  pulverised.  Ite 
^  gr.  is  6.115»  It  mdlsMore  ignitloQ, 
leqtSnng  a  little  higher  heat  than  lead,  and 
less  than  andmony;  and,  accordfaig  to  Chne- 
Sn,  is  88  volatile  as  ssenic  When  cooled 
without  agitadont  ite  smfbee  has  a  crystal- 


Used  appesBMice.    Bcfors  die  blowpipe 
charooM  it  buna  with  a  vivid  blue  " 


the  edgea;  and  is  dissipated  hi 
•iriiite  vapours,  of  a  pungent  smdl, 
DOBdense  into  a  white  caade.  lUs 
oodde  heated  on  cfanooal  is  reduced  .with  a 
khid  of  explosion,  and  soon  again  volatilised. 
Heated  in  a  f^tm  retort  it  fuses  into  a  etraw- 
cstouied  striated  mass*  It  appean  to  contain 
about  16  per  cent,  of  m&ygeu. 

Tdlnrinm  is  omdiaedaad  dissolved  by  the 
principal  adds.  To  sdphuiie  add  it  ^vea 
a  deep  purple  odour.  Water  sepaniteslt  in 
bfaudc  fioeraU,  and  heat  throws  it  down  in  a 
white  nredpitate. 

Wim  nitric  add  it  foams  a  colourieas  so^ 
lution,  which  remains  so  when  diluted,  and 
affords  sk&dsr  dendritic  crystals  by  cv^kk*- 
tion. 

The  muriatic  add,  widi  a  small  portion  of 
nitric,  forms  a  tiansparent  solution,  from  which 
water  throws  down  a  white  snbmuriatfr  Thia 
may  be  redissolved  almoet  wholly  by  repeated 
afiudons  of  water.  Alcohd  likewise  pro. 
dpitates  it 

Sulphnric  add,  diluted  with  two  or  three 
parte  of  water,  to  which  a  little  nitric  add 
has  been  added,  dissolves  a  huge  portfam  cf 
die  metal,  and  die  sdution  is  not  decomposed 
by  water. 

The  alkalis  Uirow  down  ftom  ite  adutioiis 
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die  adds,  and  by  an  cxeesa  of  the  alkalii  or 
their  carbonateB.  They  are  not  precipitated 
by  pnudate  of  potMh.  Tinctnre  of  galls 
'gm  a  ydlow  floocakot  prectpitate  with  them. 
Tdhuium  it  pwcipitated  ftom  them  in  a  me- 
taDk  state  by  anc,  otn,  tm,  and  antuaooy. 

Tdluriam  fused  with  an  equal  we%ht  of 
■nlphor,  m  a  gende  heat,  forms  a  lead-co- 
louied  striatad  snlphmet  Alkaline  salphuicts 
precipitate  it  from  ita  eolations  of  a  brown  or 
black  ooloar.  In  tids  precipitate  either  the 
metal  or  its  oxide  Is  oombined  with  eulphnr. 
£adi  of  dieae  tnlphureti  bums  with  a  psle 
Une  flttDe,  and  white  smoke.  Heated  in  a 
lelort,  part  of  the  solphar  is  sablimed,  csiry. 
ing  ap  a  little  of  die  metal  with  it  It  does 
■ot  eanly  amslgsmate  with  qoldsilter. 

T£LLURETT£D  HYDBOGEN.  T^ 
Inrium  and  hydrogen  eombine  to  faeai  a  gaa, 
odkd  teOarttUi  hydrogem.  To  make  this 
con^onad,  hydrate  of  potssh  sad  oxide  of 
tdfairmm  an  igoM^  wiA  daooMd ,  and  the 
miztnw  aeied  on  by  dihitB  saiphnric  acidy  in 
a  retort  connected  with  a  mercurial  poenmatie 
sppaatua.  An  dastic  fluid  is  flenemtBd, 
eoBsisting  of  hydmgen  holding  teuarinm  in 
sohitionb  It  IS  posscoisd  of  vuy 
fBopertieB.    It  is  sohihle  in  water,  nd 

•  dhnt-oolonsed  oshitian.  Ife  comUnes  with 
tfao:  alkalia.  It  buns  with  a  bluish  flame, 
depoaiting  oodde  of  tsUivfam.    Us  smdl  is 

and  peenikry  not  unlike  that  of 
hfdsagen.  TUa  dastic  flnid 
by  8ir  H.  Davy  hi  18O0L 
When  teOnrimn  ia  made  the  electrical  ae» 
gatlfo  amfiHie  in  water  in  tfaemkaic  ciicmty 

•  faiDwn  powder  ii  fimned,  wliieh  appeam  to 
he  a  solid  oombmathm  of  hydsogen  and  td. 
hulnB.  It  was  first  obser?ed  by  Mr.  BIttev 
in  18(Nt  The  oompoiition  of  the  gas  and 
the  solid  hydruaet  has  not  been  aooertahMd; 
The  prime  equivalent  of  tellnrmm,  aeeording 
to  Sir  H.  Davy,  is  4>1KI,  leduead  to  lihe  osy« 
gen  mdfau  Bemdius  makaii  the  aidde  of 
teilariom  a  aompauad  of  metal  IflO  4-oocygea 
M^  If  we  can  die  oxygen  95,  then  the 
atom  or  mime  would  be  4.  In  this  ease  td» 
iuretted  nydrogeo,  if  analoflfwe  hi  ks  oofr* 
stitnllcn  m  sulphuretted  hydmgen^  would 
ha«casp.|^.of9*2M6,(astS-8074,  ss  Dr. 
Thomson  dedaces  it  from  tiiesame  dlote). 

TEMPERATURE.  A  definite  degreo 
of  sensible  heaty  as  measured  by  the  themio« 
meteb  Thus  wo  say  a  h]|^  temperature, 
and  a  low  temperatuse,  to  denote  a  manifest 
hitendty  of  heat  or  odd ;  the  tempetaturo 
flf  boiling  water,  or  212*  Fahr.;  sad  a  range 
of  temperatore,  to  designate  the  hiteasiediata 
pohits  of  heat  between  two  diatant  terms  of 
tiiennometric  indication.  Aooording  to  M. 
Blot,  ttmtperahiret  are  the  different  energies 
of  caloric,  in  difi^rent  dreumstanccs. 

The  general  doctrioes  of  caloric  liave  been 
ahaady  fiilly  ticatod  of  under  the  Articles 


and  Pyrometer* 

The  changes  induced  on  matter,  at  diffira;: 
temperaturea,  rdate  dther  to  its  inag;nfnde, 
mim,  or  oompoaitioo.  The  first  two  of  thar 
effects  are  considered  under  Erpantkm^  C<m. 
creHng  Temperatmreiy  and  P^omefcr;  the 
diird  under  CombtuHonj  and  the  IndivUaal 
Chemioai  Bodiet.  I  shdi  here  introdnce  some 
facts  concerning  the  temperatDre  cif  liTiBg 
bodies,  and  that  of  our  northern  climates,  m 
modified  by  die  constitution  of  watec 

The  power  wludi  man  pOBsesaes  afreaisdi^ 
the  impreedon  of  external  oold  is  wdl  knova. 
Old  funj  exemplified  in  huh  ladtudesL  That 
of  sustaining  high  heats  has  been  made  the 
subject  of  experiment.  On  the  Goetiinent, 
tlie  girls  wtio  ave  sent  into  ovens  often  eadme 
fsr  a  short  period  a  heat  of  300*  T,  and  up. 
wards*  If  the  skin  be  coveied  with  varni&h, 
widdi  obstructs  die  perspiration,  audi  licais, 
howofcr,  become  intolerable.  Dr.  Fosdyce 
staid  for  a  considerable  time*  and  widioot 
great  iaeonamieacei,  in  a  mom  heated  by 
stoves  to  MO*  of  Fahrenhdt's  aode.  The 
lock  of  the  door,  his  watch  and  kqra,  lying 
SB  die  taUe,  couU  not  be  touched  vntboat 
banilng  hia  hand*  An  egg  became  Imd; 
aad  tfaoqgh  his  palsa  beat  190  timea  ps 
■dante,  yet  a  tliermometer  hdd  ia  fan  month 
WM  only  2*  or  9*  hotter  than  oldiiuBy.  He 
paispiied  most  prolhsdy.^PMA  TVaaa,  vuL 
04,  and  06. 

Tt  haa  been  diown  under  Gderlr,  that  ihesh 
watsr  possewes  a  maximnm  density  tSbmtt 
90^ F.  When  its  temperature  devittesfram 
fills  point,  cither  upwards  or  dciwuwaids,  its 
density  diminishes,  or  its  vohnne  enlarges. 
Hence,  wiien  the  faitensdy  cold  sir  from  tiie 
dicum»polar  regions  presses  sonniwaids,  after 
file  autumnal  equinox,  it  pragveasivdy  ab- 
strseta  tiie  heat  ihim  the  great  natural  badns 
af  water  or  lakes,  till  the  temperature  of  the 
whde  aqueous  nuns  sinks  to  90^.  At  this 
tenn  the  refrigerating  inftuenoe  of  the  ataift* 
Sfdiere  incumbent  on  the  water  beeomes  nearly 
nun.  For,  as  the  supcifidd  stratum,  by 
fiuther  coding,  becomes  sperificdty  li^iter, 
it  remains  on  the  surfroe,  and  soon  beoDmes 
a  cake  of  ice,  which  being  an  imperfect  con- 
doctor  of  heat,  screens  tie  siib|aoeBt  liquid 
water  fhmi  the  cold  air.  Had  water  resembled 
moeury,  oUs,  and  other  liquids,  in  eunimuing 
to  contnet  in  volume,  by  cooling,  till  its  con* 
gelation  commenced,  then  the  incumbent  odd 
air  would  have  robbed  the  mass  of  watar  in 
a  lake  of  its  calorie  of  fluidity,  by  unoesdng 
^edpilatian  of  the  oold  partides  to  the  botiom, 
tin  the  whole  sunk  to  SB*.  Then  die  watar 
at  the  bottom,  as  well  as  that  above^  would 
have  begun  to  soHdify,  and  hi  tlie  esotse  of 
a  severe  winter  in  these  ladtudcs,  a  deep  lake 
would  have  become  throaghoat  a  body  of  ice, 
never  agam  to  be  liqoefied.  We  can  easily 
see,  that  such  frosen  i 
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of  bakMl  wMgmmkn  to  ^  tor. 

nmbding  country;  wd  that  under  each  » 
disposition  of  diSngs^  Offest  Britain  must  have 
been  another  LajMuid.  Nothing  ilhittrates 
more  ttrikmgly  the  beDefioent  economy  of 
Pxovidnce,  Sian  this  peculiacity  in  the  con- 
■titulion  of  water,  or  anomaly,  as  it  has  been 
XBtfacr  pieposteioutly  tenned.  What  seems 
void  of  law  to  unentightened  man,  is  often, 
■a  in  the  present  case,  found  to  be  the  finest 
aymnoetiy,  and  truest  order. 

TENACITY.    SeeCoHKfliOK. 

TENSION  OF  VAPOURS.    See  Va- 

POUB. 

TENNANTITE.  Colour,  from  kad-grav 
to  iron-black.  Massive,  but  usually  ctystaU 
lised^  in  riwmboidal  dodecahedrons,  cubes, 
or  odcdiediona.  Splendent,  and  tin-white; 
occasionally  doU.  Cleavage  dodecahedraL 
Streak  reddish-gray.  Ramer  harder  than 
gray  cqiper.  Brittle.  Sp.  gr.  4<375*  It 
yields  a  blue  6ame,  fikUowed  by  anenical 
vapours ;  and  leaves  a  magnetical  scoria.  Its 
eonstitttents  are,  copper  46-32,  su^ur  28-74» 
aiaenic  11-84,  iron  0-26,  dliea  S.-SMmrd 
FhUUpi,  It  occurs  in  Cornwall  in  copper 
veins  that  intersect  granite,  and  day-elate, 
associated  with  common  copper  pyrites^  It 
ia  a  variety  of  gray  copper. 

TERRA  PONDEROSA.  See  Hbavt 
Spar  and  Barttbs. 

TERRA  JAPONICA.    Catechu. 

TERRA  LEMNIA.  A  red  bolar  earth 
fianaerly  esteemed  in  medicine.    See  Lek- 

MlAV  Ea&TH. 

TERRA  SIENNA.  A  brown  bole,  at 
ochre,  with  an  orange  cast,  brought  from 
Sienna  in  Italy,  and  used  in  painting,  both 
caw  and  bomt.  When  burnt,  it  becomes  of 
adari»rbn>wn.  It  resists  the  fire  a  long  time 
without  fusing.  It  adheres  to  the  umgaa 
venr  fbrdhly. 

TERRE  VERTE.  This  is  used  as  a 
pigment,  and  contains  iron  in  some  unknown 
stale,  mixed  with  day,  and  sometimes  with 
chslk  and  pyrites. 

TEST.  In  chemiatry,  any  reagent,  which, 
added  to  a  substance,  teadies  us  to  disdnguisb 
its  chemical  nature  or  composition. 

THALLITE.    Epidote  or  pistadte. 

THERMO-EIiECTRO-MAGNETISM. 
M.  Seebeck  discovered  that  an  dectrical  cur- 
rent can  be  established  in  a  circuit  formed 
ezdnsively  of  solid  condncton,  by  disturbing 
merely  the  equilibrium  of  temperature.  These 
constitute  the  subject  oalled  by  the  above  de- 
nominatton.  MM.  Fourier  and  Oersted  en- 
deavoured to  ascertain  whether  the  thermo- 
deetik  effects  may  be  increased  by  the  alter- 
nate repetition  of  bars  of  different  materials. 
Their  fint  i^aratus  was  composed  of  three 
ban  of  bismuth  and  three  of  antimony,  sol- 
dered altematdy  together,  so  as  to  form  a 
hextton,  constituting  a  thermo-dectrie  circuit, 
whkh  inchid^p  tfane  dementi,  .or  thico  pairs* 


The  kngtfa  of  dw  b«zB  was  sbout  4-7  hiches; 
their  brndth  0*6  of  an  inch,  and  their  thidmeas 
0-16  of  an  inch.  This  circuit  was  put  upon 
two.  supports,  and  in  a  horizontal  position, 
observing  to  give  to  one  of  the  sides  of  the 
hexi^^  the  direction  of  the  magnetic  needle. 
A  oomposs  needle  was  then  pla^  bdow  this 
side,  and  as  near  it  as  possible.  On  heating 
one  of  the  tolderings  with  the  flame  of  alamp, 
Ihey  produced  a  very  sensible  effect  on  the 
needle.  On  heating  two  aolderings  not  con- 
tiguous, the  deviation  became  considerably 
greater ;  and  on  heathig  the  three  alternate  ones 
a  still  greater  effect  was  produced.  He  like- 
wise made  use  of  an  inverse  process,  that  is 
to  say,  they  reduced  to  32**  F.  by  mdting  ice, 
the  temperature  of  one  or  more  soldering  of 
the  drcuit  In  this  case  the  soldm'ngs  not 
cooled  must  be  regarded  as  heated  in  reference 
to  the  others.  By  combining  the  action  of 
the  ice  with  that  of  the  flame,  viz.  by  heating 
three  solderings,  and  cooling  the  other  three, 
the  deviation  of  the  needle  amounted  to  GO®. 
Ann.  dc  Chim,  et  Phy$,  xzii.  375^  or  Journal 
ofSciencey  zvL  126. 

THERMOMETER.  An  instrument  for 
measuring  heat,  founded  on  the  prindple,  that 
the  expansions  of  matter  are  proportional  to 
the  augmentations  of  temperature.  With 
r^ard  to  aeriform  bodies,  this  prindple  is 
probably  well  founded ;  and,  hence,  our  com- 
mon thermometers  may  be  rendered  just,  by 
vedudng  theur  indications  to  those  of  an  air 
thermometer.  SoUds,  and  still  more  liquids, 
expand  unequally,  by  equal  increments  of 
heat,  or  intervals  of  temperature.  With  regard 
to  water,  alcohol,  and  oils,  this  inequality  is 
to  oondderable  as  to  occasion  their  rejection, 
for  purposes  of  exact  thermometry.  But  we 
have  shown  that  mercury  approaches  more  to 
solids  than  ordinary  liquids,  in  its  rate  of 
expansion,  and  hence,  as  wdl  as  from  its 
remaining  liquid  through  a  long  range  of 
temperature,  ft  is  justly  preferred  to  the  above 
Substances  for  diermometric  purposes.  A 
eommon  thermometer,  therefore,  is  merdya 
vessel  in  which  very  minute  expansions  of 
mercury  may  be  rendered  perceptible  ;  and, 
by  certain  rules  of  graduation,  be  compared 
with  expansions  ma&  on  the  same  lionid,  by 
other  observers.  The  first  condition  is  rulfilled, 
by  connecting  a  narrow  glass  tube  with  a  bulb 
of  considerable  capadty,  filled  withouicksilver. 
As  this  fluid  metal  expands  l-63a  by  being 
heated  in  glass  vessels,  from  the  mdting  point 
of  ice  to  the  bofllng  point  of  water,  if  10 
indies  of  the  tube  have  a  capadty  equal  to 
l-63d  of  that  of  the  bulb,  it  is  evident  that, 
should  the  liquid  stand  at  the  beginning  of  the 
tube  at  32«,  it  will  rise  up  and  occupy  10 
inches  of  it  at  212o.  Hence,  if  the  tube  be 
uniform  in  its  calibre,  and  the  above  space  be 
divided  into  equal  parts,  by  an  attached  scale, 
then  we  shall  nave  a  centigrade  or  Fahrenhdt*s 
thcnnometer,  according  as  the  divisions  are 


THE 


im 


THE 


lOOflrUOfanMnlMb  giuliaielliegBDad 
prindsles  of  dmrnoiiMtiic  conttrocdon.  But 
to  make  an  exact  hitlroineiity  mote  mimitB 
iiiTcstigatioD  it  xequized. 

The  tabes  dnwn  at  glaas-hooaesfiv  making 
llieimomeUfs  are  all  more  or  leas  imgolar  in 
the  bofe,  wd  for  the  moat  paxt  eonicaL 
Hence,  if  equal  apparent  ezpaDsions  of  the 
indnded  merciuy  be  taken  to  represent  equal 
thermom^ric  intenrals,  theae  equal  expanaiona 
win  occupy  unequid  apaoea  m  an  irregular 
tube.  The  attacfaea  scale  should  therefore 
correspond  exactly  to  these  tubular  inequalitiea; 
or  if  the  scale  be  uniform  in  its  divisiona,  we 
must  be  certain  that  the  tube  is  absolutely 
uniform  in  its  calibre.  I  may  join  the 
authority  of  Mr.  Troughtan*s  opinion  to  my 
own,  for  affirming,  that  a  tube  of  a  truly 
equable  bore  is  seldom  or  nercr  to  be  met 
with.  Hence  we  should  never  oonstiuct  our 
thermometers  on  that  supposition. 

The  fint  step  in  the  fonnation  of  this  instru- 
meot,  therefore,  is  to  graduate  the  tube  into 
spaces  of  equal  capacity.  A  small  caoutchouc 
bag,  wiUi  a  stop-cock  and  nozade  capable  of 
admitting  the  esid  of  the  glass  tube,  when  It 
is  wrapped  round  with  a  few  folds  of  tissue 
paper,  must  be  provided ;  as  also  pure  mer« 
cniy,  and  a  sensible  balance.  Having  expelled 
a  litde  air  from  the  bag,  we  dip  the  end  of  the 
attached  glaaa  tube  into  the  mercury,  and  by 
the  elaatic  expansion  of  the  caoutd&ouc,  we 
cause  a  imall  portion  of  the  liquid  to  rise  into 
the  bote.  We  then  shut  the  stop-cocki  place 
the  tube  in  a  horizontal  direction,  and  remove 
it  from  the  bag.  The  column  of  mercury 
should  not  exceM  half  an  inch  in  length.  Bv 
gentW  inclining  the  tube,  and  tapping  it  wtto 
our  nnger,  we  bring  the  mercury  to  about  a 
oouple  of  inches  from  the  end  where  we  mean 
to  make  the  bulb,  and,  with  a  file  ot  diamond* 
mark  there  the  initial  line  of  the  scale.  The 
slip  of  ivory,  brass,  or  paper,  destined  to 
receive  the  graduations,  being  laid  on  a  table, 
we  apply  w  tube  to  it,  so  that  the  bottom  of 
the  colunm  of  mercury  coincides  with  its 
lower  edge.  With  a  fine  point,  we  then  mark 
on  die  wale  the  other  extremity  of  the  mer- 
curial  column.  Inclining  the  tube  gently, 
and  tappinff  it,  we  cause  the  liquid  to  fiow 
along  till  Its  lower  end  is  placed  where  the 
upper  previously  stood.  We  apply  the  tube 
to  the  scale,  taking  core  tb  make  its  initial 
line  correspond  to  theedge  as  before.  A  nev 
point  for  measuring  equal  capacity  is  now 
obtained.  W^e  thus  proceed  till  the  requisite 
length  be  graduated;  and  we  then  weig^  the 
mercury  wUh  minute  precision. 

The  bulb  is  next  formed  at  the  cDaraeIler*a 
blowpipe  in  the  ususl  way.  One  of  a  cy- 
lindrical or  conical  shape  is  preferable  to  a 
sphere,  both  for  strength  and  senubOity.  We 
now  ascertain,  and  note  down  its  wei^t.  A 
tubular  oofl  ot  paper  is  to  be  tied  to  tl^  mouth 
o£  the  tube,  rising  in  a  funneUfomi  an  indi  or 


boOodrntrQuy}  aodqpplyiBgl 
of  a  lamp  to  the  bolb,  ww  «a^ 
the  aic  On  aUowing  the  Irolb  to  osel,  m 
pOTtion  of  the  merooiy  will  dcaoead  ntiit. 
jDOResponding  to  the  qvantity^  of  air  |»- 
viously  ezpdled.  The  bulb  la  now  fa  la 
heated  OTCB-  the  lan^  till  tbe  iDchidediMaBBif 
boil  briskly  for  some  time.  On  leuMiia^;  k. 
the  quiduuver  wiQ  descend  fiom  die  psps 
funiiel,  and  completely  fill  die  IniSi  aid  siob. 
Should  any  veside  of  air  appear,  the  pmsB 
of  heating  or  boiling  must  be  mwalid,  wtt 
the  precaution  of  keeping  a  cnlunm  ofaop^ 
Incumbent  mercoir  in  die  paper  inaiid.  Wbea 
the  temperataie  of  die  bulb  Ina  rank  tpaeai^ 
that  of  boiling  water,  it  may  be  immfTswi  ia 
mdting  ioe.  The  fonnd  mod  its  moeny  sk 
then  to  be  removed,  and  the  bulb  is  to  be 
plunged  into  bdling  water.  Abaat  14Bd«f 
'  die  indnded  mercury  will  now  be  cspcibd. 
On  cooling  the  inatzumeBt  again  in  mcldai 
ice,  die  cero  point  of  the  omtig^BBde  aeale, 
ooncaponding  to  32»  of  FabMnfaait,  will  he 
indicaied  by  thetopof  themercniialoolnnk 
This  point  must  be  noted  with  m  scalcb  en 
the  glass,  or  else  by  a  mark  cm  the  ptefnad 
scale.    We  then  weigh  the  whole. 

We  have  now  anfiicientdatalSar  cnmiilrtiiig 
the  graduation  of  the  instrumoit  Iram  9mt 
fixed  point;  and  in  hot  flimatjrt,  aad  otin 
aituations,  where  ioe,  for  exvnple,  eanoot  be 
eoQveniendy  piocarod,  this  &cllity  of  iRmiag 
an  exact  thermometer  is  impottant.  Wekaew 
die  wdght  of  the  whole  included  mammy,  and 
that  of  eadi  /fradut  of  fbe  atem.  And  at 
firom  32«  to  2129  F.  or  liom  0*  to  190*  eent. 
oonesponds  to  a  mercurial  expansion  ingjhsa 
of  1-C^  we  can  easUy  compute  bevmaBTof 
our  graduating  spaces  are  oontained  ai  the 
range  of  temperuore,  between  freenag  and 
boiling  water.  Thus,  supposing  the  meiaulal 
oontenta  to  be  878  graina,  1.6Sd  of  that 
guandtv,  or  6  (^ains,  toticapond  to  180  of 
Fahrssheit*a  d^cees.  Now,  if  the  initiid 
measuring  column  were  0-8  of  a  giaia,  tlien 
10  of  these  spaces  would  oomprehend  the 
range  .between  frcesing  and  boiling  water. 
Hence,  if  we  know  tiie  boiliqg  point,  we  can 
set  off  the  fieesing  point;  or,  Ixom  the  tem. 
perature  of  the  Uving  body,  98*  F.,  we  can 
set  off  both  the  (reeling  and  bmling  points  of 
water.  In  the  present  caae,  we  must  divide 
each  space  on  our  prepared  acale  into  ISeqnal 
parts,  which  would  ooosdtute  degrees  cf 
Fahrenheit;  or  into  10  equal  parta,  wfaiefa 
would  constitute  centiflade  dqs;nea«  or  into 
8,  which  would  form  Beanmur'a  degreea.  I 
have  graduated  tfaennometeBS  in  due  wtay,  and 
have  found  them  to  be  very  correct.  When 
we  have  ioaaod  boiling  water  atonren 
however,  we  may  diapeose  with  the  y 
prooeases.  Byphmging  theiostroi 
melting  ice,  and  then  into  boflmg  i 
find  how  many  of  oUr  initial  spaees  on  the 
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and  ve  mibdivide  them  aooonUog^y*    If  tlie 

tube  be  very  uoeauable,  we  mult  Moommo^ 

date  even  oui  fubaiTuioiis  to  its  inegubrittes, 

for  which  puipoee  the  eye'is  aauffideDtgnide. 

ThenDometert  an  uied  Bx  two  di&rent 

purpoea*  each  of  which  leqaiies  pecaliar 

admtatioD.   Those  empbyed  in  meteorology, 

or  for  indicatiog  atmospherical  temperatoiev 

are  wholly  pUmged  in  the  ilaid,  and  henee  the 

atem  as  weU  as  bulb  are  equally  afiected  by 

the  calorific  eneitgy.    But  when  the  diemist 

wiahes  to  aeoertain  the  temperature  of  corrorive 

liquida,  or  bland  liouids  highly  heated,  hs 

can  inunene  merely  me  bulb,  aiid  the  naked 

part  of  the  stem  under  the  sosJe.   Theportion 

of  the  tube  oonresDODding  to  the  scale  is  not 

influenced  by  the  heat,  as  in  the  fonner  case; 

and  hence,  U63d  part  of  the  mercury,  which 

at  32«  F.  was  acted  on,  has  at  212<»  escaped 

iTom  its  iufiuence.    (AIM.  Dnlong  and  Petit 

make  it  1^4«8th  between  32»  and  212*;  see 

Cajloric).    Hence  I  cooceiye,  that  a  me* 

ieorological    and    a   chemical    thermometer 

ought  to  be  graduated  under  the  peculiar 

oonditions  in  which  they  are  afUrwards  to  be 

used.     The  former  should  huve  its  stem  sur« 

rounded  with  the  steam  of  boiling  water,  while 

its  bulb  is  immersed  an  inch  or  two  beneath 

the  surface  of  that  liquid,   the    barometer 

having  at  the  time  an  altitude  of  30  inches. 

For  ascertaining  the  boiling  point  on  a 
thermometer  stem,  I  adapt  to  the  mouth  of  a 
tea-kettle  a  cylinder  of  tin-plate,  the  top  of 
which  contains  a  perforated  cork.  Through 
this  the  glass  tube  can  be  slid  to  any  convenient 
point;  while  the  tin  cylinder  may  also  be 
raised  or  lowered,  till  tne  bulb  rest  an  inch 
beneath  the  water*  The  noode  of  the  kettlo 
is  ahut  with  a  cotk ;  and  at  the  top  of  the 
cylinder,  a  side>hole  for  escape  of  the  steam  is 
left  If  the  bitfometer  differs  from  30  by  one 
inch,  then  the  boiling  point  of  water  wiU  differ 
by  1.920  F.  Or  1»  F.  by  Mr.  Wollaston. 
^eofieqponds  to  a  difference  of  0*689  of 
barometric  pressure.  When  the  barometer, 
for  example,  stands  at  20  inches,  water  boils 
at  210-00  F, ;  and  when  it  stands  at  31  inches, 
the  boiling  temperature  is  213-32.  Particular 
attention  must  be  paid  to  this  source  of 
variation. 

A  thermimieter  for  chemical  experiment 
shonld  have  its  boiling  point  determined,  by 
immerrioo  only  of  the  bulb  and  the  naked 
portion  of  its  stem  below  the  scale,  hi  boiling 
water.  It  is  surely  needless  to  say»  that  the 
water  ought  to  be  pure,  since  the  presence  of 
sslioa  natter  a&cts  its  boiliog  temperature ; 
and  it  ought  to  be  contained  in  a  metallic 
vessel 

Before  sealing  up  the  end  of  the  tube,  we 
should  draw  it  into  a  capillary  point,  and  heat 
the  bulb  till  the  mercury  occupy  the  whole  of 
the  stem*    A  touch  of  the  blowpipe  ilame  on 


the  wOlttyftlan  will  IntlsBtly  <lote  h,  nd 

exdude  the  air  from  roieotering  when  the  bulb 
becomes  cooL  If  this  has  been  skUfuUy 
executed,  the  oolunm  of  mercury  will  move 
rapidly  from  one  end  of  the  tube  to  the  other, 
when  it  is  inverted  with  a  jerk.  An  ivoiy 
scale  fo  the  handsomest,  but  the  most  ex- 
pensiv&  Those  used  in  Paris  consist  of  a 
narrow  slip  of  paper,  enclosed  hi  a  glass  tube, 
which  is  attached  in  a  parallel  direction  to  the 
thermometer  stem.  It  ft  soldered  to  it  above. 
by  the  lamp,  and  hooked  to  it  below,  by  a  ring 
of  glass.  Such  instruments  are  very  convenient 
for  corrosive  liquids ;  and  I  find  them  not 
difficult  to  construct. 

In  treating  of  the  measure  of  temperature 
nnder  Calobic,  I  have  endeavoured  to  dbow, 
that  were  the  whole  body  of  the  thermometer, 
atem  and  bulb,  immersed  in  boiling  mercury, 
it  would  indicate  3d<»  more  than  it  does  on  die 
supposition  of  the  bulb  alone  being  subjected 
to  the  calorific  influence,  as  takes  place  in 
iknnmon  experiments.  But  MM.  Bulongand 
Petit  state,  that  it  ought  to  mdlcate  680*  in 
the  farmer  case,  while  Mr.  Crichton  shows 
that  it  actually  indicates  650<»  in  the  latter, 
giymg  a  difference  of  only  24^  instead  of  35<». 
This  discordance  between  fact  and  theory  it 
only  apparent;  for  we  must  reooDect  that 
mercury  being  an  excellent  conductor  of  heat, 
will  communicate  a  portion  nt  that  expansive 
energy  from  the  immersed  bulb,  to  the  mercury 
in  the  stem,  which  will  be  retained,  hi 
Gooaequence  of  ghiss  being  a  very  imperfect 
conductor  of  heat  Hence  we  mar  infer,  that 
but  for  this  communication  of  heat  to  the 
stem,  a  thermometer,  whose  bulb  alone  te 
plunged  in  boiUng  mercury,  would  stand  at 
645"*  F.,  or  I70  below  the  true  boiling  tem- 
perature by  an  air  thermometer,  aecordhig  to 
MM,  Dulong  and  Petit.  If  we  take  the  mean 
apparent  expansion  of  mercury,  in  glass,  for 
ISO^y  between  32^  md  682«,  as  given  by  these 
chemists  at  l-64th ;  then  the  above  reduction 
would  become  34-4^  instead  of  350,  an  incon- 
siderable diflbenoe. 

In  consequence  of  this  double  compensation, 
a  good  mercurial  thermomeUT,  as  constructed 
by  Crichton,  becomes  an  almost  exact  mea- 
sure of  temperature,  or  of  the  relative  apparent 
energies  of  caloric 

At  the  end  of  the  Dictionary  a  table  of 
reduction  Is  given  for  the  three  thermomctric 
isales  at  present  used  in  Europe;  that  of 
Reaumur,  Celsius  or  die  centigrade,  and 
Fahrenheit.  The  process  of  n^uction  is 
however  a  very  sunple  case  of  arithmetic.  To 
convert  the  centinade  interval  into  the  Fah- 
renheit, we  multiply  by  ]>8  or  by  6  and  0-9, 
marking  off  the  hat  figure  of  the  product  as  a 
decimal.  Thus  an  interval  d  17*  centigrade 
=17*  X  6  X  0.3=one  of  300»  Fahrenheit. 
But  as  the  fonner  scale  marks  the  melting  of 
ice  0^*  and  the  latter  32*,  we  must  add  82o 
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o  have  the  Fduenhcift  mmber  c 

r  form  of  the  same  rule  of  eonrerrion 

nible  the  centigiade  iDtenral  subtract 

the  remainder  is  the   Fahrenheit 

Thus,  from  the  double  of  17^=34*, 

7  rr  3.4,  the  tcmahider  90-6  is  the 

ling  inteml  on  Fahrenheit's  scale. 

t  the  Fahrenheit  interrals  into  the 

y  divide  bj  p  and  by  0*3,  and  mark 

95* 
imalpofaitdiiM:  J|^F.=jj^= 

we  wish  to  leduce  a  Fshienheit 
0  a  centigrade,  we  must  b^in  by 

the  32*  whidi  the  former  is  in 
ver  the  latter,  at  the  melting  of  ioe» 
the  French  soJe.     Thus  to  convert 

the  centigrade  scale ;  9d«—  32o= 

ied  in  arithmetical  reductioa  know 
itageouaitisto  confine  it  if  postiblQ 
s,  and  not  to  blend  two  or  mora, 
ordinary  rule  of  multipljring  by  9^ 
ng  by  6,  to  bring  the  Fahrenluait  to 
iide  intervals,  seems  less  convenient 
preceding.    With  regard  to  tho 
scale,  however,  which  U  now  of  rara 
,  we  may  employ  the  usualproportioa 
or  te  the  double  add  one.£bnzth : 
F.=9-4tbsR.aiid 
R.=44KhsF. 
the  relations  of  the  intervals, 
it,  however,  attend  to  the  initial  32* 
eit. 

_F>— 32" 
"  6x03 
=  (£>x6x(K3)-4-3y 

4(F— 32*) 
"         9 
^R+32« 
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ti  volume  of  the  FhiL  Magazine* 

of  Glasgow  has  described  a  self. 

ermometer  of  his  invention,  con- 

•  oblong  slips  of  steel  and  zinc, 

ogether  by  their  faces ;  so  that 

cpansion  or  contraction  of  the 

)se  of  the  steel,  by  tlie  same 

cmpeniture  causes  a  flexure  of 

biur.    As  this  is  secured  to  a 

)d,  the  whole  flexure  in  exercised 

the  short  arm  of  a  lever  index, 

mity  of  which  moves  along  a 

Ae  instrument  is  originally 

jood  mercurial  thermometer; 

ints  of  the  aim  are  registered  by 

which  are  pushed  before  it, 

maxinram  deviation  to*  the 

the  last  observed  position  or 


tcmpCTHtnrc*    The  pnidplo  la  < 

of  Arnold's  corapensadon  balaiiee  ftr'cfaf*- 

nometen* 

An  exquisite  instmmcBtoD  diei 
ciple  has  been  invented  by  If - 
member  of  the  Atisdemy  or  i 
Board  of  Longitade  of  France.  It  4 
a  narrow  met^e  slip,  about  ^^  of  s 
thick,  composed  of  silver  and  pla&a,  s 
togedier;  and  k  is  eoiled  m  a  cyBbAuy 
fotm.  The  top  of  this  spiral  tube  Is  saapeaded 
by  a  brass  arm,  and  the  bottoiB  caaries,  in  « 
horiaontal  posttioii,  a  very  dcBrte  gaUbo 
iieedie»  which  traverses  as  an  index  cd  a  9a. 
dusted  cixrular  plate.  A  sted  atodtiaesiBthe 
oentre  of  the  tube,  to  prevent  its  osaDacaiw 
ftom  the  central  position.  If  the  s3vcr  be  on 
the  outside  of  the  spiral,  then  die  inlBeBee 
of  increased  temperature  will  increaae  the 
curvature,  and  move  the  appended  neeiBe  b 
d)e  direcdoD  of  the  coil ;  while  the  aeiifln  cf 
cold  will  relax  the'  ooil,  and  aocve  the  needle 
in  the  opposite  direction.  M.  Bregwetwaaso 
good  as  to  present  me  with  two  instnaacBH; 
both  of  which  sie  perfect  tberaaomccea,  bat 
one  is  the  most  sensible  wfaicfa  I  ever  saw: 
For  some  details  concerning  it,  aee  Cajloiuc. 
Dr.  WoOastoB  showed  me  In  1609  a  sBp  of 
copper  coated  with  jdatinum,  wfaidi  exhSBted. 
by  its  curvature  over  flame  or  the  vapocrof 
water,  die  expanding  inflaenoe  of  heat,  in  a 
striking  manner.  For  other  facta  oonoeniDf 
the  measurement  of  heat,  see  Cai.okic. 

THOMSONITR  A  minend  of  theasotite 
fttfnfly,  itmnd  in  the  neigfabouriiood  ofSH. 
Patrick  near  Dumbarton.  The  primary  foon 
of  its  crystah  is  a  tight  rectangular  prisak 

THORINA.  A  supposed  new  eaMh, 
described  ss  such  in  1816  by  M.  Bcnelioa. 
He  has  smce  found  it  to  be  metely  a  aeb- 
phosphate  of  yttria. 

THULITE.  A  hard  peadi-bkasem  eo. 
loured  mineral  found  at  Sonknd,  in  Tdle- 
mark  in  Norway. 

THUMERSTONE.    Axinite. 

TILE  ORE.  A  sub-species  of  octsheebBd 
red  copper  ore. 

TIN  is  a  metal  of  a  yellowish-white  eobar. 
considerably  harder  than  lead,  seaioely  at  aD 
sonorous,  very  malleable,  though  net  verv 
tenacious.  Under  the  hammer  it  is  extended 
into  leaves,  called  tin-lbil,  whi^  are  about 
onc-thousandth  of  an  inch  thick,  and  might 
easily  be  beaten  to  less  than  half  that  titick- 
ness,  if  the  puiposes  of  trade  required  iL  Tlic 
process  for  making  tin-foil  consists  simply  ia 
hammerins;  out  a  number  of  plates  of  this 
metal,  laid  together  upon  a  smooch  block  or 
plate  of  inm.  The  smallest  sheets  are  the 
thinnest.  Its  specific  gravity  is  7*29.  It 
melts  at  about  the  449»  of  Fahrenheit's  tiber. 
mometer ;  and  by  a  continaanos  of  the  heat  it 
is  slowly  ctbverted  into  a  white  nowder  by 
dxklatioa.   like  lead,  it  is  brink  wMheaBod 
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AluMMt  «D  Mioni  and  exkiMts  a  (Stained  or 
filMOQS  textnre,  if  broken  by  <fae  blow  ot  a 
htttnmer ;  it  may  also  be  granulated  by  agHa- 
tion  St  thdtime  of  its  transitJon  ftom  the  luid 
to  the  solid  state.  The  oxide  of  tin  resists 
faBun  more  stioDgly  than  that  of  any  other 
metal;  ftom  wliidi  property  it  is  nseful  to 
form  mn  opaque  white  enarael  when  mixed 
wiiii  pan  glass  in  fbsioD.  The  brightness  of 
its  suHkee,  when  scraped,  soon  goes  off  by 
exposure  to  the  air;  but  it  is  not  subject  to 
nist  or  ootTosion  by  exposure  to  the  weather. 

To  obtain  pure  tin,  the  metal  should  be 
boiled  in  nitric  add,  and  the  oxide  which  falls 
down  reduced  by  heat  in  contact  with  charcoal, 
in  a  oovemt  crudUe. 

There  are  two  definite  combinations  of  tin 
and  oxygen.  The  first  or  protoxide  is  gray ; 
the  aeoond  or  peroxide  is  white.  The  first  is 
finmed  by  heating  tin  in  the  air,  or  by  dis- 
solving tin  in  muriatic  acid,  and  adding  water 
of  potash  to  tiie  solution  whilst  recent,  and 
before  it  has  been  exposed  to  air.  The  pre- 
dpitste,  aAer  bdng  heated  to  whiteness  to 
expel  the  water  c^  the  hydrate,  is  the  pure 
protoxide.  It  is  convertible  into  the  per- 
oxide  by  bdng  boHed  with  dilute  nitric  add, 
dried  and  ignited.  According  to  Sfa*  H.  Davy, 
the  protoxide  contains  1  S.6  per  cent,  of  oxy sen. 
Supposing  it  to  consist  of  a  prime  equivalent 
of  eadi  constituent,  tiuitof  tin  would  be  7*339. 
FroDi  the  analyses  of  Bensdius  and  Oay 
Ifuasac,  tile  peroxide  is  composed  of  100 
metal  +  27*2  oxygen ;  and  if  we  regard  it  aa 
oontahiing  two  primes  ci  the  hitter  prindple 
to  1  of  metal,  the  prime  of  tills  will  be  7-3^* 
The  mean  mavbe  taken  at  7.35. 

Thereareailso  two  eM>rui^«  of  tin.  When 
tin  is  bumed  in  chlorine,  a  very  volatile  dear 
liquor  is  formed,  a  non-conductor  of  dectridty, 
and  which,  when  mixed  with  a  litde  water, 
becomes  a  solid  orystallhie  substance,  a  true 
muriate  of  tm,  containing  the  peroxide  of  the 
metal  This,  which  has  been  called  the  liquor 
of  Libavius,  may  be  also  procured,  by  heating 
togetiter  tin-filings  and  oorrodve  sublimate,  or 
an  amalgam  of  tin  and  corrosive  sublimate. 
It  condsMs,  according  to  the  analysis  of  Dr. 
John  Davy,  of  2  primes  of  chlorine  =  9  +  1 
of  tfai  =  7.35.  The  otiier  compound  of  tin 
and  chlorine  is  a  gray  semitranspaient  crys- 
talliBe  solid.  It  may  be  procured  by  heating 
together  an  amalgam  of  tin  and  calomeL  It 
diMcdvcs  in  water,  and  fbrms  a. solution,  which 
rapidly  absorbs  oxygen  ftom  tlie  ab,  with 
dqiosition  of  peroxide  of  tin.  It  consists  of, 
Chlorine,  4*6 
Tin,         7-35 

There  are  two  sulphurets  c^  tin.  One  may 
be  made  by  f^ng  tin  and  sulphur  together. 
It  is  of  a  bluish  colour,  and'lamdlated  texture. 
It  consists  or  7*35  tin  +  2  sulphur.  The 
other  sulphuret,  or  the  bisulphuret,  is  made 
hy  heatfaig  together  tiie  peioxide  of  tin  and 
Mlphnr.    It  ia  of  a  beautiful  gold  eolottr,  sad 


appears  In  fine  flakes.    It  was  fonnerly  called 
aurum  muHxmm,    According  to  Dr.  John 
Davy,  it  consists  of  1  prime  tin         =  7-35 
2  sulphur  =  4*00 

For  another  mode  of  making  it,  see  Aurum 

MlTSIVUM. 

The  salts  of  tin  are  characterised  by  the 
following  genend  properties : — 

1.  Ferroprussiate  of  potash  gives  a  white 
predpitate. 

2.  Hydraaulphuret  of  potash,  a  brown* 
black  with  tlie  protoxide ;  and  a  goldcn.yellow 
with  the  peroxide. 

3.  (HUs  do  not  aflfeet  the  solutions  of  these 
salts. 

4.  Corrosive  sublimate  occadons  a  black 
predpitate  with  the  protoxide  salts)  a  white 
with  the  peroxide. 

6.  A  plate  of  lead  fVequendy  throws  down 
metallic  tin,  or  its  oxide,  from  the  saliiie  so- 
lutions. 

&  Muriate  of  gold  gives,  with  the  prot- 
onde  solutioOs,  the  purple  precipitate  of 
Caadus. 

7«  Muriate  of  platinum  occasions  an  orange 
predpitate  with  Uie  protoxide  salts. 

Concentfatod  sulphuric  add,  assisted  by 
heat,  dissolves  half  its  wdght  of  tin,  at  the 
same  time  tiutt  sidphurous  gas  escapes  in 
great  plenty.  By  the  addition  of  water,  an 
oxide  of  tin  is  precqpitated.  Sulphuric  add, 
slighdy  diluted,  likewise  acts  upon  this  metal ; 
but  if  much  water  be  present,  the  solution 
does  not  take  place.  In  tne  sulphuric  solution 
of  tin,  thoe  is  an  actual  formation  or  extri- 
cation of  sulphur,  which  venders  the  fluid  of 
a  brown  colour  while  it  continues  heated,  but 
subddes  by  coolhig.  The  tin  is  likewise 
predpitated  in  the  fonn  of  a  white  oxide,  by  a 
continuance  of  the  heat,  or  by  long  standing 
without  heat.  This  solution  affords  needle- 
formed  crystals  by  cooling. 

Nitric  add  and  tin  combine  together  very 
rapidly  without  the  assistance  of  heat.  Most 
of  the  metal  falls  down  in  the  form  of  a  white 
oxide,  extremely  difficult  of  reduction ;  and 
the  small  portion  of  tin  which  remains  sus- 
pended, docs  not  aflbrd  crystals,  but  fklb 
down,  for  the  most  part,  upon  the  application 
of  heat  to  faispissate  the  fluid.  The  strong 
action  of  the  nitric  add  upon  tin  produces  a 
singular  phenomenon,  which  is  faappOy  ac^ 
counted  for  by  the  modem  dizicoveries  in 
chemistry.  M.  de  Morveau  has  observed, 
that,  in  a  solution  of  tin  by  the  nitric  add, 
no  elastic  fluid  is  disengaged,  but  arnmonia 
is  fbrmed.  This  alkali  must  have  been  pro- 
duced by  tiie  nitrogen  of  that  part  of  tiie  nitric 
add  which  was  employed  in  afibrding  oxygen 
to  oxidize  the  tin. 

The  muriatic  add  dissdves  tin  very  readfly, 
at  the  same  time  that  it  becomes  of  a  darker 
colour,  and  ceases  to  emit  fumes.  A  slight 
effervescence  takes  place  with  the  disengage, 
ment  of  a  fetid  inflammable  gas.    Muriatic 
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manent  crystals  by  eraporation.  If  the  tin 
contain  arsenic,  it  remains  undissolved  at  the 
bottom  of  the  fluid.  Recent  muriate  of  tin 
is  a  very  delicate  test  of  mercury.  M.  Che- 
nevix  says,  if  a  single  drop  of  a  saturated 
solution  of  neutralised  nitrate*  or  muriate  of 
mercury,  be  put  into  600  grains  of  water,  a 
few  drops  of  solution  of  muriate  of  tin  will 
render  it  a  little  turbid,  and  of  a  smoke-gray. 
He  adds,  that  the  effect  is  perceptiUe,  if  ten 
times  as  much  water  be  added. 

Aqua  xegia,  consisting  of  two  parts  nitric 
and  one  muriatic  acid,  combbes  with  tin 
with  effervescence,  and  the  development  of 
much  heat.  In  order  to  obtain  a  pennanent 
solution  of  tin  in  this  add,  it  is  necessary  to 
add  the  metal  by  small  portions  at  a  time ;  so 
that  the  one  portion  may  be  entirely  dissolved 
before  the  next  piece  is  added.  Aqua  regia, 
in  this  manner,  dissolves  half  its  weight  of 
tin.  The  solution  is  of  a  reddish-brown,  and 
in  many  instances  assumes  the  form  of  a 
concrete  gelatinous  substance.  The  addition 
of  water  sometimes  produces  the  concrete  form 
in  this  solution,  which  is  then  of  an  opal 
colour,  on  account  of  the  oxide  of  tin  difiiued 
through  its  substance. 

The  uncertainty  attending  these  experi- 
ments with  the  solution  of  tin  in  aqua  regia, 
seems  to  depend  upon  the  want  of  a  sufficient 
degree  of  accuracy  in  ascertaining  the  specific 
gravities  of  the  two  adds  which  are  mixed, 
the  quantities  of  each,  and  of  the  tin,  together 
with  that  of  the  water  added>  It  is  probable, 
that  the  spontaneous  assumption  of  the  con- 
Crete  state  depends  upon  water  imbibed  from 
the  atmosphere.  The  solution  of  tin  in  aqua 
regia  is  used  by  dyers  to  heighten  the  colours 
of  cochineal,  lac-dye,  and  some  other  red 
tinctures,  from  crimson  to  a  bright  scarlet,  in 
the  dydng  of  woollens. 

The  acetic  add  scarody  acts  upon  tin.  The 
operation  of  other  adds  upon  this  metal  has 
been  little  hiqmred  into.  Phosphate,  iiuate, 
and  borate  of  tin,  have  been  formed  by  pie- 
dpitating  the  muriate  with  the  respective 
neutral  salts. 

If  the  crystals  of  the  saline  combination  of 
copper  with  the  nitric  add  be  grossly  p<»w. 
dered,  moistened,  and  rolled  up  in  tinfoil,  the 
salt  deliquesces,  nitrous  fumes  are  emitted, 
the  mass  becomes  hot,  and  suddenly  takes 
fire.  In  this  experiment,  the  rapid  transition 
of  the  nitric  acid  to  the  tin  is  supposed  to 
produce  or  develope  heat  enough  to  set  fire  to 
the  nitric  salts;  but  by  what  particular  changes 
of  capadty,  has  not  been  shown. 

If  small  pieces  of  phosphorus  be  thrown  on 
tin  in  fusion,  it  will  take  up  from  15  to  20 
per  cent,  and  form  a  sih  cry  while  phosphurel 
*'f  II  fciliii-^iij  texture^  arid  soft  eiioiiglj  to  bt?  cut 
^'iih  a  r.[]ti\\  ihcvii^h  but  Utrle  malleable. 
Tltis  f>hi)ii[ji.urct  may  bt  formed  likewise  by 
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Tin  unitea  with  bismath  by  fuilon,  and 
becomes  harder  and  moie  brittle  in  praponioB 
to  the  quantity  of  that  metal  added.  With 
nickd  it  forms  a  white  briHiuit  maaa.  It 
cannot  easily  be  united  in  the  direct  way  with 
anenk,  on  account  of  tfaa  voladfity  of  this 
metal ;  but  by  heating  it  with  tlie  oonbinatica 
of  the  arsenical  add  and  potash,  the  salt  is 
partly  decomposed;  and  the  tin  eanabimng 
with  the  acid,  beoomes  ooovotsd  into  a  bnU 
liant  brittle  oompooiid,  of  a  plaked  texture 
It  has  been  said,  that  all  tin  contains  anenic; 
and  that  the  crackling  noise  wfakfa  Is  be&rd 
upon  bending  pieces  of  tin,  is  pvodneed  by 
this  imparity ;  but,  from  the  ezperimcnt  d 
Bayen,  this  appears  not  to  be  tlMfiKt.  Cek»li 
unites  with  tin  by  fusion  ;  and  fonos  a  grained 
mixture  of  a  colour  slightly  indiBing  to  vii^le^ 
Zinc  tmites  very  well  with  tin,  inaeaaKog  23 
hardness,  and  diminishing  its  ductility,  ia 
proportion  as  the  auaBtity  of  sine  is  greater. 

This  is  one  of  me  principal  addiiioiis  use 
in  making  pewter,  which  csnsisti  iar  Ac  m<ct 
part  of  tin.  The  best  pewter  does  not  oooaia 
above  one.tweDtisdi  part  of  admixtnve,  whic'i 
consists  of  rise,  copper,  bamoth,  or  audi  other 
mctallio  Bubetanoes  ss  apcrieoce  Ims  showa 
to  be  most  eondndve  to  the  imuMwmucat  c£ 
its  hardncM  and  ooloiff»  The  inieiisr  setts  ct 
pewter,  more  especially  those  vaed  abroad, 
contafai  much  lead,  have  a  bluish  eofeuE,  and 
are  soft  The  tin  usually  met  wiiii  In  coir.- 
merce  in  this  country,  has  no  adnsixture  to 
impair  its  purity,  except  snch  as  nay  arci- 
dentally  elude  the  workmen  at  the  mines. 
But  the  tin  met  with  in  tiidgo  awiitries  h  so 
mudi  debased  by  the  deakn  in  that  artick, 
especially  the  Dutdi,  that  pcvter  aad  tin  are 
considered  abroad  as  the  same  sabitaBee. 

Antimonv  forms  a  very  britde  haid  mix  ture 
with  tin ;  the  specific  gravity  of  whsdi  ia  las 
than  would  have  been  dedneed  by  oomputa^ 
tion  from  the  specific  grsTitieB  and  qnantiru'^ 
of  eadi,  sepuately  taken.  Tangstea  fus.d 
with  twice  its  wdght  of  tin,  affords  a  broim 
spongy  mass,  whidi  is  somewhat  dactik. 

The  uses  of  tin  sie  very  nuneraoa,  and  so 
wdl  known,  that  tfiey  scaroeiy  need  be  pointed 
out.  Several  of  them  have  been  already  mer^- 
tinned.  The  tinning  of  iron  and  eisi^er^  the 
silvering  of  looking-glasses,  and  the  fsbrica- 
tion  of  a  great  variety  of  vessels  and  ute£>;> 
for  domestic  and  other  uses,  are  among  the 
advantages  derived  from  this  metaL 

TINCAL.  Crude  borax^r  as  it  is  imported 
from  the  Esst  Indies,  in  yellow  greasy  crr». 
tals,  is  called  tincaL 

TINGLASS.    Bismuth. 

TINNING.    SeelaoM. 

TITANTFEROUSCERITE,  A  ■ -^ 
from  the  Corotivuidd  coui,   of  a 
broifu  cflJouT,  a  Titnwoa  1 
baninew  equal  to  that  of  |h«  j 
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uwmngmp^^tmhemA.  Bdlfa  alkalis  and 
adlda  act  upon  ic  Its  ooBatituentt  aie,  (aide 
of  oflri«m  36»  oxide  of  izoo  19,  lime  8,  aln- 
miiiA  6,  water  11»  oiide  of  nuuigaiMse  1*8, 
silica  19b  <nidB  of  titaninm  8.  These  qi 
titiM  exeeed  100  by  9^  parts,  i 
casioned  by  tlie  protoxide  of  oemmi  in  the 
ninetal  booomiiig  peroxide  in  the  analysis. — 
Laugkr*  Amnakt  de  CAmm.  et  PhyM.  xxvii 
313. 

TITANITS8.  This  name  baa  been  given 
to  certain  ona  of  titaniiun,  oontainlng  that 
■wtal  in  the  stale  of  oxide.  See  the  foUowing 
wtidet. 

TITANIUM.  TheRer.  Mi^Oiegordk. 
covered  in  a  kind  of  fencuipnous  ssnd,  found 
in  the  vale  of  M enacfaan,  in  Cornwall,  what 
be  snppeaed  to  be  the  oxide  of  a  new  metal, 
bat  was  nnable  to  reduce. 

Klaprotli,  afterward  analyang  what  was 
called  the  red  schorl  of  Hungary,  found  it  lo 
be  tlie  pure  oxide  of  a  new  metid,  which  he 
named  titanium,  and  the  same  with  the  meos^ 
diaaite  of  Mr.  Orcsor.  Since  that,  oxide  of 
titaniam  has  becv  discovered  in  several  fossils. 

We  do  not  know  diat  titanium  baa  been 
completely  reduced,  except  by  Lampaditts, 
who  d&ibA  it  by  means  of  diaicoal  only. 
The  oside  he  empkyed  was  obtained  from 
the  decomposition  fA  gaUate  of  titaninm  by 
fixed  aUmb.  The  metal  was  of  a  dark  copper 
coloor,  with  mndi  metallic  brilliaacy,  badttle, 
and  in  small  scaks  oonsidenbly  elastic.  It 
tamiahes  in  the  air,  and  is  easily  oxidiaed  bv 
heat.  It  then  acquires  a  bluish  aspect.  It 
detonates  with  nitre,  and  is  highly  infusible* 
AU  the  dense  adds  act  upon  it  with  consider. 
According  to  VanqucliD,  it  is 


Certain  oiall  cnbcs  occasionally  obaerved 
in  iron  slsg,  had  generally  been  regarded  as 
pyxitical,  but  apon  minute  inflection,  Dr. 
Wollaatan  observed,  that  neither  their  colour, 
crystalliiatlon,  nor  hasdneaa,  were  those  of 
pyrites.  The  crystals  sie  striated.  Puriiied 
nom  iron  by  muriatic  add,  they  sze  insoluble 
in  muriatic,  nitric,  nitro-urariatic,  and  sol. 
phone  adds.  Their  perfect  aolution  may  be 
eflected  by  Ae  combined  action  of  nitxe  and 
borax,  since  the  latter  disMdves  the  oxide  as 
fost  as  it  is  fonned,  and  presents  a  succesrion 
of  dear  nirfooes  for  fiesh  oxidation.  But  ss 
tbewsalti  donot  unite  by  fusion,  the  addition  of 
soda^  as  a  medium  c/i  union,  shortens  the  pro. 
cess.  The  fiised  mass  becomes  opaque  on 
cooling  by  the  depodtion  of  a  white  oxide, 
which  aaay  other  be  prevkwsly  freed  of  the 
tabs  by  boiling  water,  and  then  dissolved  in 
muriatic  add,  or  the  whole  mass  may  be  at 
once  dissolved  together.  In  dther  esse,  al- 
kalis predpitate  nom  the  solution  a  white 
oxide,  which  is  not  soluble  by  excess  of  aU 
kali  dther  pure  or  carbooated.  By  evapcmt. 
^g  the  mnriatie  solution  of  the  oMe  to  dry- 
ficii»  at  the  heatcf  boiling  watOT,  it  is  fteed  of 


any  lednndant  add,  and  the  muriate  whidi 
remains  is  perfectly  soluble  in  water,  and  in  a 
state  most  favouiable  for  exhibiting  the  cha. 
racteristic  properties  of  the  metal.  Inftinon 
of  gaUs  gives  the  wdl-known  red  colour  of 
galliate  of  titanium.  The  colour  occasioned 
by  prusslate  of  potash  is  also  red,  diiPeriDg 
nom  pnissiate  of  cof^ier,  by  inclining  to 
onuige  instead  of  purple,  while  the  colour  of 
prussiate  of  uranium  is  rather  brown  than  red. 

The  above  ctystals  are  perfect  conductors 
of  electridty.  Titanium  shows  no  affinity 
for  iron ;  and  it  seems  equally  indisposed  to 
nnite  with  every  other  metal  that  Dr.  WoUas. 
ton  tried.  The  sped6e  gravity  of  ihe  metallic 
titanittm  is  5*3 ;  and  it  is  so  hard  as  to  scmtdi 
agate.  Dr,  WoUaHooy  in  PkH  Tram,  fir 
1823. 

M.  Rose  obtained  oxide  of  titonium  by 
fudug  powdered  rutilite  with  thrice  its  wdght 
of  csrbooate  of  potash,  dissolving  the  com- 
pound  in  muriatic  add,  precipitating  by  caus- 
tic smmonia,  digesting  the  predpitate  for  a 
certain  time  with  hydrMulphuret  of  ammooia, 
and  finally  digestbig  the  solid  matter  left  in 
weak  muriatic  add,  which  leaves  the  oxide  of 
titanium  pure.  In  this  way  only,  as  yet,  can 
the  iron  be  removed.  The  pure  oiride  remains 
perfectly  white  when  heated  and  cooled,  and 
is  then  untouched  by  adds.  Fused  with  car- 
bonate of  potash,  and  then  treated  with  ma- 
siatic  add,  it  soroetimca  gdattnises,  though 
not  so  strongly  ss  sflics.  It  becomes  red  by 
teaching  moist  litmus,  and  with  alkalis  acta 
predsdy  as  an  add.  It  haa  therefore  been 
called  by  M.  Rose  titanic  add.  There  are  no 
salts  with  base  of  titanic  add ;  those  that  have 
been  taken  for  such,  resulted  fiom  the  presence 
of  alkali  in  tltt  titanic  add.    See  Acio  (Ti- 

TAXJCX 

The  native  red  oxide  is  insoluble  in  the 
sulphuric,  nitric,  muriatic,  and  mtro>muriatic 
adds :  but  if  it  be  fossd  with  six  parts  of  car- 
bonate of  potash,  the  oxide  is  dissolved  with 
effervesceoce.  The  sulphuric  solution  when 
evaporated  becomes  gdattnous;  the  nitric  af- 
fords rfaomboidal  crvstals  by  spontaneous  eva- 
poration, but  is  rendered  turbid  by  ebuUition ; 
the  muriatic  becomes  gelatinous,  or  flocculent, 
by  beat,  and  transparent  crystals  form  in  it 
wbea  cooled  ;  but  if  it  be  boHed,  oxygenixed 
mnriatie  add  gas  is  evolved,  and  a  white  oxide 
dmnm  down.  Phosphoric  and  arsenic  adds 
take  it  from  the  others,  and  form  with  it  a 
whits  predpitate.  These  predpitates  are  so- 
kable  in  muriatic  add,  but  in  no  other. 

The  solutions  of  titanium  give  white  pre- 
dpitates with  the  alkalis,  or  their  carbonates ; 
tincture  of  galls  gives  a  brownish-red,  and 
prussiate  of  potaah  a  brownish  yellow.  If  the 
prussiate  produce  a  green  predpitate,  this,  ac- 
cording to  Lowits,  is  owing  to  the  presence  of 
iron.  Zinc  immersed  in  the  solutions  changes 
tiidr  colour  from  yellow  to  violet,  and  lUti- 
matdy  to  sn  indigo;  tin  produces  in  them  a 
3d2 
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pale  led  dnt,  wUch  deepens  to  a  hAAt  pur. 
pie  red.  Hydnwulphuret  of  potaui  thiovs 
down  a  brownish-red  precipitate,  but  they  aie 
not  deoompoaed  by  sulphuretted  hydra^^en. 

By  exposing  phosphate  of  titanium,  mized 
with  cfaarooal  and  bmaz,  to  a  violent  heat,  in 
fi  double  eraeible  luted,  M.  Chenevix  obtained 
a  pale  white  phosphuret,  with  some  lustre, 
brittle,  of  a  granular  texture,  and  not  Ytry 
fusible. 

The  oxides  of  iron  and  titanium,  exposed 
to  heat  with  a  little  oil  and  chsroosl,  prodoee 
an  alloy  of  a  gray  ooloor,  intennized  with 
brillsant  metallic  partides  of  a  golden  yellow. 

Oxide  of  titanium  was  used  to  give  abiown 
or  ydlow  colour  in  painting  on  porcelain,  be- 
fore its  nature  was  known ;  but  it  was  found 
difficult  to  obtain  from  it  an  uniform  tint,  pro- 
bably  from  its  not  being  in  a  state  of  punty. 

TOBACCO.  The  expcessed  juice  of  the 
leares,  according  to  Vauqttelin»  contains  the 
following  substances: 

A  considerable  quantity  of  vegetable  albu- 
men or  gluten;  supermiJate  of  lime;  acetic 
acid. 

A  notable  quantity  of  nitrate  and  muriate 
of  potash.  A  red  matter  soluble  in  alcohol 
and  water,  whicfa  swells  oonsidflisbly  when 
heated. 

M  uriate  of  ammonia. 
.  Nicotin. 

Green  fecula,  composed  chiefly  of  gluten, 
green  resin,  and  woody  fibre. 

TOLU  (BAL8AM  OF).  Thissubstanoe 
is  obtained  from  the  tcdoifera  balsamum,  a 
tree  which  grows  in  South  America.  The 
balsam  flows  from  incisions  made  in  the  bark. 
It  comes  to  Europe  in  small  gourd  shells*  It 
is  of  a  reddish-brown  cokiur  and  cooaiderahle 
consistence ;  and  when  exposed  to  the  air,  it 
becomes  scdid  and  brittle.  Its  snwll  is  fra- 
ffrant,  and  continues  so,  even  after  the  balsam 
has  become  thick  by  age.  Wlien  '^ittf^1M 
with  water,  it  yields  very  little  volatile  oil, 
but  impr^jnates  the  water  strongly  wrdi  its 
taste  and  smdL  A  quantity  of  benioic  add 
sublimes,  if  the  distillation  be  oontinoed. 

Mr.  Hatchett  found  it  solubk  m  the  alkalis, 
like  the  rest  of  the  balsams.  When  he  dis- 
solved it  in  the  smallest  possible  quantity  of 
lixivium -of  potash,  it  completely  loat  its  own 
odour,  and  assumed  a  fragmnt  smell,  some- 
what  resembling  that  of  the  do  ve-pink.  ^This 
smeU,'*  Mr,  Hatchett  observes,  *^^is  sot  fiigi. 
tive,  for  it  is  still  retained  by  a  solution  which 
was  prepared  in  June,  and  has  remained  in  an 
open  glass  during  four  months.*' 

When  digested  in  sulphuric  add,  a  oon- 
fiidi>rable  quantity  of  pure  bensoic  add  sub- 
limes. When  the  solution  of  it  in  this  acid  is 
evaporated  to  dryness,  and  the  residuum  treated 
with  alcohol,  a  portioa  of  artificial  tannin  is 
obtained:  the  residual  cfaarooal  amoimts  to 
0.d4  oi  the  original  baliam. 

Mr.  Hatchett  found,  that  it  dissolved  in 
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nitrie  add,  with  ncady  tfie 

as  the  redns;   bat  it  assaned  tihe 

bitter  almonds,  wfaidi  led  ban  to 

formation  of  prussic  add.     Dnringf 

tion  in  nitric  add,  a  poftioo  of  Lmsmi'  add 

sublimes.    By  repeated  digesdoos,  it  is  esn- 

verted  into  artificbl  tsnnin. 

It  ia  totally  soluble  in  alcohol,  hma  wlndi 
water  sepoimtes  die  whole  of  k,  emoq/t  the 
bensoic  add. 

TOMBAC  AwbHeaUDyoreoppo-widi 
Aisenie,  oommonly  brittle,  though  if  the  qnan- 
tityofancnic  be  ssoall,  it  ia  bodi  ductile  and 
malleable  in  a  certain  degree.  It  isaomelinMS 
called  white  copper. 

TOPAZ.  According  to  Praftasor  Jame- 
son,  this  mineral  species  «oiitaina  three  sob- 
spedes,  common  topax,  sdio^lite,  and  ^ysa. 
lite. 

Coaifiioa  topaz.  Colour  win6<.ycDov.  Ia 
granular  concretions,  disseminaicd  and  crys- 
tallized, lu  primidve  form  ia  an  oUiqne 
prism  of  124*  22'.  The  following  are  se- 
condory  forms.  An  oblique  four-sukd  prism, 
acuminated  by  four  planes;  the  same,  widi 
the  acute  latoil  edges  bevdled;  die  same, 
with  a  double  acumination;  and  aerad  odxr 
modifications,  for  which  ooosolt  Jameaoa'ti 
Min.  voL  i.  p.  76.  The  latcEal  planes  are 
longitudinally  streaked.  Splendent  and  vi- 
treous.  Cleavage  perfect  and  perpendicnkr 
to  the  axis  of  3kt  pnsm.  Fractuie,  sman 
oonchoidaL  Transpamt.  Reftacta  doable. 
Harder  than  quarts,  or  emerald ;  bat  softer 
than  oorandum.  Easily  ftangiUe.  ispt.  gr. 
3-4  to  3-6. 

•  Saxon  topas  in  a  gentle  heat  becomes  white, 
but  a  strong  heat  deprives  it  of  Ibsir  and 
transparency.  The  Brazilian,  on  the  eantnay, 
by  exposure  to  a  hi|^  temperature,  bams 
roi«e.red,  and  in  a  still  higher  videUblue. 
Before  the  blowpipe,  it  is  infoaibkL  The 
topaz  of  Braal,  Siberia,  Muda  in  Asia. 
Minor,  and  Saxony,  wlien  heated,  exhibit  at 
one  extremity  positive,  and  at  the  other  ne. 
gative,  dectridty.  It  also  becomes  deetnesl 
by  friction;  and  retains  its  cJectiidiy  very 
long.    Its  oonsdtuents  are,** 

Bfiis.  Top.       Sax.  T.       Sax.  T. 
Alumina,  68*38  67-46  69 

Silica,  3401  34-24  36 

Fluoric  add,      7-79  7-76  6 

100>18  !)9>44         99 

BerzHimi.  Kiapr,  Kkpr, 
Topaa  fonns  sn  essondal  consdtuent  of  s 
psrticular  mountain.rock,  whidi  is  an  sggir- 
gate  of  topai,  quarts,  and  sdiorl,  and  is  named 
topas-roek.  Topas  occurs  in  drasy  csniiei 
in  granite.  It  has  been  also  disoovieRd  in 
nests,  in  trsndtioo  day  .slate ;  and  it  is  foond 
■in  rolled  pieces  in  alluvial  soiL  It  oeeois  m 
large  crystals,  and  rolled  masses,  in  an  aDuvisI 
•soil,  in  the  granite  and  gneiss  distdctt  of  if« 
and  Caimgona,  in  the  nppcr  parts  of  Abff- 
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deemhire ;  and  in  Tcins,  akog  with  tin-itone, 
in  cla7.4]ate  at  St.  Anne's,  ComwalL     On  ' 
the  ooDtincnt  it  appeara  moat  abondantlj  in 
topaz-rock  at  Schn<yki«attin.«^>/igweion. 

TOPAZOLITE.  A  variety  of  predoua 
garnet,  found  at  Mana  ia  Piednoont 

TORRELITE.  A  new  mineral  from 
Suaaex  coontj,  New  Jeney.  Coknir,  duU 
vennilioa  red;  ftacture  granular,  fine  or 
coflwae.  Scratches  glass,  rowder,  raae-red. 
AiieetB  the  magnet  aUf^tly.  Effier? esces  with 
acids.  Forms  with  boiax  a  glass  that  is 
gieca  while  hot,  bat  colourless  on  ooolisg. 
Infiiaible  alone  at  the  blowpqie.  Its  oonsti. 
tuents  are. 

Silica,  .  16-30 

PcnMuofosriom,  6*16 

Protoz.  of  iron,  1(K60 

Alumina,  1-84 

Lime,  *  1204 

Water,  176 

1.41 


6000 
Mr.  Children  has  proved,  that  the  minenl 

of  Dr.  ToRcy  eontaias  manganese,  of  which 

his  analysis  tues  no  aeoount ;  and  neither  he 

nor  Mr.  Fanday  oould  find  any  cerium  init.— 

Amuh  of  PML,lx.  2X7. 

TORTOISJS^HELL.    It  approaches  to 

nail  or  coagulated  albumen  in  its  composition. 

600  parts,  after  incineration,  leave  three  of 

earthy  matter,  oons&Bting  of 

and  soda,  with  a  little 


TOUCHSTONE, 
riety  of fitnty^slaU. 
TOURMALINE. 


Lydian  stone,  a  va- 

Rhombosdal  tourma- 
line is  divided  into  two  sub-species,  tthorly 
and  ftwrmolMie. 

ToaraialiNe.  Colours  green  and  brown. 
In  prismatie  concretions,  rolled  pieces,  but 
genoally  crystallized.  Primitive  form,  a 
ifaomboid  of  139^  2ff.  It  occurs  in  an  equi- 
angular tfaree.aided  prism,  flatly  acuminated 
on  the  extremities  with  three  planes.  The 
Isteial  edges  aie  ftfquently  bevdled,  and  thus 
a  nine-sided  prism  is  foraoed :  when  the  edges 
of  the  bevelment  sie  truncated,  a  twelve-sided 
prism  is  formed;  and  when  the  bevelling 
planea  increase  so  much  that  the  original  faces 
of  the  prism  disi^pear,  an  eqniangnlsr  six- 
sided  prism  is  finmed.  Sometimss  the  prism 
is  nearly  wanting,  when  a  double  three-sided 
pyramid  is  foraMd.  The  lateral  phnes  are 
generally  cylindrical  convex,  and  deeply  lon- 
gitudmally  streaked.  Crystals  embedded. 
Splendent,  vitreous.  Cleavage  threefold. 
Iiacture  concboidaL  Opaque  to  transparent. 
Eefracts  doable.  When  viewed  perpendicular 
to  the  axis  of  the  crystal,  it  is  more  or  less 
transparent,  but  in  the  direction  of  the  axis, 
even  when  the  length  of  the  prism  is  less  than 
the  thickness,  it  is  opaque.  As  hard  as  quarts. 
EuQy  frangible.  Sp.  gr.  30  to  3-2.  By 
friction  it  yieldi  vitiaoas  elecHidty  ;  by  heaU 


ing,  vitreous  at  one  end,  and  resbous  at  the 
other.  The  brown  and  hyadnth-red  varieties 
have  these  properties  in  the  greatest  degree. 
The  ancients  called  it  lyncuHum.  Before  the 
blowpipe,  it  melts  into  a  grayish-white  vesi- 
cular  enamel.  Its  constituents  are,  silica  42, 
alumina  40,  soda  10,  oxide  of  manganese  with 
a  little  iron  7^  loss  1. —  Vauquelin.  It  occurs 
in  gneiss,  mica-sUte,  talcsUue,  &c.  The  red 
occurs  in  Siberia,  Ava,  and  CeyIoo..-Vufnf  JOfi. 

TRACHYTE.  A  rode  of  igneous  origin, 
prindpally  composed  of  fdspar,  and  conse- 
quently faslUe  into  a  white  or  slightly  oo- 
hmred  enamd.  It  has  generally  a  porphy- 
litic  structure.  Sv^  D^Aubuitton^i  Gsologie, 
ii.624. 

TRAOACANTH  (GUM).  This  sub- 
stance, which  is  vulgarly  called  gum-dragon, 
exudes  from  a  pricklv  bush,  the  astragalus 
tragacautha^  Lion,  which  grows  wild  in  the 
warmer  clinuites,  and  endures  the  cold  of  our 
own,  but  does  not  here  yield  any  gum.  l^is 
commodity  is  brought  chiefly  from  Turliey, 
in  irregular  lumps,  or  long  vermicular  pieous 
bent  into  a  variety  of  shapes ;  the  best  sort  is 
white,  semitrsnsparent,  dry,  yet  somewhat 
soft  to  the  touch. 

Gum-tragacanth  difiers  from  all  the  other 
known  gums,  in  giving  a  thidi  consistence  to 
a  much  larger  quantity  of  water ;  and  in  being 
much  more  difficultly  soluble,  or  rather  dis- 
solving only  imperfectly.  Put  into  water  it 
slowly  imbibes  a  great  quantity  of  the  liquid, 
sweUs  into  a  large  volume,  and  forms  a  soft 
but  not  fluid  mucilage;  if  more  water  be 
added,  a  fluid  solution  may  be  obtained  by 
affitatioo;  but  the  liquor  looks  turbid  and 
wneyish,  and  on  stsndxng,  the  mucilage  sub- 
sides, the  limnid  water  on  the  surfiu^e  retain, 
ing  Uttle  of  tne  sum.  Nor  does  the  admix- 
ture of  the  preceding  more  soluble  gums  pro- 
mote  its  union  with  the  water,  or  render  its 
diisolution  more  durable:  when  gum-traga- 
canth and  gum-arabic  are  dissolved  together 
in  water,  the  tragacanth  seems  to  separate 
from  the  mixture  more  speedily  than  when 
dissolved  by  itself. 

Tragacanth  is  usually  preferred  to  the  other 
gums  for  making  up  troches,  and  other  like 
purposes,  snd  is  supposed  likewise  to  be  the 
most  dl^tual  as  a  medicine;  but  on  account 
of  itt  inoperfeet  solubility,  is  unfit  for  liquid 
fiarms.  It  is  commonly  given  in  powder  with 
the  additkm  of  other  mittfrials  of  similar  in- 
tention ;  thus,  to  one  part  of  gum-tragacanth 
are  added  one  of  gum-arabic,  one  of  starch, 
and  rix  of  sugar.    See  Cekasik. 

According  to  Buchdz,  gum-tragacanth  is 
composed  of  67  parts  of  a  noatter  similar  to 
gum-arabic,  and  43  parts  of  a  peculiar  sub- 
stance, capable  of  swelling  in  cold  water 
without  dissolving,  and  assuming  the  appear- 
ance of  a  diidt  jelly.  It  is  soluble  in  boiling 
water,  and  then  forms  a  mudlsginous  solu- 
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TRAP  FORMATIONS 

PHmUive  trap.  The  name  tnp  k  deiiTed 
from  the  Swediih  word  trappa^  •  stair.  Wer- 
ner undentands  by  trap,  rocka  priDdpaHy 
characterized  by  the  presence  of  hornblende, 
and  bUu;k  iron  clay.  Hence  all  rocks  occur- 
ring in  the  prlmitiye  dass,  having  hornblende 
as  a  characteristic,  or  predominating  ingredient, 
bdong  to  the  primUive  trap  formation.  The 
fo]k>wing  table  from  Professor  Jameson  ex- 
hibits the  rocks  of  this  formation. 

1.  Common  hornblende  rock. 

a.  Granular  hornblende  rock. 
5.  Hornblende  slate. 

2.  Hornblende  mixed  with  felspar. 

0.  Greenstone. 

a.  Common  greeostone. 

/S.  Porphyritic  greenstone. 

y.  Greenstone  porphyry. 

I.  Green  poiphyiy. 
&  Greeostone  slate. 

3.  HomUeode  mixed  with  mica. 
Transition  trap.     It  contains  ^^enstone 

and  amygdaloid. 

The  newettjloetz-irap  contains  several  rocks 
which  are  peculiar  to  it,  and  others  that  occur 
in  other  floetz  formations.  The  peculiar  or 
characteristic  rodu  are,  basalt,  wacke,  gray~ 
ttone^  porphyry-^ate^  and  traptufE  These, 
and  idso  greenstone,  are  often  called  whinatone 
by  minenlogists. 

TRAP-TUFF.  It  is  composed  of  masses 
of  basalt,  amygdaloid,  hornblende  rock,  sand- 
stone, and  even  pieces  of  wood  (as  in  the  idand 
of  Conna)  cemented  tt^gether  by  a  rather  loose 
spongy  clayey  baais,  wiiich  has  been  formed 
from  decomposed  basalt  or  wacke  rock.  The 
masses  vary  much  in  size,  from  that  of  a  pea, 
to  several  hundred  weight.  It  occurs  in  beds, 
which  are  from  a  few  inches  to  several  fathoms 
thick.  A  considerable  portion  of  Arthur's 
Seat,  near  Edinburgh,  is  composed  of  this 
tock :  there  it  rests  on  inclined  strata  which 
belong  to  the  oldest  coal  formation.  It  occurs 
also  in  Mull,  and  many  other  places  in  Soot- 
land. 

TRAUMATE.  The  name  given  by  the 
French  geologists  to  graywacke. 

TREMOLITE.  This  sub-species  i^ 
straight-edged  augite  is  divided  into  three 
kinds ;  the  asbestous,  common,  and  glassy. 

1.  Asbestous  trcmoiite.  Colour  grayish* 
white.  Massive,  and  in  fibrotis  concretions. 
Shining,  pearly.  Fragments  splintery.  Trans- 
lucent  on  the  edges.  Rather  eadly  frangible. 
Soft.  Rather  sectile.  When  struck  gently, 
or  rubbed  in  the  dark,  it  emits  a  pale  reddish 
light ;  when  pounded  and  thrown  on  coals,  a 
greenish  light.  Before  the  blowpipe,  it  mdts 
hito  a  white  opaque  mass.  It  occurs  most 
frequently  in  granular  foliated  Hmestune,  or 
in  dolomite.  It  is  found  in  the  former  in 
Glentiltaod  Gleneh^;  in  the  latter,  in  Aber- 
deenshire and  leolmldll ;  and  in  basalt  in  the 
Castle  rock  of  Edinbuigh. 


3.  Common  tremolUt'  Coloarwidtou 
rive,  in  distinct  prisnuitic  concretidns,  aad 
crystallized  in  a  very  oblique  fbur-nded  prbn, 
truncated  or  bevelled  on  the  lateral  edges;  in 
an  extremely  oblique  four-sided  priam,  pedect 
or  variously  modified  by  bevebnent  or  traa- 
cation.  The  lateral  pUnes  are  loogitodinally 
streaked.  Yitxeous  or  nearly.  Cleavage 
double  oblique  angular,  of  124*  MK  and  55* 
6(K.  Fracture  uneven  or  eonrhnidal  ^aas- 
lucent  As  hard  as  bambkode.  Rather 
brittle.  Sp.  gr.  2*9  to  3-2.  It  mdls  vidi 
much  difficulty  and  ebulfitioD  Into  an  opaqve 
glass.  Its  constituents  are,  siliea  80,  mag. 
neda  25,  lime  18,  carbonic  add  and  water  & 
'^Laugier,    It  occurs  with  the  fHetediiig. 

Z.  Glassy  tremolite.  Colour  grayiali,  gteos- 
ish,  yeUowish,  and  reddish-white.  Maadve, 
in  distinct  concretions,  and  freqncofly  cxyv 
taUized  in  long  adcolar  cmtala.  ^Wwrng^ 
between  vitreous  ahd  peDiy.  TVandiioeDC 
As  hard  as  hornblende.     Veiy  loieAe.     S^ 

§r.  2-863.  It  is  phosphuresoent  ha  a  kvw 
egree.  Invisible.  Its  constitnents  arc,  silicB 
95-6,  lime  26-5,  magnesia  16-5,  water  mrA 
carbonic  add  23. — Langkr,  It  occurs  with 
the  preceding.— Jiam^sDfi. 

TRIPHANE.    See  SpoDtmifE. 

TRIPOLI.  Colour  ydlowish.gray.  Mm- 
sive.  Fracture  fineor  coarse  earthy.  Opaqoe. 
Soft  Rather  easOy  frangible.  Meagrei  Boa 
not  adhere  to  the  tongue.  Sp.  gr.  2-2.  In- 
ftoible.  Its  constituents  are,  ulica  91,  alu- 
mina 1*5,  oxide  of  iron  8,  sulphuric  add  3-45, 
water  4-5&— JBaeftoIr.  Of  the  roitemstone^ 
silica  4,  alumina  88,  carbon  10. — PkURps. 
It  occurs  in  beds  in  eoid-fidds,  with  seeoDdary 
limestone,  and  under  basalt.  It  is  fband  at 
Bakewell,  in  Derbyshire,  where  it  !b  ca&d 
rottenstone.  It  is  used  for  ^MiilBditii|g^  sloties^ 
metals,  and  ghuses.  The  tripoH  of  Coifd  is 
reckoned  the  most  valuable. 

TRONA.  The  name  given  in  Africa  to 
the  native  carbonate  of  soda,  found  at  Snkma, 
near  Feoan.  * 

TUBE  OF  SAFETF.  A  tote  open  at 
both  ends,  inserted  into  a  reodvcr,  the  opps 
end  communicating  widi  Aeeztenial  air,  and 
the  lower  being  hnmersed  in  wata.  Its  io- 
tention  is  to  prevent  injary  frtmi  too  suddes 
condensation  or  rarefaction  taking  place  dur- 
ing an  operation.  For,  if  a  vacuum  be  pro- 
duced within  the  vessels,  the  external  air  wffl 
enter  through  the  tube :  and  if  air  be  gene* 
rated,  the  water  will  yidd  to  the  piessme, 
being  forced  up  the  tube.  Thus,  too,  die 
height  of  the  water  in  lihe  tube  indicates  the 
d^ree  of  pxcssnre  from  Ae  e^finM  gas  or 
gases.  See  PI.  VII.  fig.  3.  IL  It  fa  now 
more  frequently  used  in  a  curved  fbnn,  ik 
fig.  ]. ;  and  is  commonlrcalled  a  Wdta'stnbe: 

TUFACEOUS  LIMESTONE,  or  CALC 
TUFF.     See  Lihestoite. 
TUMITE.    See  THirMMERSTOinc 
TUNGSTEN.  SeeOuea  or  Tmrasrsir. 
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TUNG6TENUM. 


lug  heavy  jstone,  was  glyen 


ig  Heavy  jstone,  was  given  by  the  iSweSes  to 
minenl,  which  Scbeele  found  to  contain  a 
peculiar  metal,  as  he  supponed,  in  the  state  of 
an  acid,  united  with  fime.  The  same  metallic 
sobatanoe  was  afterwards  found  by  the  Don 
d*dfauTarts  united  with  iron  and  manganese 
in  wolfram* 

Fraan  the  first  of  these  the  oxide  may  be 
obtained  l^  digesting  iu  powder  in  tfarioe  its 
wei^t  of  nitric  add;  washing  the  yellow 
powder  that  remains,  and  digesting  it  io  am. 
monla,  by  whidi  a  portkm  of  it  is  diisolved. 
These  alternate  digestions  are  to  be  repeated, 
and  the  tungstic  oxide  precipitated  ftom  die 
anmumiaeal  solutiomi  by  nitric  acid.  The 
pcec^itate  Is  to  be  washed  with  water,  and 
exposed  to  a  moderate  heat,  to  expel  any  am- 
nxmia  that  may  adhere  to  it.  Or  the  mixture 
may  be  evaporated  to  a  drv  mass,  which  is  to 
be  calcined  under  a  muffle,  to  dissipate  the 
aitiate  of  ammonia.  From  wolfram  it  may 
be  obtained  by  Ae  same  process,  after  the 
iion  and  manganese  have  been  dissolved  by 
muriatic  acid. 

The  Spanish  chemists  reduced  the  oxide 
of  tangfttep  to  the  metallic  state,  by  exposiM 
it,moi8taied  with  oa,in  acrudble  Imedwith 
duoeoalyto  an  intense  heat.  Aftertwo hours 
a  piece  of  metal  wei^iins  40  grains,  butdighdy 
aggtutinated,  was  found  at  the  bottom  of  the 
crucible.  Some  have  attempted  itsieducdon 
in  Tain,  but  Ghiyton,  Ruprecht,  and  Messrs. 
Aildn  and  Allen,  have  been  more  successful. 
The  latter  gentlemen  produced  it  from  the  am- 
numiuiet  From  240  grains  of  this  substance, 
in  Bcicnlar  crystals,  exposed  for  two*  hours 
to  a  powerftd  wind-ftunaoe,  in  a  crucible 
lined  with  dkaraoal,  they  obtamed  a  s%htfy 
cohering  mass  of  roundish  grains,  about  the 
•ize  of  a  pin's  head,  with  a  very  brilliant 
metallic  lustre,  and  weighing  in  the  whole  161 
gnlns. 

Tungsten  is  said  to  be  of  a  grayish-white 
or  iron  colour,  with  oonsidemble  brilliancy,  very 
hard  and  brittle.  Its  specific  gravity  Don 
d'ElhuTsrts  found  to  be  1 7*6 ;  Messrs.  Aiken 
and  Allen,  above  17-22. 

There  are  two  oxides  of  tungstenum,  the 
brown,  and  the  yellow  or  tungstic  add. 

The  brown  oxide  is  formed  by  traosmittinff 
hydrogen  gas  over  tungstic  add,  in  an  ignited 
ghns  tube*  It  has  a  flea-brown  colour,  and 
when  heated  in  the  air,  it  takes  fire  and  bums 
like  tinder,  passhig  into  tungttk  acid;  which 
see. 

The  brown  oxide  consists  of 
Tungstenum,  100 
Oxygen,  16-0.— B^aeL 

Hence,  if  we  regard  it  as  composed  of  2 
primes  oxygen  +  1  metal,  its  composition 
will  be 

Tungstenum,    12.06  100 

Oxvgen,  2-00  1641 

Hence  the  acid  prime  oag^  pvobsbly  to  be 


1206  +  3  =1  ]6H»  or  16;  and  that  of  the 
metal  12. 

But  from  Berseliu8*s  experiments,  tuogstate 
of  lime  seems  to  consist  of 

Tungstic  add,  100  14-80 

Lime,  2412  3-60 

The  difierenoe  hideed  is  not  great. 

Sir  H.  Davy  found  that  tungsteuum  bums 
with  a  deep  red  light,  when  heated  in  chlorine,^ 
and  forms  an  orange-coloured  volatile  sub- 
stance, wkiich  affords  the  yellow  oxide  of  tungs- 
tenum, and  muriatic  aod,  when  decompoud 
by  water. 

Scheele  supposed  the  white  powder  obtahied 
by  digesting  the  ore  in  an  add,  adding  am. 
monia  to  the  residuum,  and  neutralizing  it  by 
nitric  add,  to  be  pure  add  of  tungsten.  In  ' 
foct  it  has  a  sour  taste,  reddens  litmus,  forms 
neutral  crystallizable  salts  with  alkalis,  sod  is 
soluble  in  20  parts  of  boiling  water.  It  ap- 
pears however  to  be  a  triple  ult,  composed  of 
nitric  add,  ammonia,  ana  oxide  of  tungsten ; 
ftom  whidi  the  oxide  may  be  obtained  in  a 
yellow  powder,  by  boiliDg  with  a  pure  con- 
centrated add.  In  this  state  it  contains  about 
20  per  cent,  of  oxygen ;  part  of  which  may 
be  expelled  by  a  red  heat,  when  it  assumes  a 
green  colour. 

Tungsten  is  insoluble  in  the  adds ;  and  its 
oxide  is  nearly  the  same.  It  appears  to  be 
capable  of  unidng  with  most  other  metals, 
but  not  with  sulphur.  Chxyton  found  that 
the  oxide  gives  great  permanence  to  Y^etaUe 
colours. 

M.  Wohler  has  written  a  memoir  on  tungs- 
ten and  its  oombinadons  in  the  Annalet  de 
CfUmie^  xxix.  43.  Oxide  of  tungsten  inflames 
in  the  air,  and  becomes  tungstic  add.  100  of 
die  former  absorb  8  of  oxygen ;  while  100  of 
metallic  tungsten  absorb  26  in  becoming 
tungsdcadd.  M.  Wohler  describes  3  dikrides 
of  tungsten. 

TUNGSTEN  op  BASTNAS,or  FALSE 
TUNGSTEN.    See  Cejlivu. 

TURBETH  MlNERAIi.  TeUow  sub- 
dentosulphate  of  mercury. 

TURNSOLE.  Ueliotropium.  See  Ar- 
chil. 

TURKEY  STONE.  C!os  Turdca.  See 
Whetslatb. 

TURMERIC  (terra  merUa)^  curcuma 
longa^  is  a  root  brought  to  us  from  the  East 
Inmes.  BerthoUet  had  an  opportunity  of  ex- 
amining some  turmeric  that  came  from  To- 
bago, which  was  superior  to  that  which  is  met 
with  in  oommeroe,  both  in  the  size  of  rooU 
and  the  abundance  of  the  colouring  particles. 
This  substance  is  very  ridi  in  colour,  and  there 
is  no  other  which  gives  a  yellow  colour  of  such 
brightness;  butit  possesses  no  durability,  nor 
can  mordants  ffive  it  a  sufficient  desree.  Com- 
mon  salt  and  sal  anmioniae  are  those  which 
fix  the  colour  best,  but  tliey  render  it  deeper 
and  make  it  incHne  to  brown :  some  recom- 
mend A  small  quantity  of  nnuiatie  acid.    The 
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root  must  be  ledooed  to  powder  to  be  fit  for 
use.  It  is  tometiines  employed  toglye'tbe 
yellows  made  with  weld  a  gold  cut,  tod  to 
giye  an  orange  tinge  to  scsr^ ;  but  the  shade 
the  turmeric  imparts  soon  disappears  in  the 
air. 

Mr.  OucUiche  gives  two  processes  for  fix* 
ing  the  odour  of  turmeric  oa  silk.  The  first 
consists  in  aluming  in  the  odd  for  twelve 
boon  a  pound  of  silk  in  a  solution  of  two 
ounces  of  alum,  and  dyeing  it  hot,  but  with- 
out boiling,  in  a  badi  composed  of  two  ounces 
of  turmeric  and  a  quart  (measure)  of  aeelo- 
cttric  add,  mixed  with  three  quarts  of  water. 
Ttk9  second  process  omsists  in  extracting  the 
colouring  particles  from  the  tuimcric  by  aoeto- 
citric  wSd^  in  die  way  described  fat  Braal 
wood,  and  in  dyeing  the  silk  alumed  as  already 
mentioned  in  this  liquor,  eithar  cold  or  only 
modemtely  wann.  The  cobur  is  rendered 
more  durable  by  this  than  by  the  former  pro- 
cess. The  first  parcel  immeraed  acquires  a 
gold  yellow;  the  colour  of  the  second  and 
thin)  parcels  is  lighter,  but  of  the  same  kind; 
that  of  the  fourth  is  a  straw  colour.  Mr. 
Guchlidie  employs  the  same  process  to  extract 
fine  and  durable  ookMirs  from  fustic,  broom, 
and  FVench  berries;  he  prepares  the  wool  by 
a  slight  ahiming,  to  which  he  adds  a  little 
muriatic  acid.  He  seems  to  content  himself 
in  these  cases  with -vinegar  or  some  other  ve- 
getable add,  instead  of  his  aoeto-dtric  add, 
for  the  extraction  of  the  colour ;  he  directs  that 
a  very  small  quantity  of  sdution  of  tin  shoukl 
be  put  mto  the  dye-bath. 

TURNERITE.  A  rare  mineral  in  small 
crystals  of  a  yellowish-brown,  or  brownish- 
3rd]ow.«ilottr.  Brilliant.  Primary  form  an 
oblique  rhombic  prism.  Scratdies  floor,  but 
yiel(!te  to  the  knife.  Powder  grayish-whiter 
It  contains  alumina,  lime,  magnesia,  and  a  very 
little  iron.  It  has  been  found  only  on  Mount 
Sorel  in  Dauphiny. 

TURPENTINE  is  a  resinous  juice  ex- 
traeted  from  several  trees.  Sixteen  ounces  of 
Venice  turpentine,  being  distilled  with  watei^ 
yielded  four  ounces  md  three  drachms  of 
essential  oil ;  and  the  same  quantity,  <^m^lNI 
without  water,  yielded  with  the  heat  (Mfa  water- 
batli,  two  ounces  only.  When  turpentine  is 
distiUed  or  boiled  with  water  tiU  it  becomes 
solid,  it  appears  yellowish ;  when  the  prooea 
is  fitrther  continued,  it  acquires  a  reddish- 
brown  cokmr.  On  distilling  sixteen  ounces 
in  a  retort  with  an  open  fire,  increased  by  de- 
grees, Neumann  obtained,  first,  four  ounces 
of  a  limpid  cdouriess  oil ;  then  two  ounces 
and  a  drachm  of  a  dark  brownish-red  em- 
pyreumatic  oil,  of  the  consistence  of  a  bal- 
sam, and  commonly  distinguished   by  that 


The  essential  oil,  commonly  called  spirit  of 
turpentine,  cannot  without  singuUu-  difficulty 
be  dissolred  in  akohol,  though  turpentine  ttsdf 
is-eaoly  soluble  in  that  spirit     One  part  of 


the  oil  may  be  dissolved  in  aevoi 
alcohol ;  but  on  standing  a  whUe,  the  ]^ 
part  of  the  oil  separaies  and    fiJU  to  ikr 

TURQUOI8  (MINERAL),  om  CA. 
liAITB.  Cokmrs  smalt-Uue  and  a|ipie- 
green.  Massive,  diwmrinstrd|  and  inutaiiwB. 
DulL  Fracture  conchoidal  or  uneven.  Opaque. 
Harder  than  felspar,  but  waka  timn  qvaflz. 
Streak  white.  Sp.  gt.  2*96  to  S-O.  Ita  esn. 
stituents  are,  ahimina  73>  oxide  of  copper  4-S, 
water  18,  oxide  of  iron  4.^ — Jekm.  Itoeens 
in  veins  in  day-hoosteocw  and  in  smdl  |aeea 
in  alluvial  day.  It  has  been  finiDd  o^  Is 
the  oeigfabooriiood  of  Nichabour  in  the  Eba- 
nsian,  in  Perda.  It  is  vc^  highly  pnaed  ai 
an  omamcntd  stone  in  Peida,  aod  tae  pqgh- 
bouring  countries.  Malchiir!  yields  a  gnsn 
streak,  but  that  of  cslaite  is  white.  Bmmetmr- 
fttoisis  pbocphateof  Ume,  ookmnd  wiih  oside 
of  copper* 

^'UTENAO.  This  name  is  givca  in 
India  to  the  metal  dne.  It  is  aomrfnes  sp- 
plied  to  denote  a  white  metallic  cfflwipouiid, 
brought  from  China,  called  also  CMmem  ay- 
per,  the  art  of  making  wiiidiis  not  kmnni  ia 
Europe.  It  is  reiy  tough,  strong,  maBrahie, 
may  be  easily  cast,  hammered,  and  polidicd; 
and  the  better  kinds  of  it,  when  wdi  atsHi. 
fiictured,  are  very  white,  and  not  more  dis- 
posed  to  tarnish  than  sUver  is.  Time  In- 
gredients  of  this  compound  may  be  discievmd 
by  analysis ;  namdy,  copper,  sine,  and  iroa. 

Some  of  the  Chinese  wiute  copper  is  said  to 
be  merely  copper  and  arsenic 

TYPE  METAL.    The  basis  of  ^^  me. 
tal  for  printers  is  lead,  and  ihe  ptindpA  arti- 
de  used  in  communicating  haidaeas  is  anti- 
mony,  to  whidi  copper  and  brass  in  »Biiiwn 
proportions  are  added.    The  prapertiss  of  a 
good  type  metal  are,  that  it  should  nm  freely 
into  the  mould,  and  possess  hardness  wUwat 
being  excesdvdy  brittle.    The  smaQer  Ictten 
are  made  of  a  harder  composition  than  those 
of  a  larger  siae.     It  does  not  appear  that  our 
type-founders  arein  poespssinn  of  agood  csra- 
position  for  this  purpose.    The  pdndpal  de. 
mot  of  their  compositioa  appesrs  to  be,  that 
the  metals  do  not  uniformly  unites    Inapiece 
of  casting  performed  at  one  of  oar  ptindpal 
founderies,  the  thickness  of  whidi  was  two 
indies,  I  found  one  dde  hard  and  britde  when 
scraped,  and  the  other  side,  consisting  of  oeariy 
half  the  piece,  was  sofr  like  lead.    Thetrsn- 
dtion  from  8<^  to  hard  wassadden, not  gra- 
dual.    If  a  pared  of  letter  of  the  same  sisesnd 
casting  be  examined,  some  of  themars  hrittis 
and  hard,  and  resiit  the  knife,  but  others  may 
be  bent  and  cut  into  shavings.    It  may  essHy 
be  imagined,  that  the  duratioB  and  ncsttuas 
of  these  types  must  considerably  vary.     I 
have  been  informed,  but  do  not  know  the 
fiKrt  from  trial,  that  the  types  cast  in  Scot- 
land are  harder  and  more  qnifo«w»  in  ihar 
qualities.*- Aioftolfoa. 
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ULMIN.  Tbii  name  hM  been  given  to  a 
very  angular  mlietaiioe  latse^  examined  by 
Klaproth.  It  differi  eueatially  from  every 
other  known  body,  and  most  therefore  oontti- 
tute  a  new  and  peculiar  vegetable  principle. 
It  «znded  qpontaneoaaly  from  the  trunk  of  a 
apeciea  of  ebn,  which  Klaproth  eonjectuiea 
to  be  the  ubnut  migroj  and  was  sent  to  him 
from  Palenno  in  1803. 

1.  In  its  eztemal  cbazaeten  it  leMmbles 
gum..  It  was  solid,  hard,  of  a  Uack  oodUnir, 
•ad  bad  considerable  hutre.  Its  powder  was 
brown*  It  dissolTed  readily  in  the  mouth,  and 
waaiDsipid. 

2.  It  dissolyed  speedily  in  a  small  quantity 
of  water.  The  solution  was  tzanspsrent,  of  a 
blackish-bfown  colour,  and,  even  when  very 
much  concentrated  by  evaporation,  was  not  in 
the  least  mwcilagfiinns  or  ropy;  nor  did  it 
answer  as  a  paste.  In  this  respect  ulmindiffos 
essentially  £rom  gum. 

3.  It  was  completely  insoluble  both  in  aL. 
oohol  and  ether.  Whenakohol  was  poured  mto 
the  aqueous  solution,  the  greater  part  of  the 
ulmin  precipitated  m  li^t  brown  flakes.  The 
remainder  was  obtained  by  evaporation,  and 
was  not  sensibly  soluble  in  aloohoL  Thealoo- 
hoi  by  this  treatment  acquired  a  sharpish  taste. 

4.  When  a  few  drops  of  nitric  add  were 
added  to  the  aqoeoos  solution,  it  became  ge- 
latinous, lost  its  Uackish-brown  colour,  and 
a  light  blown  substance  predpiUted.  The 
whole  solution  was  slowly  evaporated  to  dry. 
nesSy  and  the  reddish-brown  powder  which  re* 
mained  was  (seated  with  aloohoL  The  alcohol 
assumed  a  golden-ydlow  colour ;  and,  when 
evaporated,  left  a  light  brown,  bitter,  and  shazp 


6»  Ozymiiriatic  add  produced  precisely 
the  same  effisca  as  nitric.  Thus  it  appears 
that  ohnin,  by  the  addition  of  a  little  cixy» 
gen,  is  convoted  into  a  resinous  substances 
In  this  new  state  it  is  insoluble  in  water. 
This  property  is  very  singulsr.  Hitherto 
the  vodatfle  oils  were  the  only  substances 
Imown  to  assume  the  tann  of  resuis.  That 
a  substance  soluble  in  water  should  assume 
the  resinous  ten  with  such  fiicQity,  is  very 
remaricable.   ' 

6.  Ulmin  when  bunt  emitted  little  smoke 
or  Bsme,  and  left  a  spongy  but  firm  diar- 
coal,  which,  when  burnt  in  the  open  afr, 
left  only  a  little  carbonate  of  potash  behind. 

Sudi  are  the  properties  of  this  curious  sub* 
>tance,  as  far  as  they  have  been  fnamined  by 
Klaproth. 

M.  Dobereiner  says  that  galHc  add  is  con* 
vertibb  into  ufanin,  by  combining  the  add 
vith  ammonia,  and  exposing  the  compound  to 
aygen— ilna.  de  CMm.  zxiv.  36S. 


ULTRAMARINE.  SeeAzuRB-STONE. 

UMBER.    See  Obes  of  Irok. 

URANOLIMMER.  An  oro  of  ura- 
nium, formeriy  called  green  mkoj  and  by 
Werner  chaleolUe,  8w  the  following  ar- 
tide. 

URANITE,  OR  URANIUM.  A  new 
metallic  substance,  discovered  by  the  cele- 
brated Klaproth,  in  the  mhieral  called  Pech~ 
blende.  In  this  it  is  in  the  sUte  of  sulphuret 
But  it  likewise  occurs  as  an  oxide  in  the 
green  mica,  or  urang^mer,  and  in  the  ura- 
nocbie. 

By  treating  the  ores  of  the  metal  with 
the  nitric  or  idtro-muriatic  add,  the  oxide 
will  be  dissolved;  and  may  be  predpitated 
by  the  addition  of  a  caustic  alkali.  It  is  in. 
soluble  in  water,  and  of  a  yellow  colour; 
but  a  strong  hett  renders  it  of  a  brownish.. 

g»y- 

To  obtain  it  pure,  the  ore  should  be  treated 
with  nitric  add,  the  solution  evaporated  to 
dryness,  and  the  residuum  heated,  so  as  to 
render  any  iron  it  may  contain  insoluble.  This 
being  treated  with  distilled  water,  ammonia  is 
to  be  poured  into  the  solution,  and  digested 
with  it  for  some  time,  wliich  will-predpitate 
the  uranium  and  retain  the  co)»per.  The  pre- 
dpitate,  wdl  washed  with  ammonia,  is  to  be  dis- 
solved hi  nitric  add,  and  crystallised.  The  green 
crystsls,  dried  on  blotting  paper,  are  to  be  dis- 
solved in  water,  and  recrystallized,  so  as  to 
get  rid  of  the  lime.  Lastly,  the  nitrate,  being 
exposed  to  a  red  heat,  will  be  converted  into 
the  yellow  oxide  of  uranium. 

It  is  very  difficult  of  reduction.  Fifty 
grains,  after  being  ignited,  were  formed  into  a 
ball  with  wax,  and  exposed,  in  a  wdl  dosed 
duucoal  cmdUe,  to  the  most  vdiement  heat 
of  a  porodain  ftonaoe,  the  intenrity  of  whidi 
gave  170*  on  Wedgewood's  pyrometer.  Thus 
a  metallic  button  was  obtuned,  weigfahig  28 
srsinsi  of  a  daik^^ray  colour,  hard,  firmly  oo^ 
hering,  fine  grained,  of  very  minute  pores,  and 
externally  guttering.  On  fiUng  it,  or  rubbhig 
it  with  anoUier  hard  body,  the  metallic  lustre 
has  sn  iron-gray  colour;  but  in  less  perfi^ 
essays  it  verges  to  a  brown.  Its  spedfie 
navity  was  8*1.  BucholB,  however,  obtained 
it  as  Ugb  as  9.0. 

There  sre  probably  but  two  oxides  of  ura. 
nnm;  the  protoxide,  whidi  is  grayish-black'; 
and  the  peroxide,  which  is  ydlow. 

When  ursnium  is  heated  to  redness  in  an 
open  vessel,  it  gbwB  like  a  live  coal,  and  passes 
into  the  prottoide,  which,  fieom  the  experi- 
ments of  SdioUbert,  oonnsts  of 

Uranium,      100  15*7 

Oxygen,    &373  1-0 

Thepredpitate  thrown  down  by  potash  Aan 
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thenilntoiohttionlt  called  As  ytfOow  ooMr. 

It  CODSistB  of 

Uranium,       100         31-4  =2  primes 
OxTgen,       9.369  30  =  3 

It  19  ffeneraSy  stated,  upon  the  Mitfaority 
of  BuchSs  and  SdioUbot,  that  there  arc  tvo 
oxides  of  uranium ;  but  the  following  expe- 
ziments  appear  to  render  this  opinion  yaj 
doubtfoL 

A  quantitj  of  oxSde  of  uzaniom  was  pre- 
nared,  as  nsoalf  from  the  native  oxide  (pecfa- 
nlende),  and  conTerted  into  nitrate^  by  solu. 
don  in  nitric  add  and  crystalliiation.  The 
crystals  were  dissolved  in  water,  and  were 
found  still  slightly  oontaminated  by  copper; 
their  solution  was  therefore  decomposed  by 
excess  of  anomonia,  and  the  predintated  oxide 
diffested  in  liquid  ammonia,  until  all  traces 
ofoopper  were  removed :  it  was  then  washed, 
and  dried  in  a  veiy  moderate  heat,  and  was 
considered  as  a  pure  hydmted  peroxide  of 


But  this  BumMsed  peroxide  dissolved  very 
resdily  in  muriatic  acid,  without  the  slightest 
evolution  of  chlorine,  though  there  was  some 
effervescence  arising  ihxn  me  extrication  of  a 
small  portion  of  carbonic  add  gas.  Moreover, 
the  above  hydrated  oxide,  when  heated  to  daB 
redness  in  a  glass  tube,  only  lost  water  and  a 
little  carbonic  add ;  it  lost  no  oxvgen,  but  be- 
came black  and  cohesive,  diminishing  exceed- 
ingly in  bulk.  A  portion  heated  to  bright 
redness  in  a  platinum  crodble,  underwent 
nearly  the  same  chsnges,  contracting  into  a 
dark  purplish  mass,  which,  however,  when 
triturated  into  an  impalpable  powder  in  an 
agate  mortar,  assumed  a  dingy  ydlow.brown 
tint  In  this  state  the  oxide  of  uranium  ap- 
pears only  to  lose  water  and  a  small  portion  of 
carbonic  add,  accidentally  contracted  during 
Its  predpitation  and  drying,  and  not  to  have 
altoed  its  state  of  oxidation,  for  it  remains,  as 
before,  perfectly  soluble  in  muriatic  and  nitric 
adds,  evdlving  no  gas,  and  forming  salts  in 
no  respect  di&ing  from  those  produced  with 
the  hydrated  oxides  recently  thrown  down 
ftom  the  nitrate. 

M  grs.  of  the  yellow  hydrated  oxide  of  ura- 
nium, dried  at  212^  and  afterwards  exposed 
under  the  exhausted  reodver,  including  a  sur- 
foce  of  sulphuric  add,  till  it  no  longer  lost 
wdght,  were  exposed  to  a  white  heat,  in  aphu 
tinum  aipsule.  The  loss,  upon  an  average  of 
three  trisls,  amounted  to  6  grains,  so  that  the 
composition  of  the  hydrated  oxide  of  nn- 
niumifr.. 

88  oxide 
12  water 

100 
and»  assuming  this  hydrate  to  consist  of  1 
proportional  of  water  and  1  of  oxide,  the 
prime  equivalent  of  oxide  of  uranium  will  be 
66,  that  of  water  being  9;  and  58  will  be  the 
equivalent  of  uranium,  if  the  above  oxide  be 


a  coDfionnd  of  I  peoportkoal  of  metal  and  1 

of  oxygen. 

II.  Oxide  of  uranium  dissolves  easily  and 
entirdy  in  muriatic  add,  and  the  sokiiian 
afibrds,  on  evapoiation,  very  deliqueseEDt 
prismatic  crystals,  of  an  olive>.green  oobur: 
if  these  be  mried  by  beat,  they  saficr  deoom. 
position;  but  when  dried  in  the  frhanstied 
recdver,  by  sulphuric  add,  idaej  crumbled 
down  into  a  dirty  green  powder,  whkfa  is  ex- 
iremdy  deliquescent.  To  ascertain  the  ooia. 
podtion  of  this  salt,  a  nortioB  of  the  neutia] 
muriate  was  decomposed  by  caustic  aimnnnia, 
and  the  predpitated  oxide,  dried,  ignited,  and 
weighed,  amounted  to  112  grains.  The  fil- 
tered ammonio-muriatic  solution  was  rendered 
slightly  add  by  nitricadd,  and  predpitated  by 
nitrate  of  silver;  it  afibided  149-8  grains  of 
chloride  of  silver,  equal  to  38  grains  of  mu- 
riatic add.  Here,  therefore,  the  mtutiste  of 
uranium  appears  to  consist  of — 

Oxide  of  uranium,    112  100 

Muriatic  add,  38  34 

Assuming  this  muriate  to  oonaist  of  I  pro- 

portional  or  muriatic  add  =  37.  and  1  of 

oxide  of  uranium,  the  equivalent  of  the  latta 

will  be  109,  and  that  of  the  metal  101. 

III.  The  recently  predpitated  oxide  of  ura- 
nium very  readily  dissolves  in  nitric  add,  and, 
by  carefbl  evaporation,  fixmishes  tnmcated 
prismatic  crystals  of  a  peculiar  itideaoent  ap- 
pearance, a  bTDwniflfa-jrdlow  colour,  and  doi- 
quescent  A  portion  of  these  crystals  exposed 
under  the  exhausted  reodver  containing  sul- 
phuric add,  effloresced  into  a  ydlow  pcnrder, 
winch  was  retained  in  vacuo  tiH  it  cewed  to 
lose  weight;  60  grains  were  then  submitted  to 
a  red  heat,  in  a  platinum  amsule,  and  36-4 
grains  of  oxide  remained.  If^  diaefore,  we 
regard  the  above  salt  as  a  dry  nitisfte,  it  will 
consist  of 

36-4  oxide  of  uranium  =:  60-7 
23-6  nitric  add  =  39-3 

100 

and,  if  considered  as  a  compound  of  1  pro- 
portional  of  nitric  add,  and  1  of  oxide  of  ura- 
nium, the  number  84  will  represent  the  oxide, 
and  76  the  metal ;  but  we  can  put  no  further 
reliance  in  the  above  numbers  tnan  as  showing 
the  quantit}^  of  oxide  in  the  nitrate,  dried  as 
above  described,  for  it  is  probable  that  in  that 
state  the  salt  still  retains  a  portion  of  water, 
which  would  vitiate  the  above  estimate. 

IV.  When  recently  predpitated  oxide  of 
uranium  is  digested  in  sulphuric  add,  dUnted 
with  4  or  5  parts  of  water,  a  aolutiaD  of  a 
green  cobur  is  obtained,  which  has  an  asttia- 
gent  aluminous  taste,  and  is  neutral;  but, 
when  evaporated,  it  dqiosits  snooesdve  crusts 
of  a  difficultly  soluble  green  sslt,  probably  a 
subsnlphate  of  uranium,  and  die  supernatant 
liquor  beconuB  add,  but  cannot  be  made  to 
caTstaOiBe. 

Dilute  sulfuric  add  was  d^esled  aqpon 
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moist  oxldo  of  nrapfain^  untQ  ft  ptsfttxty 
neutral  soluticm  was  obtidned.  A  portfoD  of 
this  solution  was  decomposed  by  caustic  bol. 
monia,  and  the  precipitated  oxide,  duly  washed 
and  ignited,  weighed  62  grates.  The  solution 
from  whidi  the  above  62  grains  of  oxide  had 
been  tlurown  down  was  neutralized  by  sitric 
acid,  and  precipitated  by  muriate  of  baryta. 
It  yielded  85  grains  of  dry  sulphate  of  baryta, 
whidi  is  equi^ent  to  22  grams  of  sulphuric 
acid :  here,  therefore,  It  would  appear  that  dry 
aulphate  of  uranhim  consists  of 

62  oxide  =:  68*1 

29  add        81*9 

.91  too 

and,  assumiiu;  40  as  fhe  prune  equiralent  of 
sulphuric  add,  that  of  oxide  of  uranium  will 
be  85-6,  and  of  &e  metal  77*0 ;  &  number  not 
very  di^ent  firom  that  obtained  by  the  ana- 
lysis of  the  nitrate. 

V»  When  solution  of  nitrate  of  uranium 
la  decomposed  by  carbonate  of  ammonia,  a 
very  slight  excess  of  the  latter  dissolves  a  con- 
siderable portion  of  the  predpitate,  and  which, 
when  collected  and  dried,  appears  to  retain  the 
carbonic  acid  very  feebly,  and  not  to  be  of 
uniform  composition,  but  a  mixture  of  oxide 
and  carbonate.  In  several  experiments,  in 
which  the  supposed  carbonate  of  uranium  was 
decomposed  by  muriatic  add  over  mercury, 
the  proportion  of  carbonic  acid  evolved  was 
various.  The  following  is  the  best  experi- 
ment diat  was  made  wim  the  predoitatea  car- 
bonate :  30  grains  were  decomposed  overmer- 
cuiy,  by  muriatic  add ;  they  evolved  2.9  cubic 
hiches  of  carbonic  add  =  1-32  grains;  30 
grains  of  the  above  carbonate,  heated  to  red- 
ness, until  they  ceased  to  lose  weight,  lost  3*4 
grains.  Hence  It  appears,  that  30  grains  of 
the  above  predpitated  carbonate  consist  of 
Oxide,  26-6 

Add,  1-32 

Water,  208 

a  qnandty  of  carbonic  add  iafinitdy  too  BBvaQ 
tone  considered  as  saturating  the  oxide. 

Another  attemjpt  was  made  to  obtain  ap«ue 
carbonate  of  uranium.  A  quantity  of  recently 
precipitated  and  moist  oxide  was  difiuaed 
through  water,  and  carbonic  add  was  passed 
through  the  nature,  by  which  the  oxiae  was 
very  soon  entirdv  dissolved.  This  solution 
was  gently  heated,  when  it  presendy  became 
tnrbid,  and  die  predpitate  bong  collected  and 
dried  at  a  very  moderate  heat,  was  of  a  dirtv 
ydlow  colour,  and  perfecdy  soluble,  wim 
iRg-ht  effervesoence,  m  muriatic  and  nitric 
acidk  When,  however,  an  attempt  was  made 
to  collect  the  carbonic  aad  evdved,  it  did  not 
smount  to  1  cubical  indi  from  30  grains ;  so 
tliat  it  may  perhaps  be  oonduded  that  there 
is  no  dry  carbonate  of  uranium  wUdi  can  be 
regarded  as  a  definite  compound. 

VI.  It  has  been  stated  above,  dnt  when 
oxide  of  ursmum  is  boikd  with  dilute  suU 


pfiaric  acta,  a  yeHow*green  eompound,  of  cof^ 
ficuH  solubili^,  is  formed,  which  has  there 
been  termed  a  subsulphate :  to  determine  its 
oomoosition,  60  grains,  carefully  washed  and 
dried,  were  dissolved  in  nitro-muriatic  add, 
and  the  solution  decomposed  by  ammonia; 
the  predpitated  oxide  of  uranium  having  been 
separated  upon  a  filter,  the  dear  liquor  was 
predpitated  by  muriate  of  barjrta,  and  29*5 
grates  of  sulphBte  of  baryta,  =  10  of  sulphuric 
add,  were  obtamed ;  hence  the  compodtion  of 
the  subsulphate  is. 

Sulphuric  add,  10 

Oxide^  40 

60 

and  if  we  consider  this  as  composed  of  2  pn>- 
portionals  of  oxide  and  1  of  acid,  we  obtain  the 
number  80  as  the  equivalent  of  oxide  of  ura- 
nium, and  72  as  that  of  the  metaL  Ndther 
iodtee  nor  the  hydriodates  occasion-  any  pre- 
dpitation  te  solutions  of  uranium,  but  fer- 
rocyanate  of  potassa  occadons  a  ftee  leddidi. 
brown  predpitate  in  them  all,  and  diis  al- 
though  they  are  condderably  add. 

The  above  experiments  were  undertaken 
widi  a  view  of  detenmnteg  the  equivalent 
number  of  uranium ;  but  of  the  various  com- 
pounds that  have  hem  examined,  the  sulphates 
only  appear  to  afford  results  that  can  be  deemed 
at  an  satisfactory;  and  even  these  are  too 
mudi  at  variance  to  enable  us  to  assume  their 
analysis  as  the  foundation  of  a  prime  equiva. 
lent  number. — Journal  qfScienee^  xiiL  80. 

M.  Arfwedson  procures  pure  oude  of  ura- 
nium in  die  followinc  way :  Ftedy  pulverized 
pechblende  is  to  be  dissolved  b^  a  gentle  heat 
te  nitro^nuriatic  odd,  after  whsch  a  good  deal 
of  water  is  to  be  added,  and  a  Utde  muriatic 
add,  if  necessary.  The  undissolved  matten 
are  to  be  removed  (solphut,  silica,  gangue), 
and  a  current  of  suljAiuretted  hydro^  gas 

red  through  the  solution  as  long  asitafi&ta 
The  first  predpitate  is  dark  coloured ;  but 
the  second  bemg  sulphuret  of  arsenic  is  yellow. 
On  filtration,  t&  liquor  is  ftee  from  coppery 
lead,  and  arsenic ;  but  oontates  iron,  cobalt, 
and  ztec.  It  is  now  to  be  digested  with  a 
litde  nitric  add  to  peroxidize  the  iron,  and 
then  decomposed  by  carbonate  of  ammonia,  te 
excess,  which  leaves  the  iron  and  eardis.  The 
filtered  solution  is  to  be  boiled  as  long  as  car- 
bonate of  ammonia  is  disengaged ;  the  oxides 
of  uranium,  one,  with  part  of  the  oxide  of 
cobalt,  fall  down,  whidi  are  to  be  collected  on 
a  filter  and  dried.  It  is  then  to  be  heated  to 
redness,  by  whidi  it  becomes  of  a  dark  mm 
colour,  and  afterwards  by  digestion  te  dilute 
muriatic  add  has  the  oxidn  of  cobalt  and 
ztec,  widi  a  small  portion  of  oxide  of  uranium, 
dissolved  out,  and  after  washing  and  dryte^ 
pure  oxide  of  uranium  remates.  About  65 
parts  were  te  this  way  obtateed  torn  100  of 
pediblende. 
The  oxide  is  BoAubie  te  dilnte  sttlphnric 
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■ciA  gttdy  hailed,  aad  aflbidi  knuA-coloiiied 
piismatic  arystab.  Its  aohitioD  in  muiiatic 
add,  in  which  it  it  bat  imperfectly  tolnble, 
afibrdfl  yeUowieh-gieen  riiomboidal  tablets. 
Phoq>horic  add  mssdves  it,  but  after  some 
time  the  phosphate  Alls  down  in  a  floocnlent 
fonn,  and  o^  a  pale  yellow  ooLoue. 

It  combines  with  vitrifiable  substances,  and 
I^Tes  ^jhem  a  brown  or  gnen  colour.  On 
poroeUdn,  with  the  usual  mix,  it  produces  an 
otmn«. 

URANOCHRE.  An  ok  of  uraninm, 
eoDtaining  this  metal  in  the  oxidised  state. 
See  the  preceding  artide. 

URATES.  Compounds  ofuiie  or  lithic 
add  with  the  salifiable  bases.    See  Acid 

(LiTHIO), 

UREA,  The  best  process  finr  mqiaring 
una  is  to  evaporate  urine  to  the  consistence  of 

rip,  taking  care  torqpilate  the  heat  towards 
end  of  me  evaporation ;  to  add  very  gra- 
dually to  the  syrup  its  yolume  of  nitric  add 
(240  Baume)of  1-20 ;  to  stir  the  mixture,  and 
immeise  it  in  a  bath  of  iced  water,  to  harden 
the  crystals  of  the  acidulous  nitrate  of  urea 
which  predpitate ;  to  wash  these  crystals  with 
ice-ooki  water,  to  drain  them,  and  press  them 
between  the  folds  of  blotting  paper.  When 
we  have  thus  separated  the  adhering  hetero- 
geneous matters,  we  le^asolTe  the  crystals  in 
water,  and  add  to  them  a  sufficient  quantity 
of  carbonate  of  potash,  to  neutralise  the  nitric 
add.  We  must  then  empotate  the  new 
liquor,  at  a  gentle  heat,  almost  to  dryness  \ 
and  treat  the  residuum  with  a  very  pure  alco- 
hol, wliidi  dissolves  only  the  urea.  On  con- 
centrating the  alo^olic  solution,  the  urea 
crystallises. 

The  preoedhig  is  M.  Thenaid*s  process, 
which  Dr.  Prout  has  improved.  He  separates 
the  nitrate  of  potash  by  crystallization,  makes 
the  liquid  urea  into  a  paste  with  animal  char- 
coal, digests  this  with  cold  water,  filters,  con- 
centrates, &en  dissolves  the  new  colourless 
urea  in  alcohol,  and  lastly  avstaUises.  The 
process  prescribed  by  Dr.  iWnsoo,  in  the 
nAh  edition  of  his  System,  does  not  an. 
swer. 

Urea  crystallises  in  four<^ded  prisms,  whidi 
are  transparent  and  colourless,  with  a  slight 
peady  lustre.  It  has  a  peculiar  but  not 
urinous  odour;  it  does  not  affect  litmus  or 
turmeric  pimers ;  it  undergoes  no  change  from 
the  atmosphere,  except  a  slight  ddiquescence 
in  very  damp  weather.  In  a  strong  heat  it 
melts,  and  is  partly  decomposed  aiM  partly 
sublimed  without  change.  The  sp.  gr.  of  the 
crystals  is  about  1>36.  It  Is  very  soluble  in 
water.  Alcohol,  at  the  temperature  of  the 
atmosphere,  dissolves  about  20  per  cent ;  and 
when  boiling,  considerably  more  than  its  own 
weight,  from  which  the  urea  separates  on 
cooling,  in  its  crystalline  form.  The  fixed 
alkalis  and  alkaline  earths  decompose  it  It 
unites  with  most  of  the  metallic  oxides ;  and 


hROSs  cryBtaDine  conpomids  wiili  il 
and  oxalic  adds. 

If  cautionsly  introduced  into  a  retort  withs 
wide  short  nedc,  it  fuses  with  a  gesitk  heat : 
a  wliite  fume  rises,  which  is  benaosc  add,  sad 
condenses  on  the  sides  of  the  receiver  s  crvstsl- 
Used  csrbonate  of  ammonia  suoceeda,  andoon. 
tinnes  to  the  end :  ndther  water  nor  oQ  rises, 
but  the  sublimate  is  turned  brown:  &e  air 
expeOed  from  the  apparatus  is  impcegoattd 
with  a  smdl  of  gadic  and  stinking  mi :  wba 
the  heat  is  very  intense,  the  aoiell  is  inaop- 
portable.  The  matter  in  the  letort  is  then 
dry,  Markish,  and  covered  with  a  raiaed  white 
crust,  which  rises  at  length  in  a  heavy  v^paiK, 
and  attadies  itself  to  the  kwer  part  af  tbe  ra- 
tort   'This  is  muriate  of  ansmonik 

If  water  be  poured  on  die  sesidoam,  it 
emits  a  smell  of  prussic  add.  Burned  oa  an 
open  fire  it  exhsles  the  same  smdl,  pves  out 
ammonia,  and  leaves  one-hundiedth  of  its 
weight  <rf  acrid  whits  ashes,  wfaidi  torn  synip 
of  violets  green,  and  contun  a  small  qnaxitity 
of  carbonate  of  soda. 

The  aqueous  solution,  disriTlfld  by  a  gen- 
tle fire^  and  carried  to  ebuQitkNi,  aflbida  very 
dear  water  loaded  with  ammonia.  By  addizv 
more  water,  as  the  liquor  became  inapiaaaic^ 
Fourcroy  and  Vauqudin  obtained  newly  two. 
thirds  of  the  wei|^t  of  the  urea  in  carbonate  of 
ammonia,  and  the  residuum  was  not  then  ex- 
hausted of  it  The  latter  portions^  hovew, 
were  more  and  more  coloured. 

This  decomposition  of  an  animal  unbstMMf 
at  the  low  heat  of  boiling  water  is  voy  re- 
markable,  particulady  with  reapect  to  the 
carbonic  add.  Indeed  it  appears  that  a  very 
slight  change  of  equilibrium  u  sufficient  to 
cause  its  constituent  principles  to  pass  intotlie 
state  of  ammonia,  and  carbonic,  pnaaiq  and 
acetous  adds. 

Urea  has  been  reoendy  analyaed  by  Dr. 
Prout  and  M.  Bemd.    TheibUowingareits 


Percent  Per  Cent  PeratooB. 

Hydrogen,     10.80      6.66  2  =    2.5 

Carbon,  19.40    194)9  1  =:     7-5 

Oxygen,         26.40    26.66  1   ==  10.0 

Axote,  43.40    46.66  1   =  17^ 


100.00   100-00 


37.5 


See  SuGAA  for  some  remarks  on  the  re- 
lation  between  it  andujea.  Uric,  or  lithic 
add,  is  a  substsnce  qmte  distinct  from  nies 
in  its  composition.  This  fact,  according  to 
Dr.  Prout,  eiplains,  why  an  excess  of  urea 
generally  accompanies  the  phomhocic  dia- 
thesis, and  not  the  lithic  He  haa  seversl 
times  seen  urea  as  abundant  in  the  wine  of  a 
person  where  the  phoqihorie  diathfsis  pre- 
vailed, as  to  crystabixe  spontaneously  on  the 
addition  of  nitric  add,  without  being  coo. 
centrated  by  eviqioration. 

As  urea  and  uric  add,  says  M.  Beraid,  are 
the  most  asotised  of  all  animal  substanees,  the 
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secvedoD  of  uiiDO  sppcuB  to  faiiTQ  ftf  its  object 
the  sepantion  of  the  excess  of  aiote  from  the 
Uood,  as  raipfamtloD  sepaiates  from  it  the 
czcesB  of  cflfbon* 

Urea  has  a  singolar  efiect  on  the  crystal- 
lixaitioo  of  some  suts.  If  mniiate  of  soda  be 
diaeolTed  in  a  solation  of  urea,  it  will  cry- 
stallize by  evaporation,  not  io  oabes»  but  in 
octaedra;  manate  of  ammonia,  on  the  con- 
tiary,  treated  hi  the  ssme  way,  instead  of 
ctyatallising  in  ootaedra,  will  assome  the 
coble  form.  The  same  efiect  is  piodnced,  if 
fVeah  urine  be  employed. 

URIC  ACID.  See  Acid  (Lithic). 
URINE.  This  exciementittotts  fluid,  hi 
its  natural  state,  is  transparent,  of  a  yellow 
colour,  a  peculiar  smell  and  saline  taste.  Its 
production  as  to  quantity,  and  in  some  mea- 
sure quality,  depends  on  the  seasons  and  the 
peculiar  constitution  of  the  individnal,  and  is 
likewise  modified  by  disease.  It  is  obserred, 
that  persfuration  carries  off  more  or  less  of  the 
fluid,  which  would  else  have  passed  off  by 
urine ;  so  that  the  profusion  of  the  fanner  is 
attended  wi A  a  diminution  of  the  latter. 

From  the  alkaline  smell  of  urine  kept  for  a 
certain  time,  and  other  drcumstanoes,  it  was 
fomaeily  supposed  to  be  an  alkaline  fluid ;  but 
by  its  rradening  paper  stained  blue  with  litmus 
or  the  juice  of  radishes*  it  appears  to  contafai 
an  excess  of  add. 

The  numerous  researches  made  concerning 
urine  have  given  the  foIlowiDg  as  Its  compo- 
nent parts :  I,  water ;  2,  urea ;  3,  phosphoric 
acid ;  4,  6,  fl,  7«  phosphates  of  lime,  mag. 
neaia,  sods,  and  ammonia;  8,  9,  10,  II, 
lithic,  rosacic,  benzoic,  and  carbonic  add ;  12, 
carbonate  of  lime ;  13,  14,  muriates  of  soda 
and  ammonia ;  16,  gelatin ;  16,  albumen ;  17, 
resin ;  18,  sulphur. 

Muriate  of  potash  may  sometimes  be  de- 
tected  in  urine,  by  cautiously  drc^ping  into  it 
some  tartaric  acid ;  as  may  sulphate  of  soda, 
or  of  lime,  by  a  solution  of  muriate  of  barytes, 
which  will  throw  down  sulphate  of  barytes 
together  with  its  phosphate ;  and  these  may 
be  separated  by  a  suffident  quantity  of  mu- 
riatic add,  which  will  talce  up  the  latter. 

Urine  soon  undergoes  spontaneous  dianges, 
which  are  more  or  less  speedy  and  extensive, 
according  to  its  state,  as  well  as  the  tempera- 
ture of  the  air*  Its  smell,  when  fresh  made, 
and  healthy,  is  somewhat  fragrant ;  but  this 
presently  goes  ofi^  and  is  succeeded  by  a  pe- 
culiar odour  termed  urinous.  A  s  it  b^^ms  to 
be  decomposed,  its  smell  is  not  very  unlike 
that  of  sour  milk ;  but  this  soon  changes  to  a 
fetid,  alkaline  odour.  It  must  be  observed, 
however,  that  turpentine,  asparagus,  and  many 
other  vegetable  substances,  taken  as  medicine, 
or  used  as  food,  have  a  very  powerful  effect  on 
the  smell  of  the  urine.  Its  tendency  to  putre- 
faction depends  almost  wholly  on  the  quantity 
i^  gelatin  and  albumen  it  contains ;  in  many 
cases,  where  these  are  abundant,  it  comet  on 
very  quickly  indeed. 


According  to  BeneUus,  healthy  hmtian 
urine  is  composed  of,  water  933,  urea  30-10, 
sulphate  of  potash  3-71  >  sulphate  of  soda  3- 169 
phosphate  of  soda  2-94,  muriate  of  soda  4-45, 
phosphate  of  ammonia  1'65,  muriate  of  am- 
monia 1>50,  free  acetic  add,  vrith  hustate  of 
ammonia,  animal  matter  soluble  in  alcdMl, 
area  adhering  to  the  preceding,  altogether 
17' 14,  earthy  phosphates,  with  a  trace  of  fluate 
of  lime  1-0,  uric  add  1,  mucus  of  the  bladder 
0-32,  silica  0*3,  m  1000-0.  The  phosphate 
of  ammonia  and  soda,  obtained  from  urine,  by 
removmg  by  alcohol  the  urea  fiom  its  crystal- 
lized salts,  was  caSkAftMU  salt  ofuriney  or 
nderocoimic  toU  ;  and  was  much  employed  in 
experiments  with  the  blowpipe. 

The  changes  produced  in  urine  by  disease 
are  considemble,  and  of  importance  to  be 
known.  It  is  of  a  red  colour,  small  in  quan- 
tity, and  peculiarly  acrid,  in  inflammatory 
diseases ;  but  deposits  no  sediment  on  stand- 
iog.  Corrosive  muriate  of  mercury  throws 
down  fVom  it  a  copious  predpitate.  Toward 
the  termination  ci  audi  diseases*  it  becomes 
more  abundant,  and  deposits  a  copious  pink- 
coloured  sediment,  consisting  of  rosadc  add, 
with  a  lltde  phosphate  of  lime  and  uric  add. 

In  jaundice  it  contains  a  de^  yellow  co- 
louring matter,  capable  of  stahung  linen.  Mn^ 
riatic  add  renders  it  green,  and  this  indicates 
the  presence  of  bile.  Sometimes,  too,  aco(nd- 
ing  to  Fourcroy  and  Vauquelin,  it  contains  a 
substance  analogous  to  the  yellow  add,  iriiich 
they  formed  by  the  action  of  nitric  add  on 
muscular  fibre. 

In  hysterical  affections  it  is  copious,  limpid, 
and  colourless,  containing  much  salt,  but 
scarcely  any  urea  or  gelatin. 

In  cbropsy  the  urine  is  generally  loaded  -with 
albumen,  so  as  to  become  milky,  or  even  coa- 

Siulate  by  heat,  or  on  the  addition  of  adds, 
n  dropsy  from  diseased  liver,  however,  no 
albumen  is  present ;  but  the  urine  is  scanty, 
high  cobured,  and  deposits  the  pink-coloured 
sediment 

In  dyspepsy,  or  indigestion,  the  urine 
abounds  in  geladn,  and  putrefies  rapidly. 

In  rickets,  the  urine  contains  a  great  deal  of 
a  calcareous  salt,  which  has  been  supposed  to 
be  phosphate  of  lime,  but  according  to  Bon- 
homme  it  is  the  oxalate. 

Some  instances  are  mentioned,  in  which 
females  have  voided  urine  of  a  milky  appear- 
ance^ and  containing  a  certain  portion  of  the 
caseous  part  of  milk. 

But  among  the  most  remarkable  alterations 
of  urine  is  that  in  the  diabetes,  when  the  urine 
is  sometimes  so  loaded  with  sugar,  as  to  be 
capable  of  bdns  fermented  into  a  vinous 
liquor.  Upwar£  of  one-twelfth  of  its  weight 
of  sugar  was  extracted  from  some  diabetic 
urine  by  Cruickshank,  whidi  was  at  the  rate  of 
twenty-nine  ounces  troy  a  day  from  one  pa- 
tient. In  this  disease,  however,  the  urine* 
though  always  in  very  large  quantiiy,  is  some- 
times not  sweet,  but  insipid. 
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Tb»  ntifle  of  loinft  aafanali^  cunkiad  by 
Ibuicroy,  Vanqndm,  and  RonelVv  jim.  vpm 
pan  to  diffez  from  diat  of  man  in  wantbig 
tbe  phoaphoDC  and  litbie  adds,  and  contaia- 
ing  the  banok.  Thai  of  the  hone,  accord- 
iDff  to  the  fiimer  two,  coosUti  of  beazoate  of 
aoda  .024,  carbooate  of  lime  .011,  caibonata 
of  soda  .009,  muriate  of  potaah  .000»  ana 
•007,  water  and  macflage  .940.  Oieae,  how- 
over,  obaenrei,  that  tbe  piopoitioB  of  bensoata 
of  aoda  Taiies  greatly,  so  that  somedmea 
■caroely  any  csn  be  found*  Notwithstanding 
the  asaertioaa  of  theae  chemiits,  that  the  uriae 
of  the  hofie  containa  no  pboaphoric  add,  Oio- 
hart  affinna  dial  phospbflrua  mqr  be  made 
from  it. 

That  of  the  oow,  acooidiog  to  Boaelle,  con. 
tarns  carbonate,  sulphate^  and  muxiate  of  pot- 
ash, beaaoic  add,  and  uiea  s  that  of  thecundl 
difoed  from  it  in  afibiding  no  benaNfi  add ; 
that  of  tbe  rabbit,  aococding  to  Vauqudin, 
contains  the  carbonatea  of  lime,  magnesia,  and 
potash,  sulphates  of  potash  and  linae,  muriate 


these -appeal  to  contain  some  fine  alkaliyaa 
they,  turn  synip  of  noletsgraso.  In  theaBar 
of  domestic  fowls,  Foiuccoy  and  Vanqac& 
Ibond  lithVf  add. 

Urine  haa  been  cna|>loyed  for  makxag  phes- 
pborus,  volatilA  aftaU,  and  sal  amnkoniac; 
moulds  to  the  prodnce  of  nitre  beds;  and  it  is 
very  uadSal  in  a  piarid  siala  te 


URINE   (BLUE).     In  cxKtnn 
CBoditiona  of  tiw  body  a  blue  urine  J 
▼oaded  wladi  M.  Bracoaaat  haa  ^vcb 
count  of  in  the  29tK  Tolume  of  the 
Chimin €t  Ph^nqmj^  25^    liUa 
aubatance  winch  giTca  the  oolom. 
poses  to  call  it  c^aaoaHac    It 
oisanic  salifahlff  batirs  in   oonbinii^ 
adds,  in  lefiiaiag  to  diaMdve  in  alkalis, 
the  large  ptopoition  of  carbon  vfaicii 


the 
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URINABYCAIiCUU.    See  C^cvLi 
(Ubutjoit). 


VAPOUR.  The  general  prindples  of  the 
formation  of  vapour  have  been  explained 
under  the  article  Caloeic,  changes  of  Hate* 
Some  obeervations  have  been  added  under 
Eyaporation  and  Gas. 

Fig.  15.  plate  XIV.  represents  one  form  of 
the  ^pacatus,  whidi  I  employed  for  deter- 
mining the  dastic  force  of  vapours  at  different 
temperatures.  L,  1,  are  the  initial  levels  of 
the  mercurial  columns  in  the  two  legs  of  the 
^rphon  barometer.  I,  is  the  fine  wire  of  pla- 
tina,  to  which  the  quicksilver  was  made  a 
tangent,  at  every  measurement,  liiy  pourioff 
mercury  into  the  open  leg,  tiU  its  verticu 
pressure  equipoised  the  ehutlc  force  of  the 
vapour  above  U  The  column  added  over  L, 
measured  dlrecdy  that  dastic  force.  See  the 
Tablea  in  the  Appendix. 

VAR£C.  The  Frendi  name  for  kdp,  or 
incinerated  sea-weed. 

VARNISH.  Lac-vamishes  or  lacquers 
consbt  of  different  resins  in  a  state  of  solution, 
of  which  the  most  common  are  mastich,  sand- 
aracfa,  lac,  benzoin,  copal,  amber,  and  asphal- 
tum.  The  menstrua  are  either  expressed  oc 
essential  oils,  as  also  alcohoL  For  a  lac-var- 
nish of  the  first  kind,  the  common  painter's 
varnish  is  to  be  united  by  gently  boiling  it 
with  some  more  mastidi  or  colophony,  and 
then  diluted  asain  with  a  little  more  oil  of 
turpentine.  The  latter  addition  promotes  both 
the  glossy  appearance  and  drying  of  the  var- 
nish. 

Of  this  sort  is  the  amber-vamish.  To 
make  this  vamiish,  half  a  pound  of  amber  is 
kept  over  a  gentle  fire  in  a  covered  iron  pot. 
In  the  lid  of  which  there  is  a  small  hole,  till 


it  is  observed  to  become  soft,  and  to  be  rndtad 
together  into  one  nuua.  As  aoon  aa  iSbii  is 
percdved,  the  vessd  is  taken  from  off  the  fire, 
and  suffered  to  cool  a  little ;  when  a  pound  of 
good  painter^s  varnish  is  added  lo  it,  and  die 
whole  suffered  to  boil  up  again  ever  the  fire, 
keeping  it  continually  stirring.  After  this,  it 
is  again  removed  from  the  fire ;  and  isbea  it  Is 
become  somewhat  cool,  a  pound  of  oil  of  tur- 
pentine is  to  be  gradually  mixed  with  it- 
Should  the  varnish,  when  it  is  cool,  hapixD  to 
be  yet  too  thick,  it  may  be  attezniated  with 
more  oil  of  turpentine.  This  vamidi  haa 
always  a  dark  brown  colour,  because  the  amber 
is  previously  balf4nimed  in  this  operatkm  ; 
but  if  it  be  required  of  a  brighi  coloui,  amber 
powder  nuist  be  dissolved  in  transparent  paia- 
ter^s  varnish,  in  Papin's  machine,  by  a  gptk 
fire. 

As  an  instance  of  the  second  sort  of  he- 
varnishes  with  ethereal  dls  alone,  may  be 
adduced  the  varnish  made  with  oil  of  turpen- 
tine. For  making  this,  masiich  alone  is  dis- 
solved in  oil  of  turpentine  by  a  very  gentle 
digesting  heat,  in  dose  glass  vessels.  This  is 
the  vamiah  used  for  the  modem  transparencies 
employed  as  window-blinds,  fire-aoeens,  and 
for  other  purposes,  lliese  are  oomnoonly 
printe,  coloured  on  both  sides,  and  afterwards 
coated  with  this  vamiah  on  those  paru  that 
are  intended  to  be  transparent.  Sometimes 
line  thin  calico,  or  Irish  linen,  is  used  for  this 
purpose ;  but  it  requires  to  be  primed  with  a 
solution  of  JsinglaHS,  before  the  colour  u  laid 
on. 

Copal  may  be  dissolved  in  genuhSe  Ohio 
turpentine,  according  to  Mr.  j8>ridrBke>  by 
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addiiM  it  in  powte  to  tl» 
▼kroaJj  mdted,  and  itiiriiig  tiU  ihe  whoU  it 
liued.  Oil  of  tuzpentiiie  hist  then  be  added 
to  dfliite  it  sufficiently.  Or  &e  copal  in  pow- 
der may  be  put  into  a  long-Jieckcd  matzaaa 
with  twelve  parts  of  ofl  of  tnipendne,  and  di- 
gested seversl  days  on  a  sandAeat,  frequently 
shaking  it.  This  may  be  diluted  with  one- 
fourth  or  one^fifth  of  alodhoL  Metallic  ves- 
8^  or  instruments,  covered  with  two  or  three 
coats  of  this,  and  dried  in  an  oven  eadi  time, 
maj  be  washed  with  boiling  water,  or  evea  ex- 
poeed  to  a  still  greater  heat,  without  injury  to 
the  Tainish. 

A  vamish  of  the  oonsisteDoe  of  thin  turpen* 
tine  is  obtained  for  aerostatic  marhines,  by  tlie 
digestion  of  one  part  of  elastic  gum^  or  caouU 
ehouc,  cut  into  small  pieces,  in  thirty-two  parts 
«f  recdiied  oil  of  turpentine.  Previously  to 
Hs  being  used,  however,  it  must  be  paned 
through  a  linen  doth,  in  oider  that  the  un- 
dissolved parts  may  be  left  beUnd. 

The  third  sort  of  lae-vamiabes  consisis  in 
the  spirit-vamisli.  The  most  soli4  resins 
yield  the  most  duiable  varnishes;  but  a 
vamish  must  never  be  eaEpected  to  be  harder 
than  the  resin  naturally  is  of  which  it  is 
made.  Hence,  it  is  the  bel^t  of  absurdity  to 
auppoee  that  there  are  any  incombustible  var- 
nishes, since  there  is  no  such  thing  as  an  in- 
combustible resin.  But  the  most  solid  resios 
by  themselyes  produce  brittle  vamidies ;  there, 
mre,  something  of  a  softer  substance  must  aL 
ways  be  mixed  with  them,  whereby  this  brit- 
tleness  is  diminished.  For  this  purpose,  gum- 
eloni,  tuipentme,  or  balsam  of  eopaiva  are 
employed  m  proper  proportions.  For  the  so- 
lution of  these  bodies  the  strongest  alcohd 
ought  to  be  used,  which  may  very  properly 
indeed  be  distilled  over  alkdi,  but  must  not 
have  stood  upon  alkali  The  utmost  nmpli- 
dty  in  composition,  with  respect  to  the  num- 
ber of  the  ingredients  in  a  formula,  is  the  re. 
suit  of  the  greatest  skill  in  the  art;  hence  it  is 
no  wonder,  that  the  greatest  part  of  the  formu- 
las and  recipes  that  we  meet  with  are  com- 
posed without  any  prindple  at  alL 

In  conformity  to  these  rules,  a  fine  colour. 
lesa  yamfsh  may  be  obtained,  by  dissolving 
eight  ounces  of  gum -sandarach  and  two 
ounces  of  Venice  turpentine  in  thirty-two 
oonoes  of  alcohol  by  a  gentle  heat  Five 
ounces  of  shell-lac  and  one  of  turpentine,  dis- 
solved in  thirty-two  ounces  of  alcohol  by  a 
very  gentle  heat,  give  a  harder  varnish,  but 
of  a  reddish  cast.  To  these  the  solution  of 
copal  is  undoubtedly  preferable  in  many  re- 
spects. This  is  effected  by  triturating  an 
ounce  of  powder  of  gum-copd,  whidi  hss 
been  well  dried  by  a  gentle  heat,  with  a 
drachm  of  camphor,  and,  wiiile  these  are 
mixing  together,  adding  by  degrees  four 
ounces  of  the  strongest  doohd,  without  any 
digestion. 
Between  this  and  the  gold  vamish  there  is 


only  dris  difRKMSb.  that  soms  snbiCMai  that 

oomnmnicats  a  yeUow  tinge  are  to  be  added 
to  the  latter.  The  most  andcnt  description 
of  two  sorts  of  it,  one  of  which  was  prepared 
with  oil,  and  the  other  with  doohol,  is  to  be 
found  in  Alexius  Pedemontanus  Dd  Secret!, 
Locca,  of  which  the  first  edition  was  published 
in  the  year  1657.  But  it  is  better  prepared, 
and  mora  durable,  when  made  after  the  fol- 
lowing prescription: — Take  two  ounces  of 
shdl-lac,  of  amotto  and  tmmerio  of  eadi  one 
ounce,  and  thirty  grains  of  fine  dragon's4dood;, 
and  make  an  extract  with  twenty  ounces  of 


dcohd  in  a  Mtle 

OiLvamishes  are  commonly  mixed 
diatdy  with  the  oolonis,  but  lac  or  lacquer 
varnishes  are  laid  on  by  thcmsdves  upon  a 
burnished cdoured  ground:  when  they  are  hi- 
tended  to  be  laid  upon  naked  wood,  a  ground 
should  be  first  given  them  of  strong  size,  dthor 
alone,  or  with  some  earthy  odour  mixed  up 
with  it  by  levigation»  The  gold  lacquer  is 
sfanply  rubbed  over  brass,  ti^  or  silver,  to 
give  them  a  gdd  odour. 

Before  a  resin  is  dissolved  in  a  fixed  oil,  it 
is  necessary  to  render  the  oil  drying.  For 
this  puroose  the  oil  is  boiled  with  metallic 
oxides,  in  which  operation  the  mudlage  of 
the  oil  combines  wlm  the  metal,  while  the  oil 
itsdf  unites  with  the  oxygen  of  the  oxide. 
To  aocderate  the  drying  of  this  vamish,  it  is 
necessary  to  add  oil  of  turpentine. 

The  essentid  varnishes  consist  of  a  sdu- 
tion  of  resin  in  oil  of  turpentine.  The  var* 
nidi  bdng  applied,  the  essentid  oil  flies  ofi^ 
and  leaves  me  resin.  This  is  used  only  fior 
paintings. 

When  resins  are  dissdved  in  alcohol,  the 
vamish  dries  very  speedily,  and  is  subject  to 
crack;  but  this  foult  is  corrected  by  adding  a 
snaall  quantity  of  turpentine  to  the  mixture, 
which  renders  it  brighter,  and  less  brittle  when 
dry. 

The  coloured  resins  or  gums,  sudi  ss  gam- 
boge, dragonVblood,  &c  are  used  to  colour 
varnishes. 

To  give  lustre  to  the  vamish  after  it  is  Isid 
on,  it  is  rubbed  with  pounded  pumice-stone 
and  water;  which  bdng  dried  with  a  doth, 
the  work  is  afterward  rubbed  with  an  oiled 
rag  and  tripolL  The  surface  is  last  of  all 
darned  with  soft  linen  cloths,  deared  of  all 
greasinefis  with  powder  of  starch,  and  rubbed 
bright  with  the  palm  of  the  hand. 

VAUQU£LINIT£.  Chromate  of  lead 
and  copper,  a  mineral  which  occurs  in  small 
crystals  on  quartz,  accompanying  the  chromate 
of  lead  in  Siberia. 

VEGETABLE  KINGDOM.  In  the 
minerd  kingdom,  little  of  chemicd  operation 
takes  place,  wherein  the  peculiar  loodity  or 
disposition  of  the  prindples  which  act  upon 
each  other  appears  to  have  any  considerable 
effect  The  prindples,  for  the  most  part 
simple,  act  upon  each  other  by  virtue  of  their 
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lemedfe  atmettoni :  tf  hart  be  derdoped, 
it  u  for  the  moit  put  fpeedfly  oondacted 
away ;  if  elasdc  prodncti  be  extricated,  diey 
in  geoetwl  make  their  escape  ;■— in  a  word,  we 
sddom  percdye  in  ^  operatioiis  in  the  mi- 
neral  Idngdoin  any  anangemoit,  whidi  at  all 
TCMmbles  the  artificial  diapoBitiODS  of  Ae 
cbemitta 

But  in  the  animal  and  vegetable  kingdoms 
it  is  far  otherwise.  In  the  ibrmer  of  these, 
bodies  are  regtilaily  dianged  by  medianical 
diyiaion,  br  digestion,  and  the  application  of 
peculiar  soWents,  in  a  tempemtare  exceeding 
that  of  the  atmocmhere ;  and  the  whole  of  the 
elFeeCs  are  assisted,  modified,  and  kept  up  by 
an  apparatus  fbr  admitting  the  air  of  flie  at- 
mosphere. The  subjects  of  the  vegetable 
kingdom  possess  undoubtedly  a  structure  less 
da^irate.  They  exhibit  much  less  of  those 
energies  whidi  are  said  to  be  spontaneous. 
The  form  of  their  vessels  is  much  siropler, 
and,  as  far  as  we  csn  perceive,  thefar  action  is 
obedient  to  the  changes  of  the  atmosphere  in 
quality  and  moisture,  the  mechanical  action 
of  wixids,  the  temperature  of  the  weather,  and 
die  influence  of  light.  In  these  orsanised 
beings,  the  chemist  discovers  prindples  of  a 
move  compounded  nature,  than  any  which 
can  be  obtained  from  the  mineral  Idngdom. 
These  do  not  prevknuly  exist  in  the  earth, 
and  must  therefbre  be  results  of  vesetaUe 
life. 

The  most  obvious  difPerenoe  between  v^e- 
tables  and  animals  is,  that  the  latter  are  in 
genetal  capable  of  conveying  themselves  from 
place  to  place ;  whiereas  vegetables,  being  fixed 
in  the  same  place,  absorb,  by  means  of  their 
roots  and  leaves,  sudi  support  as  is  within 
thehr  reach.  This  appears  on  the  whole  to 
consist  of  air  and  water.  The  greatest  part  of 
the  supDort  of  animals  are  the  products  al. 
ready  elaborated  in  the  vegetable  kingdom. 
The  products  of  these  two  kingdoms  Fn  the 
hands  of  the  chemist  are  remarkably  different, 
though  perhaps  not  exclusively  sa  One  of 
most  distinctive  characters  seems  to  be  the 
presence  of  nitrogen  or  azotic  gas,  which  may 
be  extricated  from  animal  substances  by  the 
application  of  nitric  acid,  and  enters  into  the 
composition  of  the  ammonia  afibrded  by  de- 
structive  distillation.  It  was  long  supposed 
that  ammonia  was  exdusivdy  the  proauct  of 
the  animal  kingdom,  but  it  is  now  wdl  known, 
that  certain  plants  likewise  nfibrd  it 

When  it  is  considered,  that  by  fiff  the 
greater  part  of  every  organized  substance  is 
capable  of  assuming  the  elastic  form,  and 
being  volatilized  by  heat ;  that  the  products 
are  during  life  brought  into  combination  by 
slow  and  long-oontinued  processes,  and  are 
kept  separate  from  each  other  in  the  vessels 
of  the  plant  or  animal ;  that  these  combine* 
tioos  are  liable  to  be  altered  by  the  destruc- 
tion of  those  vessels,  as  well  as  by  every  nota- 
ble change  of  temperature— it  will  not  ap. 


pear  sonnlalhg,  tet  Ilie'diGmfeal  analysb  df 
plants  should  be  in  an  imperfect  state.  See 
Akaltsis. 

In  the  structure  of  vegetables  we  observe 
the  external  covering  oir  bark,  the  l^neoos  or 
woody  matter,  the  vessds  or  tubes,  and  cestain 
gl^ntinlai-  or  knotty  parts.  The  cooapsndve 
anatomy,  and  immediate  uses  of  these  parts, 
firnn  an  object  of  interesting  research,  but  leas 
immediately  within  the  province  of  a  cbemieal 
work. 

The  nutrition  or  support  of  plaiHa  *ppean 
to  require  water,  earth,  light,  and  air.  There 
are  various  experiments  which  have  been  in. 
stituted  to  show,  that  water  is  the  only  siB- 
ment  which  the  root  draws  from  the  earth. 
Van  Hdmont  planted  a  willow,  VMa^uDf^ 
fifty  pounds,  in  a  certain  quanti^  of  earth 
covered  with  sheet  lead ;  he  watered  it  fbr  five 
years  with  distilled  water,  and  at  the  end  of 
that  time  the  tree  weighed  one  handled  and 
sixty-nine  pounds  three  ounces,  sod  die  earth 
in  whidi  it  had  vegetated  was  found  to  have 
suffered  a  loss  of  no  more  than  three  ooBces. 
Boyk  repeated  the  same  experiment  upon  a 
plant,  which  at  the  end  of  two  years  weighed 
fourteen  pounds  more,  without  the  eardi  in 
wliich  it  nad  vegetated  having  lost  any  pa- 
e^tibie  portion  of  its  weight 

Messrs.  Duhamd  and^  Bonnet  supported 
plants  with  moss,  and  fed  them  with  mere 
water :  they  observed,  that  the  vegetation  was 
of  the  most  vigorous  kind ;  and  the  naturalist 
of  Geneva  ohserves,  that  the  fiowen  woe 
more  odoriferous,  and  the  fruit  of  a  h^her 
flavour.  Care  was  taken  to  change  the  sup- 
ports  before  they  could  sufiier  any  alteiatioa. 
Mr.  TiUet  has  likewise  raised  plants,  more 
especially  of  the  gramineous  kind,  in  a  simi- 
lar  manner,  with  this  difference  only,  that  his 
supports  were  pounded  glass,  or  quaitt  in 
powder.  Hales  has  observed,  that  a  plant, 
which  weighed  three  pounds,  guned  three 
ounces  after  a  heavy  dew.  Do  we  not  evecy 
day  observe  hyacinths  and  other  bulbous 
plants,  as  wdl  as  gramineous  plants,  nused 
in  saucers  or  bottles  containing  m(»e  water  ? 
And  Braconnot  has  latdy  found  mustard- 
seed  to  germinate,  grow,  snd  produce  plants, 
that  came  to  maturity,  flowered,  and  ripened 
thdr  seed,  in  litharge,  flowers  of  sulphur,  and 
very  small  unglazed  shot  The  last  i^peared 
least  favourable  to  the  growth  of  the  plants, 
apparently  because  their  roots  could  not  pene- 
trate between  it  so  easily. 

All  plants  do  not  demand  the  same  quan- 
tity of  water;  and  luture  has  varied  die  oigaas 
of  the  several  in^vidoals  confbnnably  to  the 
necessity  of  thdr  being  supplied  whh  this 
food.  Plants  which  transpire  little,  sodi  as 
the  mosses  and  the  lichens,  have  no  need  of  a 
considerable  quantity  of  this  fluid ;  and,  ac- 
cordingly,  they  are  fixed  upon  drv  rocks,  and 
have  scarcdy  any  roots;  but  plants  which 
lequhs  a  larger  quantity,  have  roots  which 
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•itiesd  to  a  great  diatanee,  and  absorb  homio 
dlty  throughout  their  whole  surface. 

The  leaves  of  plants  have  likewise  the  pro- 
perty of  absorbing  water,  and  of  extracting 
from  the  atmosphere  the  same  principles  which 
the  root  draws  from  the  earth.  But  planta 
which  live  in  the  water,  and  as  it  were  swim 
in  the  element  which  serves  them  for  food, 
have  no  need  of  roots ;  they  receive  the  fluid 
at  all  their  pores;  and  we  accordingly  find, 
that  the  fiicus,  the  ulva,  &c.  have  no  roots 
whatever. 

The  dung  which  is  mixed  with  earths,  and 
decomposed,  not  only  affords  the  alimentary 
principles  we  have  npoken  of,  but  likewise 
favours  the  growth  or  the  plant  by  that  con- 
atant  and  steady  heat  whidi  its  ulterior  de« 
composition  produces.  Thus  it  is  that  Fabroni 
afl&nna  his  having  observed  the  development 
of  leaves  and  flowers  in  that  pan  of  a  tree 
only  which  was  in  the  vicinity  of  a  heap  of 
dung. 

From  the  preceding  circumstances,  it  ap- 
pears, that  the  influence  of  the  earth  in  vege. 
tadon  is  almost  totally  confined  to  the  con- 
veyance of  water,  and  probably  the  elastic 
products  from  putrefying  substances,  to  the 
plant. 

Vegetables  cannot  live  without  air.  From 
the  experiments  of  Priestley,  Ingenhousz,  and 
Sennebier,  it  is  ascertained,  that  plants  absorb 
the  azodc  part  of  the  atmosphere;  and  this 
principle  appears  to  be  the  cause  of  the  fertility 
which  arises  ftom  the  use  of  putrefying  mat- 
ters in  the  form  of  manure.  The  carbonic 
add  is  likewise  absorbed  by  vegetables,  when 
its  quantity  is  small  If  in  large  quantity,  it 
is  fiital  to  them. 

Chaptal  has  observed,  that  carbonic  add 
predominates  in  the  fungus,  and  other  subter- 
raneous plants.  But  by  causing  these  vegeta- 
bles,  together  with  the  body  upon  which  they 
were  fixed,  to  pass,  by  imperceptible  grada- 
tions,  from  an  ahnost  absolute  darkness,  into 
the  light,  the  add  very  nearly  disappeared ;  the 
vegetable  fibres  being  proportionally  increased, 
at  the  same  dme  that  the  resin  and  cokiuring 
prindples  were  developed,  which  he  ascribes 
to  the  oxygen  of  the  same  add.  Sennebier 
has  observ^  that  the  plants  which  he  watered 
with  water  impregnated  with  carbonic  add 
transpired  an  extraordinary  quantity  of  oxygen, 
which  likewise  indicates  a  decomposition  of  the 
acid. 

Light  is  almost  absolutely  necessary  to 
plants.  In  the  dark  they  grow  pale,  languish, 
Md  die.  The  tendency  St  plants  toward  the 
light  is  remarkably  seen  in  such  vegetation  as 
Is  effected  in  a  chamber  or  place  where  the 
light  IS  admitted  on  one  side ;  for  the  plant 
never  fklls  to  grow  in  that  direction.  Whether 
the  matter  of  f^ht  be  condensed  into  the  sub- 
•tanoe  of  plants,  or  whether  it  act  merdy  as 
« itimnliis  or  agcDt,  without  which  die  cither 


requisite  Ghemieal  prooetses  cannot  be  efiecled, 
is  uncertain. 

It  is  ascertained,  that  the  processes  in  plants 
serve,  like  those  in  anunals,  to  produce  a  more 
equable  temperature,  which  is  for  the  most  part 
above  that  of  the  atmosphere.    I>r.  Hunter, 

auoted  by  Chaptal,  observed,  by  keeping  a 
lermometer  jnunged  in  a  hole  made  in  a 
sound  tree,  that  it  constantly  indicated  a  tem- 
perature several  degrees  above  that  of  the 
atmosphere,  when  it  was  below  the  fifty-sixth 
division  of  Fahrenltdt ;  whereas  the  vegetable 
heat,  in  hotter  weather,  was  always  several 
degrees  below  that  of  the  atmosphere.  The 
same  philosopher  has  likewise  observed,  that 
the  sap  which,  out  of  the  tree,  would  fteeze  at 
32«,  did  not  fi^e  in  the  tree  unless  the  cold 
were  augmented  15^  more. 

The  vegetable  heat  may  increase  or  di- 
minuh  by  several  causes,  of  the  nature  of 
disease ;  and  it  may  even  become  perceptible 
to  the  touch  in  very  cold  weather,  aooGoding 
to  Buffou. 

The  prindples  of  which  vegeubles  are  com- 
posed,  if  we  pursue  their  analysis  as  far  as 
our  means  have  hitherto  allowed,  are  chiefly 
carbon,  hydrogen,  and  oxygen.  Nitrogen  is 
a  constituent  prindple  of  several,  but  for  the 
most  part  in  small  quantity.  Potash,  soda, 
lime,  magnesia,  silex,  alumina,  sulphur, 
phosphorus,  iron,  manganese,  and  muriatic 
add,  have  likewise  been  reckoned  in  the  num- 
ber ;  but  some  of  these  occur  only  occasionally, 
and  chiefly  in  very  small  quantities ;  and  are 
scarcely  more  eitided  to  be  considered  as  be- 
longing  to  them  than  gold,  or  some  other  sub- 
stances, that  have  beoi  occasionally  procured 
ftom  their  decomposition. 

The  following  ata  the  prindpal  products  of 
vegetation : — 

1.  Sugar.    Crystallizes.    Soluble  in  water  - 
and  alcohoL    Taste  sweet.    Soluble  in  nitric 
add,  and  yields  oxalic  acid. 

2.  SarcocoL  Does  not  crystaUixe.  Soluble 
in  water  and  alcohol  Taste  bitter  sweet.  Solu- 
ble  in  nitric  add,  and  yields  oxalic  acid. 

3.  Asparagin.  Crystallizes.  Taste  cooling 
and  nauseous.  Soluble  in  hot  water.  Inso- 
luble in  alcohoL  Soluble  in  nitric  add,  and 
converted  into  bitter  prindple  and  artificial 
tannin. 

4.  Gum.  Does  not  crystallixe.  Taste  in- 
sipid. Soluble  in  water,  and  forms  mudlage. 
Insoluble  in  alcohoL  Precipitated  by  sHicated 
potash.  Soluble  in  nitric  acid,  uid  forms 
mucous  and  oxalic  adds. 

dt  Ulmifi.  Does  not  crystallize.  Taste 
insipid.  Soluble  in  water,  and  does  not  form 
mucilage.  Predpitated  by  nitric  and  oxymu- 
riatic  Mids  in  the  state  of  resin.  Insoluble  in 
alcohol. 

6.  Jnulin.  A  white  powder.  Insoluble  in 
cold  water.  Soluble  in  boiling  water;  but 
predpiutes  unalteRd  after  the  solution  cods., 
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loMlnbte  in  akdhdl.    Sofaifale  in  iiitiic  add, 
and  yields  oxalic  add. 

7.  Stardu  A  white  powder.  Taste  insipid. 
Insoluble  in  cold  water.  Soluble  in  hot  water ; 
opaque  and  glutinous.  Precipitated  by  an 
infusion  of  nutgalls ;  predpitate  redissaolved 
by  8  heat  of  120<*.  Insoluble  in  aloohoL 
Soluble  in  dilute  nitric  add,  and  piedpitated 
by  akohol.  With  nitric  acid  yields  oxalic 
add  and  a  waxy  matter. 

8.  Indigo.  A  blue  powder.  Taste  insipid. 
Insoluble  in  water,  alcohol,  ether.  Soluble 
in  sulphuric  acid.  Soluble  in  nitric  add,  and 
ooDverted  into  bitter  principle  and  artificial 


9.  Gluten.  Forms  a  ductile  elastic  mass 
with  water.  Partially  soluble  in  water ;  pre- 
cipitated  by  infusion  of  nutgalls  and  oxygen- 
ixed  moriatie  acid.  Soluble  in  acetic  add  and 
muriatic  add.  Insoluble  in  alcohoL  By  fer. 
mentation  becomes  visdd  and  adhesive,  and 
then  assumes  the  properties  of  dieese.  Soluble 
in  nitric  add^  and  yields  oxalic  add. 

10.  Aibumen.  Soluble  in  cold  water. 
Coagulated  by  heat,  and  becomes  insduble. 
Ins&ible  in  aloohoL  Predpitated  by  inAxdon 
of  nutgalls.  Soluble  in  nitric  acid.  Soon 
putrefies. 

11.  FibrhL  Tasteless.  Insoluble  in  water 
and  aleohoL  Soluble  in  ^uted  alkalis,  and 
in  nitric  add.    Soon  putrefies. 

12.  Gelatin.  Innpid.  Soluble  in  water. 
Does  not  coagulate  when  heated.  Predpitated 
by  infusion  df  galls. 

13.  Bitter  principle.  Colour  yellow  or 
brown.  Taste  bitter.  Equally  soluble  in 
water  and  alcohoL  Soluble  in  nitric  add. 
Predpitated  by  nitrate  of  silver. 

14.  Extractive.  Sobble  in  water  and  al- 
eohol.  Insoluble  in  ether.  Precipitated  by 
oxygenised  muriatic  add,  muriate  of  tin,  and 
muriate  of  alumina ;  but  not  by  gelatin.  Dyes 
fiiwn  colour. 

15.  Tamtin.  Taste  astringent  Soluble  in 
water  and  in  alcohol  of  0-810.  Predpitated 
by  gelatin,  muriate  of  alumina,  and  muriate 
of  tin. 

16.  Fixed  oils.  No  smell.  Insoluble  in 
water  and  aloohd.  Forma  soaps  with  alkalis. 
Coagulated  by  earthy  and  metallic  salts. 

17*  Wax.  Insoluble  in  water.  Soluble 
in  alcohol,  ether,  and  oils.  Fonns  soap  with 
alkalis.     Fusible. 

18.  Volatile  oiL  Strong  smdl.  Insoluble 
in  water.  Soluble  hi  dcofaoL  Liquid. .  Vo- 
latile.  Oily.  By  nitric  add  inflamed,  and 
eonverted  into  reshions  substances.  ^ 

19.  Camphor.  Strong  odour.  Crystal- 
liaes.  Very  little  soluble  in  water.  Soluble 
in  aleohol»  oils,  adda  Insoluble  in  alludis. 
Bums  with  a  dear  flame,  and  volatiliaea  be- 
fore mdting. 

SO.  Birdlime.  Viscid.  Taste  insipid. 
Insoluble   in    water.      Partially  solublo    hi 


Very  solable  in  ellieE. 

green. 

21.  Resin*.  Solid.  M^  when  heated. 
Insoluble  in  water.  Soluble  in  alcohol,  ahes. 
and  alkalis.  Soluble  in  acetic  acid.  By  aith; 
add  converted  uito  artificial  tanniii. 

22.  Gmiacum.  Possesses  the  cfaasadefs  «f 
resins;  but  dissolves  in  nitric  add,  and  yiddi 
oxalic  add  and  no  tannin. 

23.  BaUanu.  Possess  the  chazactcn  of  t^c 
resins,  but  have  a  strong  smdl ;  when  heitni. 
benzoic  acid  sublimes.  It  sublimea  also  vbeo 
Aey  are  dissolved  in  sulphuric  acid*  By  niirir 
add  converted  into  artificial  tammi. 

24.  CaouUhouc  Vay  elastic^  Insolsbk 
in  water  and  aloohoL  When  steeped  in  ether, 
reduced  to  a  pulp,  which  adheres  to  every 
thing.  Fusible,  and  remaina  liquid.  Vay 
combustible. 

2&  Oum  resint.  Form  milky  aofaitiani 
with  water,  transparent  with  akohoL  So- 
luble in  alkalis.  With  nitric  acid  uaiveiiwi 
into  tannin.  Strong  smelL  Brittle,  opaqae. 
infusible. 

28.  Cotton.  Composed  of  fibres.  Tastaien. 
Very  combustible.  Insoluble  in  wats,  ako- 
hol, and  ether.  Soluble  in  a&alis.  Vidtk 
oxalic  add  to  nitric  add. 

27.  Suber.  Bums  bright,  and  swcOa.  Con- 
verted by  nitric  add  into  suberic  acid  and  wax. 
Partially  soluble  in  water  and  aJoohoL 

28.  Wood.  Composed  of  fibres.  TbudaaL 
Insoluble  in  water  and  alcohoL  Soiahfe  in 
weak  allcaline  lixivium.  Predpitated  by 
adds.  Leaves  mudi  charcoal  when  diaiBfd 
in  a  red  heat  Soluble  in  nitric  add,  sod 
yields  oxalic  add. 

To  the  preceding  we  may  add,  eme^ 
fungin,  hematin,  niootin,  pdUenln;  €be  new 
vegetable  alkalis,  aoonita,  alrapia,  brads, 
dcuta,  datura,  ddphia,  hyosdama,  morphia, 
picrotoxia,  strychnia,  veratria ;  and  the  vbiknis 
vegetable  ad^  enumerated  nnder  the  geoeni 
ardde  Acn>. 

MM.  Dumas  and  Pelletier  published  a  long 
and  able  memoir  on  the  denoentaiy  ooraposi. 
tion  and  certain  characteristic  properties  ef 
the  organic  salifiable  bases  (v^eto^alkafis), 
in  the  24th  volume  of  the  AmuUes  de  Cftim. 
et  Phye.  p.  163,  which  was  read  to  the  Aca. 
demy  of  Sciences,  Ikh  May,  1823.  The  fol. 
lowing  is  a  tabular  view  of  the  reiationi  of 
(Mil)on  and  aaote  in  these  alkaline  bodies. 
Carbonic  scid.        Asote. 
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5.1 

Cmdionia,      100 
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Strychnia,       100 
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Narootine,      100 
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Morphia,        100 
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ttatod  hia  doubts  of  the  pTe-exbtence  of  of^gnic 
alkalis  in  vegetables ;  and  he  conjectures  that 
they  were  produced  by  the  re.4u;tion  of  alkaline 
substances  on  certab  immediate  products  of 
plants,  and  more  particularly  on  what  may  be 
named  the  resinous  principle  or  resinoide. 
The  ammonia  existing  in  many  vegetables 
may  be  supposed  to  be  an  active  agent  in 
such  a  tFao^armation.— ^anaftr#  de  CMmky 
XXXL67- 

VKOETATION  (SAUNE).  M.Chap- 
tal  has  given  us  a  good  memoir  on  this  sub- 
Ject,  in  the  Journal  dc  Physique  for  October 
1788,  entitled  Observations  on  the  Influence 
of  the  Air  and  Light  upon  the  Vegetation  of 
Salts. 

In  the  operations  in  the  large  way,  of  his 
manufactory  of  medical  and  chemical  products, 
he  often  observed  that  salts,  particularly  the 
metallic,  vegetated  on  the  side  most  exposed 
to  the  light;  and  the  frequency  of  the  effect 
Induced  him  to  make  some  direct  experiments 
on  the  subject  For  this  purpose  he  took 
several  capsules  of  ghtfb,  and  covered  the  half 
of  each,  as  well  above  as  bdow,  with  black 
silk.  At  the  same  time,  he  prepared  sdutioos 
of  almost  sU  the  earthy,  alkalhie,  or  metallic 
compound  salts  in  distilled  water,  at  the  tem- 
perature of  the  atmosphere.  These  capsules 
were  placed  on  tables  in  a  well  closed  cham- 
ber, which  had  no  chimney,  and  of  which  the 
doors  and  windows  were  carefully  stopped  up, 
in  order  that  the  evaporation  might  not  be 
hastened  by  any  agiution  of  the  air.  Reflected 
light,  by  which  I  understand  the  light  from 
the  clouds,  was  admitted  through  a  small  aper- 
ture  in  ooe  of  the  wlndow^shutters.  By  this 
management,  as  well  ss  the  disposition  of  the 
capsules,  one^half  of  each  of  their  respective 
cavities  received  light  from  the  aperture,  and 
the  other  was  almost  perfectly  in  darkness. 
The  solutions  were  then  carefully  poured  into 
the  capsules  by  means  of  a  funnel  resting  on 
the  middle  of  the  bottom,  so  that  the  border 
of  the  fluid  was  neat  and  uniform,  without  any 
insgularity  or  drop  of  the  fluid  fidliog  on  thie 
bare  sorfisoe  of  the  glass. 

Upwards  of  two  hundred  experiments  were 
made,  with  variations  of  the  principal  tri^ 
so  as  to  leave  no  doubt  with  regard  to  the 
constancy  of  the  results.  The  most  remaric- 
able  fact  is,  that  the  vegetation  took  place  on 
those  surfaces  only  which  were  illuminated. 
This  phenomenon  was  so  striking  in  roost  of 
the  solutions,  that  in  the  space  of  a  few  days, 
and  frequently  even  within  one  single  day,  the 
salt  was  elevated  several  lines  above  the  uquor 
upon  the  enlightened  surface,  while  there  did 
not  appear  the  snoaUest  arutt  or  edge  on  the 
dark  part.  Nothing  could  be  more  interesting 
thsn  to  observe  this  vegetation,  projecting 
frequently  more  6)tn  an  inch,  and  marking 
the  line  m  distinction  between  the  illuminated 
and  dark  parts  of  the  vesseL  The  sulphates 
of  iron,  of  doc,  and  other  metals,  more 


espedally  presented  this  appeanaee.  It  was 
generally  observed,  that  the  vegetation  was 
strongest  toward  the  most  enlightened  part. 

This  phenomenon  may  be  rendered  still 
more  interesting,  by  dhrecting  thd  vegetation 
at  pleasure  toward  the  different  pans  of  the 
vessel.  For  this  purpose,  nothins  more  Is 
requhfed  than  to  cover  the  several  parts  in 
succession.  For  the  vegetatum  always  takes 
place  in  the  enlightened  parts,  and  quickly 
ceases  in  that  which  is  covered. 

When  the  same  solution  has  stood  for  seve- 
ral days,  the  insensible  evaporation  gradually 
depresses  its  surface,  and  a  crust  or  edge  w 
salt  is  left  in  the  obscure  part. .  But  the  salt 
never  rises,  or  at  least  very  imperfectly,  above 
the  liquor,  and  cannot  be  compaved  with,  the 
true  vegetation. 

When  saks  are  suffered  to  vegetate  in 
this  manner,  the  spontaneous  evaporation  of 
the  fluid  affords  very  few  crystals.  All  the 
saline  matter  extends  itself  on  the  sides  of  the 


VEINS.  The  ores  of  met>:ls  are  frequently 
found  to  fill  certain  defb  in  mountains.  These 
masses,  when  they  run  out  in  length,  are  called 
veins.  Inoonsidecable  veins,  which  diverge 
from  the  principal,  are  called  slips ;  and  suoi 
masses  of  ore  as  are  of  considerable  magni- 
tude, but  no  great  length,  are  called  belUes, 
or  stocluworks. 

VERATRIA.  A  new  vegetable  alkali, 
discovered  lately  by  MM.  PeUetier  and  Ca- 
ventou,  in  the  veratrum  tabatUla  or  cevadUla, 
the  veratrum  album  or  white  hellebore,  and 
the  colchicum  autmn$kUe  or  meadow  saffion. 

The  seeds  of  cevadiUa,  af^  being  f^eed 
from  an  unctuous  and  acrid  matter  by  ether, 
were  digeated  in  boiling  alcohoL  As  this 
infusion  cooled,  a  little  wax  was  deposited; 
and  the  liquid  bemg  evaporated  to  an  extract, 
redissolved  in  water,  and  again  cooceutrated 
by  evaporadon,  parted  with  its  colouriug 
matter.  Acetate  of  lead  was  now  poured 
into  the  solution,  and  an  abundant  yellow 
pecipitate  fell,  leaving  the  fluid  nearly  colour- 
leas.  The  excess  of  lead  was  thrown  down 
by  sulphuretted  hydrogen,  and  the  filtered 
liquor  being  concentrated  by  evaporation,  was 
treated  with  magnesia,  and  again  filtered.  The 
precipitate,  boiled  in  alcohol,  gave  a  solution, 
which,  on  evaporation,  left  a  pulverulent  mat- 
ter, extremely  bitter,  and  with  decidedly  alka- 
line chaneters.  It  was  at  first  yellow,  but  by 
solution  in  aloohol»and  precipitation  by  water, 
was  obtained  in  a  fine  white  powder. 

The  precipitate  by  the  acetate  of  lead  gave, 
on  examination,  gallic  acid ;  and  hence  it  is 
concluded  that  the  new  alkali  existed  in  the 
seed  as  a  gallate. 

Veratria  was  found  in  the  other  plants  above 
mentioned.  It  is  white,  pulverulent,  has  no 
odour,  but  excites  violent  sneesdog.  It  is  very 
acrid,  but  not  bitter.  It  produced  violent 
vomiting  m  very  small  doses,  and,  according 
3£  2 
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to  lOBB*  experinienU;  a  few  grainn  may  cauM 
death.  It  fs  fay  little  soluble  in  cold  water. 
BoUing  Water  disaolves  about  y^  part,  and 
beoomea  acrid  to  the  taste.  It  is  very  soluble 
in  alcohol,  &mi  rather  less  soluble  in  ether.  It 
fu^es  at  1229  F.,  and  then  appears  like  wax. 
On  cooling,  it  becomes  an  amber-coloured 
translucent  mass.  Heated  more  highly,  it 
swells,  deeompoiies,  and  bums.  Decomposed 
by  oxide  of  copper,  it  gave  no  trace  of  azote. 
Ic  acts  on  test  papers  like  an  alkali,  and  forms 
salts  nncrystallizable  by  evaporation.  The 
salts  appear  like  a  gum.  Tlie  supersulphate 
only  seems  to  present  crystals.  Strong  solu. 
tions  of  these  salts  are  partially  decomposed  by 
water.  Veratria  falls  down,  and  the  solution 
becomea  acid.  The  bisulphate  appears  to  con- 
sist  of, 

Veratria,  93-723     100 

Sulphuric  add,      6-227        6-6441 
The  muriate  is  composed  of, 

Veratria,  95-8600     100 

MuriaUcacid,      4-1394         4  3181 
Iodine  and  chlorine  produce  with  veratria  an 
iodate,  hTdriodate,  chloride,  and  muriate. 
VERDIGRIS.  A  crude  acetate  of  copper. 
Mr.  Phillips  has  lately  published  the  fol- 
lowing analyses  of  verdigris. 

French.        Enclish. 
Acetic  add,  29*3        29-62 

Peroxide  of  copper,     43-5        44-25 
Water,  262        25.61 

Impurity,  2*0  0-62 

1000       10000 
Phmpi  Annah,  No.2\. 

VERDITER  is  a  blue  pigment,  obtained 
by  adding  chalk  or  whiting  to  the  solution  of 
copper  in  aquafortis.  Dr.  Merret  sayA,  that 
it  is  prepared  in  the  following  manner:  a 
quantity  of  whiting  ■4s  put  into  a  tub,  and 
upon  this  the  solution  of  the  copper  is  poured. 
The  mixture  is  to  be  stirred  every  day  for  some 
hours  together,  till  the  liquor  loses  its  colour. 
The  liquor  is  then  to  be  poured  oiF,  and  more 
solution  of  copper  is  to  be  added.  This  is  to 
be  repeated  til!  the  whiting  has  acquired  the 
proper  colour.  Then  it  is  to  be  spread 
on  large  pieces  of  chalk,  and  dried  in  the 
sun. 

It  appears  from  M.  Pelletter's  analysis, 
that  100  grains  of  the  very  best  verditer  con- 
tain,  of  carbonic  acid  30,  of  water  3^,  of  pure 
lime  7,  of  oxygen  9f,  and  of  pure  copper  60. 
The  author  remarks,  that  the  verditers  o^ 
inferior  quality  contain  more  chalk  and  less 
copper. 

VERJUICE.  A  kind  of  harsh,  austere 
vinegar,  made  of  the  expressed  juice  of  the 
wild  apple,  or  crab.  The  French  give  this 
name  to  unripe  grapes,  and  to  the  sour  liquor 
obtained  from  them. 

VEAMILION.  Theicdsulphuretofmer- 
CU17,  or  cinnabar. 


VESSELS  (CHEHlCALr).     Se*  Appa. 

BATUS. 

VESUVIAN.  /rfocrfljfof  Hauy;  a  sub. 
spedes  of  pyramidal  garnet.  Ckilonrs  grcca 
and  brown.  Massive,  diaseminated,  asid 
crystallized.  Primitive  form,  a  pyrainid  of 
1290  30^  and  74«  12^.  The  following  aeooo. 
dary  fbrms  occur;  a  rectang;ular  fDttr.&ided 
prism  variously  acuminated,  bevdied  or  tmfi. 
catcd.  The  lateral  planes  of  the  pnsm  an 
longitudinally  streaked.  Glistening  Titreo- 
resinous.  Cleavage  imperfect,  but  in  die  di- 
rection  of  the  diagnonals.  Fracture  small 
grained  uneven.  Translucent.  Re&acts  dou- 
ble. Scratches  felspar.  Brittle.  8p-  gr.  3l3 
to  3-4.  It  becomes  electrical  by  fricdoo.  Be- 
fore  the  blowpipe  it  melts  without  addition 
into  a  yellowish,  and  fiuntly  tranatncent 
glass.  Its  constituents  are,  silica  35-5,  hmc 
33,  alumina  22-26,  oxide  of  iron  7-5,  oxide 
of  manganese  0-25,  loss  1.5. — K/aproth.  It 
occurs  in  considerable  abundance,  in  unaltered 
ejected  rocks,  in  the  vidnity  of  Vesuvins.  The 
rare  blue  variety  is  foAd  at  Sonland,  in  Td- 
lemark,  in  Norway.  At  Naples  it  b  cat  into 
ring-stones. 

VINEGAR.  See  Fermewtatiojf 
(Acetous  ;  and  also  Ackd  (Acetic), 
where  the  mode  of  making  it  ia  given. 

VINEGAR  FROM  WOOD.  M.  Ssolo, 
apothecary  at  Halle,  has  discovered  a  method 
of  purifying  vinegar  from  wood,  by  treatirgit 
with  stilphuric  acid,  manganese,  and  comixroa 
salt,  and  afterwards  distilling  it  over. 

VINEGAR  OF  SATURN.  Sohition  of 
aceUte  of  lead. 

VINEGAR  (RADICALV    Accdc  add. 

VIOLIN E.  A  supposed  new  vegrto- 
alkali,  thought  to  exist  in  the  xnoia  odonrfa. 
It  has  properties  analogous  to  emetine,  and 
may  be  extracted  from  me  root,  leaves,  flow, 
ers,  and  seeds  of  the  plant — Journ.  dt  Pharm, 
Jan.  1824. 

VITAL  AIR.    SeeOxTOEK. 

VITRIFICATION.  See  Glass;  ako 
Silica. 

VITRIOL,  bine,  green,  red,  yghUe.  See 
Ores  of  Copper,  Irox,  Cobalt,  Zikc 

VITRIOLIC  ACID.    See  Acid  (Scl- 

PHtJRlC). 

VIVIANITE.    Phosphate  of  iron. 

VOLATILE  ALKALL   See  Ajcmostia. 

VOLATILITY.  The  property  of  bodies 
by  which  they  are  disposed  to  aasnine  the 
vaporous  or  elastic  state,  and  quit  the  vessels 
in  which  they  are  placed. 

VOLCANOES.  ThecombastioDofdMAe 
enormous  maaset  of  bitumen  which  are  de- 
posited  in  the  bowels  of  the  earth  produces  vol- 
canoes. They  owe  their  origin  more  cm- 
dally  to  the  strata  of  pyritons  ooaL  The 
decomposition  or  action  of  water  apon  the 
pyrites  determines  the  heat,  and  Che  prodnc 
tion  of  a  grest  quanuty  of  hydrogen,  which 
exerts  itself  against  the  furrooxKling  obstacles, 
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and  at  length  brealu  (hem.  This  effect  iqipean 
to  be  the  chief  cauite  of  earthquakes;  but 
when  the  concoune  of  air  facilitates  the  com- 
bustion of  tlie  bitumen  and  the  hydrogen,  the 
flame  is  seen  to  ii»ue  out  of  the  chimneys  or 
vents  which  are  made ;  and  this  occas^ns  the 
fire  of  volcanoes. 

There  are  many  volcanoes  still  in  an  active 
state  on  our  globe,  independent  of  those  of 
Italy,  which  are  the  most  known.  The  Abb^ 
Chappe  has  described  three  burning  in  Sibe- 
ria. Anderson  and  Von  Troil  have  described 
those  of  Iceland;  Asia  and  Africa  contain 
several  {  and  we  find  the  remains  of  these  fires 
or  volcanic  products  in  all  parts  of  the  globe. 

Naturalists  infonn  us  that  all  the  southern 
islands  have  been  volcanized ;  and  they  are 
seen  daily  to  be  formed  by  the  action  of  the«e 
subterraneous  fires.  The  black  colour  of  the 
stones,  their  spongy  texture,  the  other  pro- 
ducts of  fire,  and  die  identity  of  these  sub- 
stances with  those  of  the  volcanoes  at  present 
burning,  are  all  in  favour  of  the  opinion  that 
their  origin  was  the  same. 

When  the  decomposition  of  the  pyrites  is 
advanced,  and  the  vapours  and  elastic  fluids 
can  no  longer  be  contained  in  the  bowels  of 
the  eartli,  me  ground  b  shaken,  and  exhibits 
the  phenomenon  of  earthquakes.  Mephitic 
vapours  are  multiplied  on  the  surface  of  the 

f  round,  and  dreadful  hollow  noises  are  heard, 
n  Iceland  the  rivers  and  springs  are  swal- 
lowed up ;  a  thick  smoke,  mixed  with  sparks 
and  lightning,  is  then  disengaged  from  the 
crater ;  and  naturalists  have  observed,  when 
the  smoke  of  Vesuvius  takes  the  form  of  a 
pine,  the  eruption  is  near  at  hand. 

To  these  preludes,  which  show  the  internal 
agitation  to  be  great,  and  that  obstacles  oppose 
the  issue  of  the  volcanic  matters,  succeeds  an 
eruption  of  stones  and  other  products,  which 
the  lava  drives  before  it ;  and,  lastly,  appears 
a  river  of  lava,  which  flows  out,  and  spreads 
itsdf  down  the  side  of  the  mountain.  At  this 
period  the  calm  is  restored  in  the  bowels  of 
the  earth,  and  the  eruption  continues  without 
earthquakes.  The  violent  effbrts  of  the  in- 
cluded matter  sometimes  cause  the  sides  of  the 
motmtain  to  open ;  and  this  is  the  cause  which 
has  successively  formed  the  smaller  mountains 
that  surround  volcanoes.  Alontenuevo,  which 
is  a  hundred  and  eighty  feet  high,  and  three 
diousand  in  breadth,  was  formed  in  a  night. 

This  crisis  is  sometimes  succeeded  by  an 
eruption  of  ashes,  which  darkens  the  air. 
These  ashes  are  the  last  result  of  the  altera, 
tion  of  the  coals;  and  the  matter  which  is 
first  thrown  out  is  that  which  the  heat  has 
hfdf  vitrified.  In  the  year  1767  the  ashes  of 
Vesuvius  were  earned  twenty  leagues  out  to 
sea,  and  the  streets  of  Naples  were  covered 
irith  them.  The  report  of  Dion,  concerning 
the  eruption  of  Vesuvius  in  the  reign  of  Titus, 
wherein  the  anhes  were  carried  into  Africa, 
£gypt,  and  Syria,  leema  to  be  fabulous.    M. 


de  Saussure  observes,  that  the  soil  of  Rome 
is  of  this  character,  and  that  the  famous  cat*, 
combs  are  aU  made  in  the  volcanic  ashes. 

It  must  be  admitted,  however,  that  the 
force  with  which  all  these  products  are  thrown 
is  astonishing.  In  the  year  1769,  a  stone, 
twelve  feet  high  and  four  in  circumference, 
was  thrown  to  the  distance  of  a  quarter  of  a 
mile  from  the  crater :  and  in  the  year  1771 
Sir  William  Hamilton  observed  stones  of  an 
enormous  size,  which  employed  eleven  seconds 
in  falling.  This  indicates  an  elevation  of  near 
two  thousand  feet. 

The  eruption  of  volcanoes  is  frequently 
aqueous;  the  water  which  is  confined,  and 
favours  the  decomposition  of  the  pyrites,  is 
sometimes  strongly  thrown  out.  Sea  salt  is 
found  among  the  ejected  matter,  and  likewise 
sal  ammoniac.  In  the  year  1630,  a  torrent 
of  boiling  water,  mixed  widi  lava,  destroyed 
Portici  and  Torre  del  Greco.  Sir  W.  Hamil- 
ton  saw  boiling  water  ejected.  The  springs  of 
boiling  water  in  Iceland,  and  aU  the  hot  springs 
which  abound  at  the  surface  of  the  globe,  owe 
their  heat  only  to  the  decomposition  of  py- 
rites. 

Some  eruptioos  are  of  a  muddy  substance ; 
and  these  form  the  tuffa  and  the  pouzzolano. 
The  eruption  which  buried  Herculaneum  is  of 
this  kina.  Sir  W.  Hamilton  found  an  antique 
head,  the  impression  of  which  was  well  enough 
preserved  to  answer  the  purpose  of  a  mould. 
Herculaneum  at  the  least  depth  is  seventy  feet 
under  the  surface  of  the  ground,  and  in  many 
places  one  hundred  and  twenty. 

The  pouzzolano  is  of  various  colours.  It  is 
usually  reddish,  sometimes  gray,  white,  or 
green :  it  frequendy  consists  of  pumice-stone 
in  powder;  but  sometimes  it  is  fonned  of 
oxided  clay.  One  hundred  parts  of  red  pouz- 
zolano aflforded  Bergmann  silex  55,  alumina 
20,  lime  5,  iron  20. 

When  the  lava  is  once  thrown  out  of  the 
crater,  it  rolls  in  large  rivers  down  the  side  of 
the  mountain  to  a  certain  dbtance,  which  forms 
the  currents  of  lava,  the  volcanic  causeways, 
&C.  The  surface  of  the  lava  cools,  and  fonns 
a  solid  crust,  under  which  the  liquid  lava 
flows.  After  the  eruption,  this  crust  some- 
times remains,  and  iorms  hollow  galleries, 
which  Messrs.  Hamilton  and  Ferber  have  vi- 
sited ;  it  is  in  these  hollow  places  that  the  sal 
ammoniac,  the  muriate  of  soda,  and  other 
substances  sublime.  A  lava  may  be  turned 
out  of  its  course  by  opposing  banks  or  dykes 
against  it:  this  was  done  in  1669  to  save 
Catania;  and  Sir  William  Hamilton  proposed 
it  to  the  king  of  Naples  to  preserve  Portici. 

The  currents  of  lava  sometimes  remain 
several  years  in  cooling.  Sir  William  Hamil- 
ton observed,  in  1769,  that  the  lava  which 
flowed  in  1766  was  still  smoking  in  some 
places.     . 

Lava  is  sometimes  swelled  up  and  porous. 
The  lightest  is  called  pumicc-sione. 
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The  tubstances  tbrown  out  by  voloinoa 
IK  not  altered  by  fixe.  They  eject  native 
Bubatancei,  such  as  qaartz,  ciystals  of  *ame- 
tbyst,  agate,  gypsum,  amianthus,  feLspar, 
mica,  shells,  s^orl,  &.c. 

The  fire  of  Tolcasoss  is  seldom  strong 
enouffh  to  vitrify  the  matters  it  throws  out. 
We  know  only  of  the  yellowish  capillary  and 
flexible  glass  thrown  out  by  the  volcanoes  of 
the  island  of  Bourbon,  on  the  14th  of  May 
17^9  (M.  Conomerson),  and  the  lapis  galli- 
naceus  ejected  by  Heda.  Mr.  Egolmgonson, 
who  is  employed  by  the  observatory  at  Copen- 
hagen, has  settled  in  Iceland,  where  he  uses  a 
mirror  of  a  telescope  which  he  has  made  out 
of  the  black  agate  of  Iceland. 

The  slow  operation  of  time  decomposes 
lavas,  and  their  remains  are  very  proper  for 
vegetation.  The  fertile  island  of  Sicily  has 
been  every-where  volcanized.  Chaptal  ob- 
served  several  andent  volcanoes  at  present 
cultivated ;  and  the  line  which  separates  the 
other  earths  firom  the  volcanic  eaith  oonsti- 
tutes  the  limit  of  vegetetion.  The  ground 
over  the  ruins  of  Pompeii  is  highly  culti- 
vated.  Sir  William  Hamilton  considers  sub- 
terranean fires  as  the  great  vehicle  used  by 
nature  to  extract  virgin  earth  out  of  the  bowels 
of  the  gllobe,  and  repair  the  exhausted  surface. 

The  decomposition  of  lava  is  very  slow. 
Strata  of  vegetable  earth,  and  pure  lava,  are 
occasionally  found  applied  one  over  the  other ; 
which  denote  eruptions  made  at  distances  of 
time  very  remote  firom  each  other,  since  in 
some  instances  it  appears  to  have  required 
nearly  two  thousand  years  before  lava  was  fit 
to  receive  the  plough.  In  this  respect,  how- 
ever,  lavas  differ  very  widely,  so  that  our 
reasoning  from  them  must  at  best  be  very 
vague.  An  argument  has  been  drawn  from 
this  phenomenon  to  prove  the  antiquity  of  the 
globe;  but  the  silence  of  the  most  ancient 
authors  concerning  the  volcanoes  of  the  king- 
dom of  France,  of  whidi  we  find  such  fre- 
quent  traces,  indicates  that  these  volcanoes 
have  been  extinguished  from  time  immemo- 
rial ;  a  circumstance  which  carries  their  exisu 
ence  to  a  very  distant  period.  Beside  this, 
several  thousand  years  of  connected  observa- 
tions have  not  afforded  any  remarkable  change 
in  Vesuvius  or  i^^tna :  nevertheless  these 
enormous  mountains  are  all  volcaniied,  and 
consequently  formed  of  strata  applied  one 
upon  the  other.    The  prodigy  becomes  much 


more  striking,  when  wt  observe,  tlua  all  tfir 
surrounding  country,  to  Tery  great  diatsxe^ 
has  been  thrown  out  of  the  bowels  of  the  eartk 

The  height  of  Vesuvius  above  the  level  of 
the  sea  is  three  thousand  six  hundred  and  fifty- 
nine  feet ;  its  circumference  thirty-fonr  ffaoa- 
sand  four  hundred  and  fortj-fbur.  The  height 
of  ^tna  is  ten  thousand  and  thirty-six  feet ; 
and  its  circumference  one  hundred  and  dghty 
thousand. 

The  various  volcanic  products  are  apfdica- 
ble  to  several  uses. 

1.  Pouzzolano  is  of  admirable  voe  for 
building  in  the  water :  when  mixed  whh  Izme 
it  spc^ly  fixes  itself;  and  water  does  sot 
soften  it,  for  it  becomes  continually  baider  and 
harder.  Chaptal  has  proved  that  oxided 
ochres  afford  the  same  advantage  fm  this 
purpose:  they  are  made  into  balls,  and 
baked  in  a  potter's  furnace  in  the  usual 
manner.  The  experiments  made  at  Sette, 
by  the  commissary  of  the  province,  prove, 
that  they  may  be  substituted  with  the  great- 
est advantage  instead  of  die  pouzadano  of 
Italy. 

2.  Lava  is  likewise  susceptible  of  vitiifica. 
tion ;  and  in  this  state  it  may  be  blown  into 
opaque  botdes  of  the  greatest  lightness,  whidi 
Chaptal  says  he  has  done  at  Ereptan  and  at 
Alais.  The  very  hard  lava,  mixed  in  equal 
parts  widi  wocd-ashes  and  soda,  produced, 
he  says,  an  excellent  green  glass.  The  bot- 
des made  of  it  were  only  h^  the  wez^  of 
common  bottles,  and  much  stronger,  as  was 
proved  by  Chaptal's  experiments,  and  those 
which  M.  Joly  de  Fleury  ordered  to  be  made 
under  his  administration. 

3.  Pumice-stone  likewise  hks  its  oaes ;  it  is 
more  especially  used  to  polish  most  bodies 
which  are  somewhat  hard.  It  is  ea^kjed  In 
the  mass  or  in  powder,  according  to  the  in- 
tended purpose.  Sometimes,  after  levigatioo, 
it  is  mixed  with  water  to  render  it  softer. 

VOLCANITE.   Aogite. 

VULPINITE.  Colour  gwyidi-whit& 
Massive.  Splendent  Fracture  foliated.  Fo- 
ments rhomboidaL  In  disdnct  granular  con- 
cretions. Translucent  on  die  edges.  Soft 
Britde.  Sp.  gr.  2*878.  It  melts  easily  hew 
fbre  the  blowpipe  into  a  white  opaque  enameL 
Its  constituents  are,  sulphate  of  lime  92,  silica 
8.  It  occurs  along  with  granular  folisted 
limestone  at  Vulpino,  in  Italy. 


W 


WACKE.      A  mineral  substance  interme- 
diate  between  clay  and  bssalt.    It  is  some- 


crystahi  of  hornblende,  nsemUing  the  i 

ed  crystals  of  lehpar  in  certain  varieties  of 


times  simple ;  but  when  it  inclines  to  baaalt,  porphyry.  It  never  contains  angtte  or  ofivin& 
it  contains  hornblende  and  mica.  It  is  some-  When  it  approadies  to  an  amygdaluid,  it  is 
times  spotted^^and  these  spots  axe  unfonned    vedcular.    Ita  coloar  ia  graemsh-gsey,     " 
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viva  and  ▼euculw.  DulL  Opaque.  Streak 
ahining.  Soft.  Easily  frangible.  Sp,  gr. 
2- 55  to  2-9.  Fuses  like  basalt  It  seldom 
GODtains  petrifactions.  It  occurs  sometimes 
in  beds  and  veins,  and  tbese  veins  contain  very 
vmall  portions  of  ores  of  dilTerent  kimls,  as 
biiiinuuiy  ulTer-glance,  and  magnetic  iron- 
Atone. 

WADD.  Tbis  name  is  given  to  plum- 
bago, or  black  lead. 

WADD,  BLACK.  An  ore  of  manga- 
ueae  found  in  Derbyshire.  It  is  remarkable 
Dor  the  pzopeirty  of  taking  fiie  when  mixed 
with  linseed  oil. 

MTASU.  The  technical  tenn  for  the  fer. 
mented  liquor,  of  whatever  kind,  from  which 
qpirit  is  intended  to  be  distilled.  See  Alco- 
hol and  Distillation. 

WATER.  It  is  scarcely  necessary  to 
give  any  definition  or  description  of  this  uni- 
yersally  known  fluid.  It  is  a  very  tzanspa- 
rent  fluid,  possessbg  a  moderate  degree  of 
a«:tivit7  with  regard  to  organized  substances, 
which  renders  it  friendly  to  animal  and  vege- 
table life,  for  both  which  it  is  indeed  indis- 
pensably necessary.  Hence  it  acts  but  slightly 
on  the  organs  of  sense,  and  is  therefore  said 
to  have  neither  taste  nor  smell.  It  appears  to 
possess  considerable  cbsticity,  and  yields  in  a 
perceptible  degree  to  the  pressure  of  air  in  the 
qondensing  machine,  as  Canton  proved,  by 
including  it  in  an  open  glass  vessel  with  a  nar- 
row nec£ 

The  solubility  or  insolubility  of  bodies  in 
thia  fluid  composes  a  large  part  of  the  science 
of  chemistry.    See  Salt. 

The  habitudes  of  water  with  heat  have 
been  detailed  under  Caloric  and  Tempera-' 
iure^ 

Water  is  not  only  the  common  measure  of 
specific  gravities,  but  the  tables  of  these  may 
be  usefully  employed  in  the  admeasurement 
of  irregular  solids ;  for  one  cubic  foot  is  very 
iwady  equal  to  1000  ounces  avoirdupois.  The 
^umbers  of  the  uble  denoting  the  specific  gra- 
vities do  therefore  denote  likewise  the  number 
of  ounces  avoirdupois  in  a  cubic  foot  of  each 
substance. 

Native  water  is  seldom,  if  ever,  found  per- 
fectly pure.  The  waters  that  flow  within  or 
upon  the  surface  of  the  earth  contain  various 
earthy,  saline,  metallic,  vegetable,  or  animal 
panicles,  according  to  the  substances  over  or 
through  which  they  pass.  Rain  and  snow 
vateiB  are  much  purer  than  these,  although 
they  also  contain  whatever  floats  in  the  air, 
or  has  been  exhaled  along  with  the  watery 
vapours. 

The  purity  of  water  may  be  known  by  the 
following  marks  or  properties  of  pure  water :  -^ 

1.  Pure  water  is  lighter  than  water  that  is 
Mtpure. 

2.  Pure  water  is  more  fluid  than  water  that 
is  not  pure. 


Sb  It  has  no  colour,  smell,  or  taste. 

4.  It  wets  more  easily  than  the  waters  con- 
taining metallic  and  earthy  salts,  cslled  hard 
waters,  and  feels  softer  when  touched. 

5.  Soap,  or  a  solution  of  soap  in  alcohol, 
mixes  easuy  and  perfectly  with  it. 

6.  It  is  not  rendered  turbid  by  adding  to  it 
a  solution  of  gold  in  aqua  regia,  or  a  sdution 
of  silver,  or  of  lead,  or  of  mercury,  in  nitric 
acid,  or  a  solution  of  acetate  of  lead  in  water. 

For  the  habitudes  of  water  with  saline 
matter,  see  Salt,  and  the  difiexent  sub- 
stances. 

Water  was,  tiD  modem  times,  considered  aa 
an  elementary  or  simple  substance. 

Previous  to  the  month  of  October  1776>  the 
celebrated  Macquer,  assisted  by  M.  Sigaud 
de  la  Fond,  made  an  experinoent  by  burning 
hydrogen  gas  in  a  bottle  without  explosion, 
and  holding  a  white  china  saucer  over  the 
flame.  His  intention  appears  to  have  been 
that  of  ascertaining  whether  any  fuliginous 
smoke  was  produced,  and  he  observes  that  the 
saucer  remamed  perfectly  clean  and  white,  but 
was  moistened  with  perceptible  drops  of  a  dear 
fluid,  resembling  water ;  and  which,  in  fi^t, 
appeared  to  him  and  his  assistant  to  be  no- 
thing but  pure  water. 

Ue  does  not  say  whether  any  test  was  ap- 
plied to  ascertain  this  purity,  neither  does  he 
make  any  remark  on  the  fact.* 

In  the  month  of  September  1777)  Messrs. 
Bucquet  and  Lavoisier,  not  being  acquahited 
with  the  fact  which  is  incidentally  and  con- 
cisely mentioned  by  Maoouer,  made  an  ex- 
periment to  discover  what  is  produced  by  the 
combustion  of  hydrogen.  They  fired  five  or 
six  pints  of  hydrogen  in  an  open  and  wide- 
mouthed  botUe,  and  instantly  poured  two 
ounces  of  lime  water  through  the  flame,  agi- 
tating the  bottle  during  the  time  the  com- 
bustion lasted.  The  result  of  this  experi- 
ment showed,  that  carbonic  acid  was  not  pro- 
duced, f 

Before  the  month  of  April  1781,  Mr.  John 
Warldre,  encouraged  by  Dr.  Priestley,  fired 
a  mixture  of  common  air  and  hydrogen  gas 
in  a  doM  copper  vessel,  and  found  its  wdght 
diminished.  Dr.  Priestley,  likewise,  betbre 
the  same  period,  flred  a  like  mixture  of  hy- 
drogen and  oxygen  gas  in  a  dosed  glass  vessel, 
Mr.  Warltire  being  presenU  The  inside  of 
the  vessel,  though  dean  and  dry  before,  be- 
came dewy,  snd  was  lined  with  a  sooty  sub- 
stance, t  These  experiments  were  afterwards 
repeated  by  Mr.  Cavendish  and  Dr.  Priesdey ; 
and  it  was  found,  that  the  diminudon  of  weight 
did  not  take  place,  neither  was  the  sooty  matter 

*  Dictionnaire  de  Chimie,  2d  edition,  Paris, 
1778,  Art.  Oas  Inflammable,  vol.  iL  p.  3U, 
315. 

t  Acad.  Par.  1781,  p.  470. 

\  Priestley,  v.  390. 
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pcnoTBua*  ^leK  dhcpnutiinriiij  qickmm^ 
niiift  have  ariwn  from  some  imperfiecdon  in 
the  appanitiit  or  materials  with  which  the 
fonscr  experiments  were  made. 

It  was  m  the  sammer  of  the  year  1781*  that 
Mr.  Henry  Cavendish  was  busieid  in  eiamining 
what  becomes  of  the  air  lost  by  combustion, 
and  made  those  Taloafale  experiments  which 
were  read  before  the  Ropl  Sodetv  on  the 
]5thof  Jsnuaiy  1784.t  He  burned  600»000 
grsio  measures  of  hydrogen  gas,  with  about 
t^  times  the  quantity  of  common  air,  and  by 
causing  the  burned  air  to  pass  through  a  glass 
tube  0^  fiDet  in  kngth,  135  grains  of  pure 
water  were  condensed.  He  also  exploded  a 
mixture  of  19,500  gnin  measures  of  oxygen 
«,  and  37,000  of  hydrogen,  in  adose  TmeL 
The  condeosed  liquor  was  found  to  oontun  a 
small  portion  of  nitric  add,  when  the  mixture 
of  the  air  was  such,  that  the  burned  air  stitt 
oontained  a  considerable  proportion  of  oxygen. 
In  this  case  it  may  be  presumed,  that  some  of 
the  oxygen  combines  with  a  portion  of  nitro- 
gen present. 

In  the  mean  time,  M.  Lavoisier  continued 
his  researdies,  and  during  the  winter  of  1781- 
1782,  together  with  M.  Gingembre^  he  filled 
a  bottle  of  six  pints  with  hydrogen,  which 
being  fired,  and  two  ounces  of  lime  water 
poured  in,  was  instantly  itopped  with  a  cork, 
through  which  a  fiexible  tul>e  communicating 
with  a  vessel  of  oxygen  was  passed.  The  in- 
ilammation  ceased,  except  at  the  orifice  of  the 
tube  through  which  the  oxygen  was  pressed, 
where  a  beautiful  flame  appeared.  The  com- 
bustion continued  a  considerable  timc^  during 
which  the  lime  water  was  agitated  in  the  bottle. 
Ndther  this,  nor  the  same  experiment  repeated 
with  pure  water,  and  with  a  weak  solution  of 
alkali  instead  of  lime  water,  afibrded  the  in- 
formation  sought  after,  for  these  substances 
were  not  at  all  altered. 

The  inference  of  Mr.  Warltire,  respecting 
the  moisture  on  the  inside  of  the  glass  in  which 
Br.  Priestley  first  fired  hydrogen  and  common 
air,  was,  tluu  these  aits,  by  combustion,  de» 
posited  the  moisture  they  contained.  Mr. 
Watt,  however,  inferred  from  these  experi- 
menta,  that  water  is  a  compound  of  the  bunied 
airs,  which  have  given  out  thdr  latent  heat 

•  PhiL  Trans.  Ixxiv.  126.  Dr.  Priestley 
supposed  the  sooty  matter  to  be  part  of  the 
mercury  used  in  filling  the  vessel,  Phil.  Tnms. 
Ixxiv.  332. 

t  M.  Lavohier  relates,  that  Dr.  Blagden, 
Sec.  R.  S.  (who  was  present  at  the  peiforming 
of  the  capital  experiment  of  burning  hydrogen 
and  oxygen  gas  in  a  closed  vessel  on  the  24th 
June  1783),  informed  him,  that  Mr.  CsTcndbh 
had  already  done  the  same  thiug,  and  obtained 
water.  See  the  Memoirs  of  the  Royal  Aca- 
demy  at  Paris  for  1781,  p.  472;  also  Phil. 
Trans,  vol.  Ixxiv.  p.  134, 


by  coDiMistjon  t  acE 

timents  to  De.  PiieMley  in  a  letter  dnfied  Apifl 

26, 178S.* 

It  docs  not  appear,t  ^^  ^^  < 
of  water  waa  known  or  admitted  in 
tin  the  summer  of  1783,  when  M. 
and  M.dela  Place,  on  the24tii  of  Ja 
peated  die  experiment  of  bunung  ~ 
and  oxygen  in  a  ^ass  vcasd  over  mi 
a  still  greater  quantity  than  had  faeesi 
by  Mr.  Cavendish.     The  Rsnk  waa  j 
five  gros  of  pure  water.  ^    M.  Mongc  : 
a  similar  experiment  at  Psria,  ncariy  mg  ike 
same  time,  or  pertiaps  before. 

This  aasidnous  and  aocorate 
then  proceeded,  in  con  junction  with  M.  If  c 
nier,  topasa  the  steam  of  water  tlnmigli  a  loU 
hot  iron  tube,  and  ibund  tiiat  the  tea  ««a 
oxidised,  and  hydrogen  disengaged;  and dae 
steam  of  water  being  passed  o>ver  a  ^mittf  of 
other  combustible  or  oxidable  sabataneea,  pro- 
duced  similar  results,  the  water  dimppen^ 
and  hydrogen  bring  disengaged.  Theae  ca- 
pital expcrimoits  were  accounted  for  by  M. 
Lavoisier,  by  supposing  die  water  «>  be  de- 
composed into  its  component  parte,  oxygm 
and  hydrogen,  the  former  cf  winA  onitea 
with  the  ignited  substance^  while  the  latter  is 


The  grand  experiment  of  the  oomp 
of  water  by  Fourooy,  Vauqudin,  and  Segain, 
vras  begun  on  Wednesday,  May  13,  1798^ 
and  was  finished  on  Friday  die  29d  of  the 
aame  month.  The  combustion  was  kept  op 
185  houn  with  litde  intomptkn,  dwlng 
whidi  time  the  machine  waa  not  miitted  lor 
a  moment.  The  cxperfancaten  alternately 
refreshed  thrmsdves  when  fatigued,  by  lyinfp 
for  a  few  hours  on  mattresses  in  die  labo^ 
ratory. 

To  obtain  the  hydroffen,  1.  Zinc  waa  mdted 
and  rubbed  into  a  powder  in  a  voy  hoc  mettar. 
2.  This  metal  was  dissolved  in  oontifcntiaaed 
sulphuric  acid  diluted  widi  seven  parts  of 
water.  The  air  procured  was  made  to  pass 
through  causdc  alkalL  To  obtain  the  oxygen, 
two  pounds  and  a  half  of  cxystalliaed  hyper. 
oxymuriate  of  potash  were  nistiUfd,  and  the 
air  was  transferred  through  caustic  alkalL 

The  volume  of  hydrogen  employed  waa 
2d963-668  cubic  indies,  and  die  weight  was 
1 039*358  ffrains. 

The  volume  of  oxygen  was  18ft7M42, 
and  the  weight  was  6209*889  gndna. 

The  total  wdght  of  bodi  dastie  fladds  was 
7249-227. 


*  PhiL  Trans,  vol.  Ixxiv.  p.  330. 
.  t  Compare  PhiL  Tians.  voL  Ixxir.  ] 


188, 


It.  p.  ]» 

with  the 'Memoirs  of  the  Royal  Academy  i 
Paris  for  1781.  pages  472  and  474. 

X  The  ounce  poids  de  mare  being  472*2 
grains  troy,  this  quanUty  will  be  298  £B^ish 
grains. 
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TIm  wei^t  of  Witter  obtdndl  wu  7344 
grains,  or  12  oiinoes  4  gras  45  gndns. 

The  weight  of  yater  which  should  have 
been  obtained  was  12  ounoes  4  gros  49*227 
gTftine. 

The  deficit  was  4-227  grains. 
The  quantity  of  asotic  ahr  before  the  ezpe. 
Ttment  was  416-256  cubic  inches,  and  at  the 
cloae  of  it  46?.  The  ezeess  after  the  expe. 
ziineBt  was  eonsequently  51-744  cubic  inches. 
This  anigmcDtatlon  is  to  be  attributed,  the 
acadcmiciBns  think,  to  the  small  quantity  of 
atmospheric  air  in  the  cylinders  m  the  gaso- 
meters at  the  time  the  other  airs  were  intro- 
duced. These  additional  51  cubic  inches  could 
not  arise  from  the  hydrogen,  for  experiment 
showed  that  it  contained  no  azotic  air.  Some 
addition  of  this  last  fluid,  the  experimenters 
think,  cannot  be  avoided,  on  account  of  the 
OQOstraction  of  the  machine. 

The  water  being  examined,  was  found  to 
be  as  pure  »b  distilled  water.  Its  specific  gra- 
vity to  distilled  wstar  was  as  18671 :  18670. 
The  deooDmoeition  of  water  is  most  de- 
gantly  effected  by  £lxctricxtt;  which 
tee. 

The  composition  of  water  is  best  demon, 
stiated  by  exploding  2  volumes  of  hydrogen 
and  1  of  oxygen,  in  the  eudiometer.  They 
disappear  toufiy,  and  pure  water  remits.  •  A 
cubic  inch  of  this  liquid,  at  60*,  weighs  252-62 
grains,  consisting  of 

28>06  grains  hydrogen,  and 
224*46  oxygen. 

Th^eb^ofthefbmierj  1325  ^^ic  inches. 

Thstofthektieris  662 

1987 

Hence  there  is  a  condensation  of  nearly 
two  tbonsand  volumes  into  one;  and  erne 
volume  of  water  contains  662  volumes  of 
oxygen.  The  prime  equivalent  of  water  is 
1-125 ;  composed  of  a  prime  of  oxygen  = 
1-0  -4-  a  prime  of  hydrogen  =  0-125;  or  9 
parts  by  weight  of  water  consist  of  8  oxygen 
•f  1  hydrogen. 

WATER  OP  CRYSTALLIZATION. 
Many  salts  require  a  certain  proportion  of 
water  to  enaUe  them  to  retain  the  crvstalline 
form,  and  this  is  called  their  water  of  oystal- 
lisation.  Some  retain  thtB  so  feebly,  that  it 
flies  off  on  exposure  to  the  air,  and  they  fall 
to  powder.  These  are  the  efflorescent  salts. 
Others  have  so  great  an  sffinitv  for  water, 
that  thefar  crystals  attract  more  from  the  air, 
hi  which  they  dissolve.  These  are  the  deli- 
qoesoent. 

WATERS  (MINERAL).  The  exami- 
nation  of  mineral  waters  with  a  view  to  as- 
certain their  ingredieots,  and  thence  their  me- 

ompound* 
r  consider, 
importance  to'  society.  It  is  likewise  a 
ivbject  which  deserves  to  be  attended  to^  be- 


CKose  it  sffiiids  no  mean  opportunity  fbr  tbr 
agreeable  prsetioe  of  chemical  skilL  But 
tUs  investigation  is  more  especially  of  im- 
portance to  the  daUy  purposes  of  life,  and  the 
success  of  manufacmres.  It  cannot  but  be. 
an  interesting  object,  to  ascertain  the  com- 
ponent  parts  and  qualities  of  the  waters  daily 
consumed  by  the  mhabitants  of  large  towns 
and  vicinities.  A  very  nunute  portion  of 
unwholesome  matter,  daily  taken,  may  con- 
stitute the  principal  cause  of  the  dififerenoes 
in  salubrity  which  are  observable  in  different 
And  with  regard  to  manufactures. 


places, 
it  is  wi 


it  is  well  known  to  we  brewer,  the  paper- 
maker,  the  blttcher,  and  a  variety  of  o^er 
artista,  of  how  much  consequence  it  is  to  them, 
that  this  fluid  should  ddier  be  pure,  or  at 
least  not  contaminated  with  such  principles - 
as  tend  to  injure  the  qualities  of  the  articles 
they  make.  This  analysis  has  accordin^y 
employed  the  attention  of  the  first  chemists. 
Bergmann  has  written  an  express  treatise  on 
the  subject,  wliich  may  be  found  in  the  first 
volume  of  the  English  translation  of  lus 
Essays.  Kiiwan  published  a  valuable  vdhime 
on  the  analysis  of  waters. 

The  topography  of  the  place  where  these 
waters  rise  is  the  first  thing  to  be  oonsidcred. 
By  examining  the  ooze  formed  by  them,  and 
the  earth  or  stones  through  whidi  they  are 
strsined  and  filtered,  some  judgment  may  be 
formed  of  their  contents.  In  filtering  thrmigh 
the  earth,  and  meandering  on  its  surface,  they 
Uke  with  them  partides  of  various  kinds, 
which  their  extreme  attenuation  renders  ca- 
pable of  being  suspended  Ui  the  fluid  that 
serves  for  their  vehicle.  Hence  we  shall  some- 
times find  in  these  waters  siliceous,  calcareous, 
or  argillaceous  earth;  and  at  other  times, 
though  less  frequently,  sulphur,  magnerian 
earth,  or,  from  the  decomposition  of  carbo- 
nated iron,  ochre. 

The  following  are  the  ingredients  that  may 
occur  in  mineral  waters : — 

1.  Air  is  contained  in  by  far  the  greater 
number  of  mineral  waters :  its  proportion  does 
not  exceed  1.28Ui  of  the  bulk  of  the  water. 

2.  Oxygen  gas  was  first  detected  in  waters 
by  Scfaeele.  Its  quantity  is  usually  inoonsi- 
denble;    and   it  is  incompatible  with  the 

ioe    of  sulphuretted  hydrogen  gas  or 


wnruuu  uicir  ui|^rcuicuui,  nuu  i*w7iivp  uicj 

didnal  qualities,  and  the  means  of  oomp 
iDg  diem  artifldally,  is  an  object  of  con 
m  importance  to  society.     It  is  likci 


3.  Hydrogen  gas  was  first  detected  in 
Buxton  water  by  Dr.  Pearson.  Afterward 
it  was  discovered  in  Harrowgate  waters  by 
Dr.  Garnet,  and  in  those  of  Lemington 
Priois  by  Mr.  Lambe. 

4.  Sulphuretted  hygrogen  ns  constitutes 
the  most  conspicuous  ingrement  in  those 
waters,  whidi  are  distingui^ied  by  the  name 
of  hepatic  or  sulphurous. 

The  only  acids  hitherto  found  in  waters, 
except  in  combination  with  a  base,  are  the 
carbonic,  sulphuric,  and  bocadc. 

5.  Carbonic  acid  was  fiist  discovered  in 
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rbf  Br.  BrowmiR.    Itialbt    i%ha$ 


^       It! 

in  minenl  watcn, 
IM  coble  incbci'of  die  water  genenU j  god. 
tMUi^  ham  6  to  40  cabk  inches  ef  this 
mid  AM.  Acooi^  to  Weitramli,  100 
enbie  Mm  of  Pynnont  mia  contain  187 
mbie  SndieB  of  it,  er  afaaoet  doable  its  own 


&  SnlphimiBS  add  has  beca  obeored  in 
setcnd  of  the  hot  minenl  waten  in  Italy, 
which  are  in  die  ncighbomkood  of  volosnoet. 

7.  The  bofade  add  has  also  been  obaened 
in  KHne  lakes  in  Itsly. 

The  only  alkali  whidi  has  ben  observed 
in  minenl  waleiii  nnoombined,  is  soda;  and 
the  only  earthy  bodies  an  silez  snd  lim& 

8.  Dr.  Bbdc  detected  soda  in  the  hot  mi- 
nenl  waten  of  Geyser  snd  Rykixm  in  lodand ; 
bat  in  most  oHier  esses  the  tods  is  eomlnned 
with  CBibonic  add. 

0.  Silez  was  fint  disoovocd  in  waten  by 
Bdgmsnn.  It  was  aftenrard  detected  in  those 
of  Geyser  snd  Rykum  by  Dr.  Black,  and  in 
those  of  Karisbnd'  by  Klaproth.  Hasseoiiatz 
obsciied  it  in  the  waten  of  Pougues,  ss 
Brez^  did  in  those  of  Pa.  It  has  been  finmd 
also  in  many  other  mineral  waters. 

10.  Lime  is  ssid  to  ha^  been  found  on- 
oombined  in  some  minend  waten;  bat  this 
has  not  been  proved  in  a  satisfactoiy  manner. 

The  only  salts  hitherto  found  in  minenl 
waten  are  the  following ;  sulphates,  nitrates, 
muriates,  csrbooata,  and  boratn;  and  of 
these  the  csibonstes  and  muriates  occur  by 
far  most  ooomionly,  and  the  borates  and  ni* 
tiates  most  nidy. 

11.  Sulphate  of  soda  is  not  ancommon, 
especially  in  those  mineral  waten  which  an 
distinguisbed  by  the  epithet  saline. 

12.  Sulphate  of  ammonia  is  found  in  mi* 
neral  waten  near  vnlcanoes. 

13.  Sulphate  of  lime  is  exceedingly  com- 
mon in  water.  Its  pnsenoe  seems  to  have 
been  first  detected  by  Dr.  Lister  in  1682. 

14.  Sulphate  of  magnesia  is  almost  con. 
stanUy  an  ingredient  in  those  minenl  waten 
which  have  purgative  piopertieB.  It  was  de. 
tested  in  Epsom  waten  hi  1610,  and  m  1006 
Dr.  Grew  published  a  treatise  on  iL 

15.  Alum  is  sometimes  found  in  minoal 
waten,  but  it  is  exceedingly  rsre. 

16.  Sulphate  of  iron  occun  sometiroes  in 
volcanic  minend  waten,  and  has  even  been 
observed  in  other  pUoes. 

17*  Sulphate  of  copper  is  only  found  in  the 
waten  which  issue  from  copper  mines. 

18.  Nitre  hss  been  found  in  some  springs 
hi  Hungary,  but  it  is  exceedingly  uncommon. 

19.  Nitrate  of  lime  was  fint  detected  in 
water  by  Dr.  Home,  of  Edinbuigh,  in  1766. 
It  is  said  to  occur  in  some  springs  in  the 
ssndy  deserts  (^  Arsbia. 

2a  Nitnte  of  magnesia  is  said  to  have 
been  found  in  some  s|Hriogs. 
21.  Muriate  of  potash  is  unoommon;  but 


in  tl^  1^^^ 
of  Ohkahoig  in  Sweden  by  JnloL 

22.  Muriate  of  soda  is  so  exucuniy  en 
UMMi  in  minenl  watess,  that  baidly  a  aim 
spring  has  been  analysed  without  deti 
some  of  it. 
.  23.   Muriate  of 
but  it  has  been  found  in  i 
in  Itsly  and  Siberia. 

24.  Muriate  of  barytes  is  stifl  mote  1 
man,  but  its  presence  in  nrinmJ  wnfe 
been  snnounoed  by  Bergmaon. 

25  and  2&  Muriates  of  Ihne  nnd  i 
are  common  ingredienftu 

27*  Muriate  of  alumina  has  been  < 
by  Dr.  Withering,  but  it  is  very  i 

28.  Muriate  St  manganfoe  wa 
by  Besgmaan  as  sometimes  oocorring  in  mi. 
nenl  waten.  It  has  latdy  been  drtpcied  by 
Lambe  in  the  waten  of  Lemingttn  Pdon, 
but  in  an  extremely  limited  praportiab. 

29.  The  presence  of  carbonate  of  potash  m 
minend  waten  has  been  mtntioned  by  aevenl 
chemiste;  if  it  do  occur,  it  most  be  in  a  voy 
small  proportion* 

30.  Carbonate  of  soda  is,  perhaps,  one  of 
the  most  common  ingredients  of  these  Hq««^^ 
if  we  except  common  salt  and  rarhonase  of 
lime. 

31.  Carbonate  of  ammonia  baa  bem  £s- 
oovered  in  waten,  but  it  is  nneonunoo. 

32.  Carbonate  of  lime  is  found  in  almost 
an  waten,  and  is  usoslly  hdd  in  anlntion  by 
an  excess  of  add.  It  appean  foom  the  dif- 
ferent experiments  of  cbonista,  as  stated  by 
Mr.  Kirwan,  and  especially  from  those  of 
Berthollet,  that  water  saturated  with  carbonic 
add  is  capable  of  holding  in  aolution  04102 
of  carbonate  of  lime.  Now  water  satorated 
with  csrbonic  add,  at  the  tempnatnre  of  50<*, 
contains  veiy  nesrly  04)02  of  its  w«i|^  of 
csrbonic  add.  Hence  it  follows  diatcaihwiic 
add,  when  present  in  such  quantity  aa  tn  aa- 
turate  waters,  is  cspaUe  of  holding  in  own 
weight  of  carbonate  of  lime  in  8Qbi«n.  Thna 
we  see  1000  psrte  by  wd^  of  water,  when 
it  contsins  two  psrte  of  csrhomr.  acid,  is  ca- 
pable of  dissolving  two  parte  of  csriMsiate  of 
lime.  When  the  proportioa  of  water  is  in- 
creased,  it  is  ospable  of  holding  the  cscbooate 
of  lime  in  solution,  even  when  the  pwpottiun 
of  csibonic  add  united  with  it  is  diminahed. 
Thus  24,000  parte  of  water  are  capable  of 
holding  two  parte  of  csrbonate  of  lime  in  so. 
hitioo,  even  when  the^  contain  only  one  part 
of  carbonic  acid.  The  greater  the  pn^ortion 
of  water,  the  smaller  proportion  of  csrbonic 
add  is  necessary  to  keep  thelime  in  sohidon  ; 
and  when  the  water  is  incxeased  to  a  certain 
proportion,  no  sensible  exoen  of  casbonic  add 
is  neoesssry.  It  ought  to  be  remarked  also, 
that  water,  however  small  a  qaaatity  of  csr- 
bonic add  it  contains,  is  capable  of  hcdding 
carbonate  of  lime  in  solutioa,  prosidfid  the 
wdght  of  the  caibonie   add  pnnent  exceed 
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diat  of  the  Ihne.  These  ohtemOam  spply 
equally  to  iSbt  odicf  earthy  caibonatei  held  in 
solution  by  mineral  water*. 

33.  Carbonate  of  magnesia  ia  also  Tery 
common  in  mineral  waten,  and  is  almost 
always  accompanied  by  carbonate  of  lime. 

84.  Carbonate  of  lUumina  is  said  to  have 
been  fbund  in  waters,  but  its  presence  has  not 
been  pxoperly  ascertained. 

35.  Carbonate  of  iron  is  by  no  means  un. 
common ;  indeed  it  forms  the  most  remarkable 
ingredient  in  those  waters,  which  aie  distin- 
goiahed  by  the  epithet  of  chalybeate. 

36.  Borax  exists  in  some  lakes  in  Persia 
and  Tbibet,  but  the  natare  of  these  waters 
baa  not  been  ascertained. 

37  and  38.  The  hydroeulphinets  of  Ihne 
and  of  soda  have  been  frequently  detected  in 
those  waters  which  are  called  sulphurous,  or 
hepatic 

Mr.  Westmmb  says,  that  all  sulphurous 
waters  contain  more  or  less  hydroBulphuret  of 
lime 

To  detect  this  he  boUed  the  mmeial  water, 
excluding  the  contact  of  atmospheric  air,  to 
expel  the  sulphuretted  hydrogen  gas  and  car. 
bonic  add.    Into  the  water  thus  boiled  he 
poured  sulphuric  add,  when  more  sulphuretted 
hydrogen  gas  was  evolved,  and  sulphate  of 
Hmc  was  urown  down;  fumhig  nitric  add, 
which  separated  from  it  sulphur;  and  oxalic 
add,  whidi  expelled  sulphuretted  hydrogen, 
and  formed  oxalate  of  lime.    The  water  eva- 
porated in  open  vessels  let  fall  sulphate  of 
nme,  uid  gave  out  sulphuretted  hy^gen  gas. 
To  asontdn  the  quantity  of  sulphuretted 
hydrogen  gas  and  carbonic  add,  Mr.  West- 
rumb  proceeded  as  follows:  He  introduced 
the  sulphurous  water  into  a  matrass,  till  it 
was  filled  to  a  certahi  point,  whidi  he  marked ; 
Itted  to  it  a  curved  tube,  which  terminated 
in  a  long  cylinder ;  filled  this  cylinder  with 
Ihne  water  for  the  one  experiment,  and  with 
acetate  of  lead,  with  excess  of  add,  for  the 
other;  luted  the  apparatus;  and  boiled  the 
water  tQl  no  move  gas  was  expelled*    When 
the  Ume  water  is  used,  carbonate  of  lime  is 
predpitated  in  the  proportion  of  20  grains  to 
every  10  cubic  indies  of  carbonic  add  gas ; 
when  fhe  solution  of  acetate  of  lead,  hj^nv 
sulphnret  of  lead,  is  thrown  down,  in  the  pro- 
portion of  19  grains  to  10  cubic  inches  of  sul- 
phuretted  hydrogen  gas. 

Beside  these  substances,  certain  v^etable 
and  animal  matters  have  been  occasionally  ob- 
served in  mineral  waters.  But  in  most  cases 
these  are  rather  to  be  considered  in  the  light 
of  accidental  mixtures,  than  of  real  component 
parts  of  the  waters  in  which  they  occur. 

From  this  synoptical  view  of  the  different 
ingredients  contained  in  mineral  waters,  it  is 
evident  that  these  substances  occur  in  two  dtf- 
ferent  distinct  states :  viz.  1.  as  being  sus- 
pended fai  them ;  and  2.  as  being  dissolved  hi 
(hem  cfaiefiy  in  the  fonn  of  a  sah. 


The  hivestlgalioQ  of  mineral  waters  eon- 
sists,  1.  In  the  examination  of  them  by  the 
senses :  2.  In  the  examination  of  them  by  re« 
agents :  3.  In  the  analysis  properly  so  called. 

The  examination  by  the  senses  consists  In 
observing  the  effect  of  the  water  as  to  appear- 
ance, smell,  and  taste. 

The  appearance  of  the  water,  the  instant  in 
wfaidi  it  is  pumped  out  of  the  wdl,  as  well  as 
after  it  has  stood  for  some  time,  affords  seve- 
ral indications,  ftom  which  we  are  enabled  to 
fonn  a  judgment  concerning  Its  contents.  If 
the  water  be  turlnd  at  the  weD,  the  substances 
are  suspended  only,  and  not  dissolved ;  but  if  ^ 
the  water  be  dear  and  transparent  at  the  well,  ^ 
and  some  time  intervenes  before  it  become^ 
turbid,  the  contents  are  dissolved  by  means  of 
carbonic  add. 

The  presence  of  this  gas  is  likewise  indi- 
cated by  small  bubbles,  that  rise  from  the 
bottom  of  the  wdl,  and  burst  in  the  air  while 
Aey  are  making  thefar  escape,  thou^  the  water 
at  the  same  time  peifaaps  has  not  an  add  taste. 
This  is  the  case,  acoordinff  to  Count  Raaou- 
mowski,  with  respect  to  &e  tepid  spring  in 
Vallais,  and  the  cold  vitriolated  chalytoite 
springs  at  Astracan.    But  the  most  evident  I 

proof  of  a  spring  containing  carbonic  add  is 
the  generation  of  bubbles  on  the  water  being 
^aken,  and  their  bursting  with  more  or  less 
noise,  while  the  air  is  makbig  its  escape. 

The  sediment  depodted  by  the  water  in  the 
well  is  likewise  to  be  examined :  if  it  be  yd- 
low,  it  indicates  the  presence  of  iron ;  if  black, 
that  of  iron  comlnneid  with  sulphur;  but  cha- 
lybeate waters  being  sddom  sulphuretted,  the 
ktter  occurs  very  rardy.  As  to  the  colour  of 
the  water  itsdf,  there  are  few  instances  where 
this  can  give  any  indication  of  its  contents, 
ss  there  are  not  many  substances  that  cokrar 
it. 

The  odour  of  the  water  serves  diiefly  to 
discover  the  presence  of  sulphuretted  hydro- 
gen in  it :  sudi  waters  as  contain  this  sub- 
stance have  a  peculiar  fetid  smdl,  somewhat 
resembling  rotten  eggs. 

The  taste  of  a  spring,  provided  it  be  per- 
fectly ascertained  by  repeated  trials,  may  aflbxd 
some  useful  indicadons  with  reelect  to  the 
eonteniB.  It  may  be  made  very  sensible  by 
tastmg  water  in  which  the  various  salts  that 
are  usually  found  in  sudi  waters  are  dissolved 
in  various  proportions.  There  is  no  certain 
dependence,  however,  to  be  placed  on  this 
mode  of  investigation ;  for  in  many  springs, 
the  taste  of  sulphate  of  soda  is  disguised  by 
that  of  the  sea  salt  united  with  it.  The  water 
too  is  not  only  to  be  tasted  at  the  spring,  but 
after  it  has  stood  for  some  time.  This  pre- 
caution must  be  particularly  observed  with  re- 
spect to  such  waters  as  are  impregnated  with 
carbonic  add;  for  the  other  substances  con- 
tained-in  them  make  no  impresdon  on  the 
tongue,  till  the  carbonic  ada  has  made  its 
escape ;  and  it  is  for  the  same  resson,  that 
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tbcM  vtteiB  miiat  Iw  etaponted  in  put,  and 
dun  tatted  1^^. 

Though  the  specific  gravity  of  any  water 
CODtribatea  but  Tery  littk  towaida  determining 
ita  oontenta,  stiU  it  may  not  be  entizely  use- 
Ibm  to  know  the  specific  weight  of  the  water, 
the  situation  of  the  spring,  and  the  kind  of 
sediment  deposited  by  it. 

The  examination  of  the  water  by  means  of 
leagents  shows  what  they  oontainf  but  not 
how  mudi  of  each  principle.  In  many  in- 
stances this  is  as  much  as  the  inquiry  de- 
mands ,*  and  it  is  always  of  use  to  direct  the 
proceedings  In  the  proper  snalysii. 

It  b  absolutely  neoesssry  to  make  the  ex. 
periment  with  water  just  taken  up  fiom  the 
spring,  and  afterward  with  such  as  has  been 
exposed  for  some  hours  to  the  open  air;  and 
sometimes  a  third  essay  is  to  be  made  with  a 
portion  of  the  water  that  has  been  boiled  and 
afterward  filtered.  If  the  water  contain  but 
few  saline  particles,  it  must  be  evaporated ;  aa 
even  the  most  sensible  reagents  do  not  in  the 
least  t^lut  it,  if  the  salts,  the  presence  of 
which  is  to  be  discovered  by  them,  are  diluted 
with  too  great  a  quantity  o£  water.  Now,  it 
may  happen,  that  a  water  shall  be  impreg* 
nated  with  a  ooosiderable  number  of  saline 
particles  of  difierent  kinds,  though  some  of 
them  may  be  present  in  too  small  a  quantity ; 
for  which  reason  the  water  must  be  examined 
a  second  time,  after  having  been  boiled  down 
to  three-fourths. 

The  substances  of  which  the  presence  is 
discoverable  by  reagents  are : » 

1.  Carbonic  add.  When  this  b  not  com- 
Uned  with  any  base,  or  not  with  sufficient  to 
neutrslize  it,  the  addition  of  lime  water  wiU 
throw  down  a  precipitate  soluble  with  effer- 
vescence in  muriatic  acid.  The  infusion  of 
litmus  is  reddened  by  it ;  but  the  red  colour 
gradually  disappeani,  and  may  be  again  re- 
stored  by  the  addition  of  more  of  the  mineral 
water.  When  boiled  it  loses  the  property  of 
reddening  the  infusion  of  litmus.  According 
to  Pfaff,  the  most  sensible  test  of  thb  add  b 
acetate  of  lead. 

2.  The  mineral  adds,  when  present  uncom- 
fained  in  water,  give  the  infusion  of  litmus  a 
permanent  red,  even  though  the  water  has 
been  boiled.  Beigmann  has  shown,  that  paper 
stained  with  litmus  is  reddened  when  dipped 
into  water  containing  ^^W  of  sulphuric  acid. 

3.  Water  containing  sulphuretted  hydrogen 
gas  is  dutinguished  by  the  following  proper- 
ties :  It  exhales  the  peculiar  odour  of  sulphur- 
etted  hydrogen  gas.  It  reddens  the  infusion 
of  litmus  fugadously.  It  blackens  paper 
dipped  into  a  solution  of  lead,  and  predpitates 
the  nitrate  of  silver  black  or  brown. 

4.  Alkalis,  and  alkaline  and  earthy  carbon- 
ates, are  dutinguished  by  the  fbllowmg  tests : 
The  infusion  of  turmeric,  or  paper  stained 
with  turmeric,  is  rendered  brown  by  alkalis; 
or  seddish-brown,  if  the  quantity  be  minuta 


Thb  change  is  produced  when  tlie  aoda  » 
water  amounts  only  to  y^>^  P^t.  Bipa 
stained  with  brasil  wood,  or  the  infuaun  of 
brasil  wood,  b  rendered  blue  ;  bat  tins  change 
b  produced  also  by  the  alkaline  aad  csithy 
carbonates.  Bergmann  ascertained,  that  water 
containing  -^^^g  part  of  carbonate  of  aoda 
reddens  paper  stained  vnth  brasfl  wood  bhte. 
Litmus  paper  reddened  by  vinegar  u  lestoRd 
to  its  original  blue  colour.  Thb  ^uogs  a 
produced  by  the  alkaline  and  earthy  carboo- 
ates  also.  "Hlien  these  changes  axe  fngadoui, 
we  may  conclude,  that  the  alkali  b  — "-""^^ 

5.  Fixed  alkalis  exiit  in  water  that  occa- 
sions a  predpitate  with  muriate  of  magnesu 
after  bemg  boiled.  Volatile  alkali  may  be 
dbtinguished  by  the  smell;  or  it  may  be  ob- 
tained in  the  recdver  by  dbtilling  a  portion  of 
the  water  gently,  and  then  it  may  be  distin- 
gubhed  by  the  above  tests. 

6*  Earthy  and  metallic  carbonatea  are  pre- 
dpitated  by  boiling  the  water  containing  them ; 
except  carbonate  of  magnesia,  which  b  pre- 
dpitated  but  imperfectly. 

7.  Iron  is  discovered  by  the  following  tests: 
— The  addition  of  tiocture'  of  galls  givea  wato, 
oontainiog  iron,  a  purple  or  black  oolcnin  Thb 
test  indicates  the  presence  of  a  very  minute 
portion  of  iron.  If  the  tiocture  have  no  effixt 
upon  the  water,  after  boiling,  tbougjh  it  a^ 
lours  it  before,  the  iron  b  in  the  state  of  a 
carbonate.  The  following  observatkns  c£ 
Westrumb  on  the  colour  wmcfa  iron  gives  to 
galls,  as  modified  by  other  bodies,  dewrve  au 
tention.  A  violet  indicates  an  allraliiy.  car- 
bonate, or  earthy  salt  Dark  purple  indicates 
other  alkaline  salts.  Purplidi-«ed  indicates 
sulphuretted  hydrogen  gas.  Whitish,  and 
then  black,  indicates  su^faate  of  lime.  Af  r. 
Phillips  has  lately  ascertained,  that,  while  the 
iron  b  little  oxided,  the  presence  of  lime  radier 
facilitates  the  applicadoo  of  thb  test;  bat  the 
lime  prevents  tlie  test  from  acting,  provided 
the  iron  be  considerably  oxidized,  llie  pnis- 
sian  alkali  occasions  a  blue  predpitate  in  water 
containing  iron.  If  an  alkali  be  present,  die 
blue  predpitate  does  not  appear,  unleis  the 
alkali  b  saturated  with  an  sciid. 

8.  Sulphuric  add  exists  in  wa'ters  that  form 
a  predpitate  with  the  fbUowing  solutions: — 
Muriate,  nitrate,  or  acetate  of  barytes,  strontian, 
or  lime,  or  nitrate  or  aceute  of  lead.  Of  these 
the  most  powerful  by  &r  b  muriate  of  barytes, 
which  is  capable  of  detecting  the  presence  of 
sulphuric  add  uncombined,  when  it  does  not 
exceed  the  millionth  part  of  the  water.  Ace- 
tate of  lead  b  next  in  point  of  power.  The 
murbtes  are  more  powerful  than  the  nitrates. 
The  calcareous  salts  are  least  powcrfuL  All 
these  tests  are  capable  of  indicating  a  much 
smaller  pn^mrtion  of  uncombined  sulphuric 
acid,  than  when  it  b  combined  with  a  base. 
To  render  muriate  of  barytes  a  certein  test  of 
sulphuric  add,  the  following  precautions  must 
be  observed  ^— The  muriate  must  be  dilated ; 
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the  Alkalis  or  alkaline  carbonates,  If  the  water 
contain  any,  must  be  previously  saturated  with 
muriatic  acid ;  the  precipitate  must  be  inso- 
luble in  muriatic  add  ;  if  boracic  add  be  sus- 
pected, muriate  of  strontian  must  be  tried, 
which  is  not  precipitated  by  boracic  acid.  The 
hydrosulphurets  precipitate  barytic  solutions, 
but  then*  presence  is  easily  discovered  by  the 
smell. 

9.  Muriatic  add  is  detected  by  nitrate  of 
silver,  which  occasions  a  white  predpitate,  or 
a  cloud,  in  water  containing  an  exceedingly 
minute  portion  of  this  acid.  To  render  this  • 
test  certain,  the  following  precautions  are  ne- 
ceasary  :^The  alkalis  or  carbonates  must  be 
previously  saturated  with  nitric  add.  Sul. 
phuric  acid,  if  any  be  present,  must  be  pre- 
viously removed  by  means  of  nitrate  of  ba- 
rytcs.  The  precipitate  must  be  insoluble  in 
nitric  add.  Pfaft'  says,  that  the  mild  nitrate 
of  mercury  is  the  most  sensible  test  of  muriatic 
acid ;  and  that  the  predpitate  is  not  soluble 
in  an  excess  of  any  acid. 

10.  Boradc  acid  is  detected  by  means  of 
acetate  of  lead,  with  which  it  forms  a  predpi- 
tate insoluble  in  acetic  add.  But  to  render 
this  test  certain,  the  alkalis  and  earths  must  be 
previously  saturated  with  acetic  acid,  and  the 
sulphuric  and  muriatic  acids  removed  by  means 
of  acetate  of  strontian  and  acetate  of  silver. 

11.  Barytes  is  detected  by  the  insoluble 
white  precipitate  which  it  forms  with  diluted 
sulphuric  acid. 

12.  Lime  is  detected  by  means  of  oxalic 
add,  which  occasions  a  white  predpitate 'in 
water  containing  a  very  minute  proportion  of 
this  earth.  To  render  this  test  decisive,  the 
following  precautions  are  necessary:  —  The 
mineral  adds,  if  any  be  jfresent,  must  be  pre- 
viously saturated  with  an  alkalL  Barytes,  if 
any  be  present,  must  be  previously  removed 
by  means  of  sulphuric  acid.  Oxalic  add  pre- 
dpitates  magnesia  but  very  slowly,  whereas  it 
predpitates  mne  instantly. 

13.  Magnesia  and  alumina.  The  presence 
€i  these  earths  is  ascertained  by  the  following 
tests : — Pure  ammonia  precipitates  them  both, 
and  no  other  earth,  provided  the  carbonic  add 
have  been  previously  separated  by  a  fixed  al- 
kali and  boiling.  Lime  water  predpitates 
only  these  two  earths,  provided  the  carbonic 
add  be  previously  removed,  and  the  sulphuric 
acid  also,  by  means  of  nitrate  of  barytes. 

The  alumina  may  be  separated  from  the 
magnesia,  after  both  have  been  predpitated 
together,  dther  by  boiling  the  predpitate  in 
caustic  potash,  which  dissolves  the  alumina 
and  leaves  the  magnesia;  or  the  precipitate 
niay  be  dissolved  in  muriatic  add,  predpi- 
tated  by  an  alkaline  carbonate,  dried  m  the 
temperature  of  100<>,  and  then  exposed  to  the 
action  of  diluted  muriatic  add,  which  dissolves 
the  magnesia  without  touching  the  alumina. 

14.  SUex  may  be  ascertained  by  evapo- 
ntiog  a  portion  of  water  to  dryness,  and  re- 


dissolvuig  the*  precipitate  in  mnriatic  acid. 
The  silex  remains  benind  undissolved. 

By  these  means  we  may  detect  the  pre- 
sence of  the  difierent  substances  commonly 
found  in  waters;  but  as  they  are  generally 
combined  so  as  to  form  salts,  it  is  necessary 
we  should  know  what  these  combinations  are> 
This  is  a  more  difficult  task,  which  Mr.  Kir- 
wan  teaches  us  to  accomplish  by  the  following 
methods : — 

1.  To  ascertain  the  presence  of  the  different 
sulphates. 

The  sulphates  which  occur  in  water  are 
seven ;  but  one  of  these,  namely,  sulphate  of 
copper,  is  so  uncommon,  that  it  ma^  be  ex- 
cluded altogether.  The  same  remark  applies 
to  sulphate  of  ammonia.  It  is  almost  unne- 
cessaiy  to  observe,  that  no  sulphate  need  be 
looked  for,  unless  both  its  acid  and  base  have 
been  previously  detected  in  the  water. 

Sulphate  of  soda  may  be  detected  by  the 
following  method : — ^Free  the  water  to  be  ex- 
amined of  aU  earthy  sulphates,  by  evaporating 
it  to  one-half,  and  adding  lime  water  as  long 
as  any  predpitate  appears.  •  By  these  means 
the  earths  will  all  be  predpitat^  except  lime, 
and  the  only  remaining  earthy  sulphate  will 
be  sulphate  of  lime,  which  will  be  separated 
by  evaporating  die  liquid  till  it  becomes  con- 
centrated, and  then  dropping  into  it  a  little 
alcohol,  and,  after  filtration,  adding  a  little 
oxalic  add. 

With  the  water  thus  purified,  mix  solution 
of  lime.  If  a  precipitate  appear,  dther  im- 
mediately, or  on  the  addition  of  a  little  alco- 
hol, it  is  a  proof  that  sulphate  of  potash  or  of 
soda  is  present.  Which  of  the  two  may  be 
determined,  by  mixing  some  of  the  purified 
water  with  acetate  of  barytes.  Sulphate  of 
barytes  predpitates.  Filter  and  evaporate  to 
dryness.  Digest  the  residuum  in  alcohol.  It 
will  dissolve  the  alkaline  acetate.  Evaporate 
to  dryness,  and  the  dry  salt  will  ddiqucsce  if 
it  be  acetata  of  potash,  but  effloresce  if  it  be 
acetate  of  soda. 

Sulphate  of  lime  may  be  detected  by  eva- 
porating the  water  suspected  to  contain  it  to  a 
few  ounces.  A  predpiute  appears,  which,  if 
it  be  sulphate  of  lime,  is  soluble  in  600  parts 
of  water ;  and  the  solution  affords  a  predpitate 
with  the  muriate  of  barytes,  oxalic  add,  car- 
bonate of  magnesia,  and  alcohol. 

Alum  may  be  detected  by  mixing  carbon- 
ate of  lime  with  the  water  suspected  to  con- 
tain it.  If  a  predpitate  appear,  it  indicates 
the  presence  of  alum,  or  at  least  of  sulphate 
of  alumina ;  provided  the  water  contains  no 
muriate  of  barytes  or  metallic  sulphates.  The 
first  of  these  salts  is  incompatible  with  alnm : 
the  second  may  be  removed  by  the  alkaline 

{»russiates.  When  a  pecipitate  is  produced 
n  water  by  muriate  of  lime,  carbonate  of  lime, 
and  muriate  of  magnesia,  we  may  conclude 
that  it  contains  alum  or  sulphate  of  alumina. 
Sulphate  of  magnesia  may  be  detected  by 
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IH6MW  of  b j^dnMiUhaict  ni  jtfWfUwM^  whidi 
oocuioBt  an  immeaiate  pfsedpiute  vith  this 
mlL,  and  with  no  other ;  proyided  the  water 
be  pievioiuly  d^Rived  of  alum,  if  any  be  pie- 
aeot,  by  meant  of  carbonate  of  lime,  and  pio- 
TidedMso  thatiteontaitttnounoombinedadd. 

Sulphate  of  iron  is  precipitated  firom  water 
by  alcohol,  and  then  it  may  be  eaaly  reoog- 
mted  by  ita  properties. 

2.  Toasoertam  thepreaenceofthedifiennt 


The  moiiates  found  in  waten  amount  to 
ci^it,  er  to  nina,  if  muriate  of  iron  be  in- 
dnded.  The  moat  common  by  far  is  muriate 
of  soda. 

Mnriatt  of  aoda  and  of  potsah  may  be  de- 
tected bT  the  following  method: — Separate 
the  sulphuric  acid  by  alcohol  and  nitrate  of 
barytes.  Decompose  the  earthy  nitrates  and 
muriates  by  adding  fluh>huiic  aod.  Expel  the 
cxeen  of  muriatic  and  nitric  adds  by  heat. 
Separate  the  sulphates  thus  formed  by  alcebol 
and  barytes  water.  The  water  thus  purified 
can  contain  nothing  but  alkaline  nitiatea  and 
Boniialea.  If  it  foim  a  precipitate  with  acetate 
of  sflvflE,  we  may  coodnde  that  it  contains 
moiiate  of  soda  cr  of  potash.  To  ascertain 
wfaicfa,  eraporate  the  liouid  thus  predpitated 
to  diynesa.  DisaolTo  me  acetate  in  alcohol, 
and  agsin  eTaponte  to  dryness.  The  salt 
will  ddiquesoa,  if  it  be  acetate  of  potash ;  but 
effloresce,  if  it  be  acetate  of  soda. 

The  potash  aidts  are  most  readily  distin- 
guished by  the  predpitate  which  they  aiBxd 
to  muriate  of  platinum,  wliich  the  soda  salts 
do  not  occasion. 

Muriate  of  barytes  may  be  detected  br 
aubphuric  acid,  as  it  i>  the  only  barytic  salt 
hitherto  found  in  water. 

Muriate  of  lime  may  be  detected  by  the 
following  method:  — Free  the  water  from 
sulphate  of  lime  and  other  sulphates,  by  era- 
porating  it  to  a  few  ounces,  mixing  it  with 
alcohol,  and  adding  last  of  all  nitrate  of 
barytes  as  long  as  any  predpitate  upptan. 
Filter  the  water;  cnrapoiate  to  dryneaa;  treat 
the  dry  mass  with  alcohol;  evaporate  the 
alcohol  to  dryness ;  and  disBolve  the  residuum 
in  water.  If  this  solution  give  a  predpitate 
with  acetate  of  silver  and  oxalic  aad,  it  may 
contain  muriate  of  lime^  It  must  contain  it 
in  that  case,  i£^  after  being  treated  with 
caibonate  of  lime,  it  give  no  precipitate  with 
ammonia.  If  the  liqwd  in  the  reodver  give  a 
predpitete  with  nitrate  of  silver,  muriate  of 
nme  existed  in  the  water. 

Muriate  of  magnesia  may  be  detected  by 
separating  aH  the  sulphuric  add  by  means  of 
nitrate  of  barytes.  Filter,  evaporate  to  dry- 
ness, and  treat  the  dry  mass  with  aleohoL 
£vaporatethe  alcoholic  solution  to  dryness, 
and  dissolve  the  residuum  in  water.  The 
muriate  of  magnesia,  if  the  water  contained 
any»  wfll  be  found  in  this  solutioo.  Let  us 
suppose,  that,  by  the  teste  formerly  described, 


the  piesence  of  mnriatie  add  and  of  f 
in  this  soIutioD,  has  been  ascertained, 
case,  if  carbonate  of  lime  aflnd  no  ptactpsteie, 
and  if  sulphuric  add  and  evaporatson,  togetlMi' 
with  the  addition  of  a  little  akobol,  oocwmi 
no  piedpitate,  the  solution  I'^Kainn  oai^ 
muriate  of  magnesia.  If  theae  testa  ^vc 
piedpitatea,  we  most  afpaiate  the  fim^  which 
is  present  by  sulphuric  add  and  aloohd,  and 
distfl  afftheacid  with  wfaieh  it  was  eoabiBed. 
Then  the  magnesia  is  to  be  sepgated  by  the 
oxalic  add  and  alcohol,  and  die  add  with 
which  it  was  united  is  to  be  diatillBd  oC  If 
the  liquid  in  the  retort  give  a  pfedpttatewiifa 
nitrate  of  silver,  the  water  cnnfainf  mniiate  of 


Muriate  of  alumina  mi^  be  dlaoovered  by 
saturating  the  water,  if  it  oontsiii  an  excess  of 
alkali,  with  nitric  add,  and  by  aeparaling  die 
sulphuric  add  by  means  of  nitrate  of  barytes.. 
If  the  liquid,  thus  purified,  give  a  pivcipitate 
with  csibonateof  liine»  it  contains  nmriate  of 
ahimina.  The  muriate  of  iron  or  of  mas- 
gancae,  if  any  be  preaent,  is  abo  decomposed, 
and  the  iiDO  pndpilaled  by  this  salt.  The 
predultete  may  be  disaolvad  in  mnoiadc  acid, 
and  tneahmiina,  iron,  and  manganeae.  If  diey 
be  present,  may  be  separated  by  the  rules  laid 
downr  below. 

3.  To  ascertain  the  prasenoe  of  the  diftRBt 
nitrates.  The  nitrates  but  addom  occur  in 
waters;  but  when  they  do,  they  may  be  de- 
tected by  the  following  resulte: 

Alksilinenitntesmi^  be  detected  byfreeii^ 
die  water  examined  firom  sulphuric  add  by 
means  of  acetate  of  bar]rtes,  and  from  mniiatk 
add  by  acetate  of  nlver.  Evaporate  dbe 
filtered  Uquid,  and  treat  the  dry  maas  with 
alcohd ;  what  the  alcohol  leaves  can  oonsist 
only  of  the  alkaline  nitrates  and  acetate  of 
lime.  Dissolve  it  in  water.  If  caibonate  of 
magnesiaoccasion  aprecipitate,  lime  is  present. 
Separate  the  lime  by  mesne  of  carbonate  of 
magnesia.  Filter  and  evaporate  to  diyneaa, 
and  treat  the  dried  mass  with  alcoboL  The 
alcohol  now  leaves  only  the  aUudme  nitratea* 
whidi  may  be  easily  recognised,  and  diado- 
guished  by  thdr  respective  properties. 

Mr.  Fflvaday  baa  latdy  detected  nitric  add 
in  the  form  of  anitrate  in  aChdtenham  water, 
called  the  ordiaidwdL  On  adding  sulphuric 
add  to  a  portion  of  this  water  in  quantity 
abundandy  sofikient  to  decompose  all  the  saltt 
subject  to  ite  action,  and  boiling  ancfa 
acidulated  water  in  a  Flormce  flask,  with  a 
leaf  of  gold,  for  half  an  hour,  or  an  hour, 
the  gold  dtber  in  part  orentirdy  disappeared, 
and  a  solution  was  obtained,  which,  when 
tested  by  proto-muriate  of  tin,  gave  a  deep 
purple  tint.  Hence,  the  presence  of  nitric  add 
orij^nally  in  the  water  was  infcned;  and  thst 
no  mistake  mig^t  occur,  a  solution  was  made 
in  pure  water  of  sU  the  salts  except  the  nitrate 
found  in  the  water,  bo3ed  with  some  of  the 
same  sulphuric  add,  and  tested  by  the  same 
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lof  tbi  Imtia  AJBCHenooaloiirims 
affiirded,  or  any  gold  dissdLyQd.  Journal  of 
Science^  xvii.  178. 

Mitnte  of  lime.  To  detect  this  salt,  con- 
ceatmte  the  water,  and  mix  it  with  akobol  to 
wpaxEte  the  nilphatee.  Filter,  aod  distil  off 
the  alcohol ;  then  sepantte  the  muriatic  add 
by  aeetete  of  silver.  Filter,  evaporate  to 
dryneaa,  and  dissolve  the  resldaum  in  aloohoL 
JBvaporate  to  dryness,  and  dissolve  the  dry 
mass  in  water.  If  this  last  solution  indicate 
the  presence  of  lime  hy  the  usual  tests,  the 
water  cootained  nitrate  of  lime. 

To  detect  nitrate  of  magnesia,  the  water 
is  to  he  freed  from  sulphates  and  muriates 
exactly  as  descrihed  in  the  last  paragraph. 
The  liquid  thus  purified  is  to  he  evaporated 
to  dryness,  and  the  xeaiduum  treated  with 
alcohol.  The  alcoholic  solution  is  to  be 
evaporated  to  dryness,  and  the  dry  mass 
dissolved  in  water.  To  this  solution  potash 
is  to  bie  added,  as  long  as  any  precipitate 
appears.  The  solution,  filtered,  aod  again 
evaporated  to  dryness,  is  to  be  treated  with 
alcohol.  If  it  leave  a  residuum  consisting  of 
Bitre  {ihe  only  residuum  which  it  can  leave), 
the  water  contained  nitrate  of  magnesia. 

Su^  are  the  methods  by  whidi  the  presence 
of  the  difibrent  saline  contents  of  wotexs  may 
be  ascertained.  The  labour  of  analysis  may 
be  ooosidBiably  shortened,  hy  observiiig  that 
the  fbUowiog  salts  are  incompatible  wim  eadi 
other,  and  cannot  exist  together  in  water,, 
exespt  in  very  minute  piopovtioa: 

Salti.  IiieonipalSbtowich 

r  Nitrates  of  lime  and  mag- 
Fixed  alkaline    9     nesia, 
sulphates       f  Muriates  of  lime  and  mag- 
V.     nesia. 
Alkalis, 
»-  Carbonate  of  magnesia, 

<  Muriate  of  barytei. 
Alkalis, 
Muriate  of  barytas, 

•  Mitrate,  muriate,  caibonate 

oflixne, 
^Carbonate  of  magnfaia. 
r  Alkalis^ 

1  Muriate  of  borytes, 
A  Nitrate   and   nmriate   of 
C     lime. 
rAlkalas, 
Sulphate  of  iron<  Muriate  of  barytes, 
t  Earthy  carbonates. 
iSalphales, 
^  Alkaline  csrbonates, 
(  Earthy  carbonates. 

<  Sulphates,  except  of  Ume, 
Muriate  of  Ume -J  Alkaline  carbenatea, 

f  Earth  J  carbonates. 
Muriate  of  mago  f  Alkahnc  carbooatea, 
\AlkaUne  sulphates. 

!  Alkaline  carbonates, 
CariMnate  of  magnesM  and 
alumina, 
Sulphatoi,  except  of  Ume. 


Sulphate  of  Ume' 


Alum 


Sulphate  of 


Muriate  of 
barytes 


Nitrate  of  lime 


Beside  tiie  substances  above  described,  tiieie 
is  sometimes  found  in  water  a  quantity  of 
bitumen  combined  with  alkali,  and  in  die 
state  of  soap.  In  such  waters  adds  occasion 
a  Goagulatkm ;  and  the  coagulum  coUected  on 
a  filter  discovers  its  bitnmous  nature  by  its 
combustibility. 

Water  also  sometimes  contains  extraetiv 
nutter;  the  presence  of  which  maybedetecte^ 
by  means  of  nioate  of  silver.  The  water 
suspected  to  contain  it  must  be  fteed  from 
sulphuric  and  nitric  acid  hy  means  of  nitrate 
of  lead ;  after  this,  if  it  give  a  brown  preri- 
pitate  with  nitrate  of  silver,  we  may  conclude 
that  extractive  matter  is  present 

But  it  is  not  sufficient  to  know  that  a 
mineral  water  contains  certain  ing^vediento; 
it  is  necessary  to  ascertain  the  propottions  of 
these,  aiul  thus  we  ariive  at  their  complete 
analysis. 

1.  The  difierent  aerial  fluids  ought  to  be 
first  separated  and  estimated.  For  this  purpose, 
a  retort  should  be  filled  twa.thirds  with  the 
water,  aod  connected  widi  ajar  fuU  of mcreuiy, 
standing  over  a  mercurial  trough.  Let  the 
water  be  made  to  boil  for  a  quarter  of  an  hour. 
The  aerial  fluids  wiU  pass  over  into  the  jar. 
When  the  apparatus  is  cool,  the  miaatiqr  of 
air  expelled  firam  the  water  may  bedetennmed 
either  by  bringing  the  mcRory  widiin  and 
without  the  jar  to  a  level;  or  if  tfab  osnnot 
be  done,  by  reducing  the  ak  to  the  pioper 
density  by  calculation.  The  air  of  the  retort 
ought  to  be  carefuUy  subtracted,  and  die  jar 
should  be  divided  into  cubic  inches  and  tcn&s. 
The  only  gaseous  bodies  contained  hi  water 
are,  common  air,  oxygen  gas,  nitrogen  gas, 
oarlKxiic  add,  sulphuretted  hydrogen  gss,  and 
sulphurous  add.  The  last  two  never  exist  in 
water  together.  The  presence  of  either  of 
them  must  be  ascertained  previously  by  the 
appUcation  of  the  proper  tests.  Ifsnlpiraretted 
hydrogen  gas  be  presenti  it  will  be  mixed  with 
the  air  contained  in  the  glass  jar,  and  must 
be  separated  before  this  air  be  examined.  For 
this  purpose  tiie  jar  must  be  removed  into  a 
tub  of  warm  water,  and  nitric  acid  inteodooed, 
whidi  will  absoih  the  sulphuretted  hydrogen. 
The  residuum  is  then  to  be  again  put  into  a 
mercurial  jar,  and  examined. 

If  the  water  contain  sulphunms  add,  this 
previous  step  is  not  necessary.  Introduce  into 
the  air  a  solution  of  pure  potash,  and  agitote 
the  whole  gendy.  The  carbonic  add  and 
sulphurous  add  gas  wiU  be  absorbed,  and 
leave  the  other  gases.  The  bulk  of  this 
reddunm,  subtracted  from  the  bulk  of  the 
whole,  irill  give  the  bulk  of  the  carbonic  acid 
and  sulphurous  add  afasoribed. 

Evaporate  tiie  potash  slowly,  almost  to 
dryness,  and  Isave  it  exposed  to  the  atmo- 
sphere. Sulphate  of  potash  wiU  be  formed, 
which  may  be  separated  by  dissolving  the 
carbonate  of  potash  by  means  of  diluted  mu- 
riatic add,  and  filttting  the  oolotion.  100 
grains  of  sulphate  of  potash  indicate  30<4 
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mins  of  tuIphinottB  add,  or  58'd6  cubic 
inches  of  that  add  in  the  state  of  gas.  The 
bulk  of  sulphurous  add  gas  ascertained  by 
this  method,  subtracted  irom  the  bulk  of  the 
gas  absorbed  by  the  potash,  gives  the  bulk 
of  the  carbonic  add  gas.  Now  100  cubic 
inches  of  carbonic  acuC  at  the  temperature 
of  00*  and  barometer  30  inches,  weigh  46-6 
grains.  Hence  it  is  easy  to  ascertain  its  weight. 
The  gas  remaining  may  be  examined  by 
the  common  eudiometrical  processes. 

When  a  water  contains  sulphuretted  hy. 
diogen  gas,  the  bulk  of  this  gas  is  to  be 
ascertained  in  the  following  manner:  Fill 
three-fourths  of  a  jar  with  the  water  to  be 
examined,  and  invert  it  in  a  water  trough, 
and  introduce  a  little  nitioas  gas.  This  gas, 
mixing  with  the  air  in  the  upper  part  of  the 
jar,  wOl  form  nitrous  add,  which  will  render 
the  water  turbid,  by  decomposing  the  sul- 
phuretted hydrogen,  and  pcedpiuting  sulphur. 
Continue  to  ad4  nitrous  gas  at  intenrus  as 
loi^  as  red  fumes  appear,  then  turn  up  the  jar 
and  blow  out  the  air.  If  the  hepatic  smell 
continue,  repeat  this  process.  The  sulphur 
predpitated  mdicatea  the  proportion  of  b^atic 
gas  in  the  water;  one  grain  of  su^hur  in. 
dioating  the  presence  of  nearly  3  culuc  inches 
of  this  gas. 

2.  After  having  estimatfd  the  gaseous 
bodies,  the  next  step  is  to  ascerUun  the 
proportion  of  the  earthy  carbonates.  Fat  this 
purpose  it  is  necessary  to  deinive  the  water 
of  tto  sulphuretted  hydrogen,  it  it  contain  any. 
This  may  be  done,  dther  by  exposing  it  to  the 
aur  fiar  a  considerable  time,  or  treating  it  with 
Utfaarge.  A  sufficient  quantity  of  the  water, 
thus  purified  if  necessary,  is  to  be  boilB{l  fora 
quarter  of  an  hour,  and  filtered  when  cooL 
The  eairthy  carbonates  remain  on  the  filter. 

The  predpitate  thus  obtained  may  be 
carbonate  of  lime,  of  magnesia,  of  iron,  of 
alumina,  or  even  sulphate  of  lime.  Let  us 
suppose  all  of  these  substances  to  be  present 
together.  Treat  the  mixture  with  diluted 
muriatic  acid,  which  wUl  dissolve  the  whole 
except  the  alumina  and  sulphate  of  lime.  Dry 
this  residuum  in  a  red  heat,  and  note  the 
weight.  Then  boil  it  in  csrbonate  of  soda, 
saturate  the  soda  with  pmiiatic  add*  and  boil 
the  mixture  for  half  an  hour.  CartMnate  of 
lime  and  alumina  precipitate.  Dry  this  vnm 
dpitate,  and  treat  it  with  acetic  add.  The 
lime  will  be  dissolved,  and  ^t  alumina  will 
remain.  Dry  it  and  wdgh  it.  Its  weight, 
subtracted  from  the  original  weight,  gives  the 
proportion  of  sulphate  of  Ume: 

The  muriatic  solution  contains  lime,  mag- 
nesls,  and  iron.  Add  ammonia  as  long  as  a 
neddish  predpitate  appean.  The  iron  and 
part  of  the  magnesia  are  thus  separated.  Dry 
the  predpitate,  and  expose  it  to  the  air  fiw 
some  time  in  a  heat  of  200^ ;  then  treat  it  with 
acetic  acid  to  dissolve  the  magnesia ;  which 
solution  is  to  be  added  to  the  muriatic  soiu. 
tion.    Theiron  » to  be  rediwolvod  in  muriatic 


add,  prodpltaled  by  an  dOcidfaie  catfaottrte, 

dried  and  weighed. 

Add  sulphuric  acid  to  the  nmriatic  aolatkn 
as  long  as  any  predpitate  appears ;  then  hmt 
the  solution  and  concentrate.  Heat  the  sbI- 
phate  of  lime  thus  obtained  to  redness,  and 
weigh  it.  100  grains  of  it  are  equivakst  to 
74*7  of  carbonate  of  lime  dried.  Ftedpitnae 
theniagnesia  by  means  of  carbonate  of  soda. 
Dry  it  and  wdgh  it  But  as  pari  renBauiain 
solution,  evuponU  to  dryness,  and  wash  tiie 
residuum  with  a  suffident  quantity  of  distilled 
water,  to  dissolve  the  muriate  of  soda  and 
sulphate  of  lime,  if  any  be  still  present.  What 
remains  behind  is  carbonate  of  magnesia. 
Wdghit,  and  add  its  weight  to  the  fbnncr. 
The  sulphate  of  lime,  if  any,  must  also  be 
separated  and  weighed. 

3.  We  have  next  to  ascertain  the  f"«r'*«^iF^ 
of  mineral  adds  or  alkalis,  if  any  be  presoat 
uncombined.  The  adds  which  may  be  ptcaeot, 
omitting  the  gaseous,  are  the  solphuDC,  mu* 
riatic,  snd  bondc. 

The  proportion  of  sulphuric  add  is  caaOy 
deteimined.  Saturate  it  with  barytes  walcr, 
and  ignite  the  predpitate;  100  gndns  of 
sulphate  of  barytes  thus  formed,  indicate  3441 
of  real  sulphuric  add. 

Saturate  the  muriaticadd  with  barytes  watery 
and  then  predpitate  die  barytes  by  solplmric 
add.  100  parts  of  the  ignited  predpitate 
are  equivalent  to  23*73  grains  of  real  mmialie 
add. 

Predpitate  the  boiadc  add  by  means  of 
acetate  of  lead.  Decompose  the  borate  of  lead 
by  boiling  it  in  sulphuric  add.  Evaporate  id 
dryness.  Dissolve  the  borscic  add  in  alcohol, 
and  ev^wiate  the  solution;  the  add  left 
behind  may  be  wei^^ed. 

To  estimate  ^  proportion  of  alkaline 
carbonate  present  in  a  water  contaimog  it, 
saturate  it  with  sulphuric  add,  and  note  the 
weight  of  real  add  neceasary.  NowlOOgiains 
of  rad  sulphuric  add  saturate  120.0  potash, 
and  80-0  soda. 

4.  The  alkaline  sulphates  may  be  eslimalBd 
by  piedpitating  their  add  by  meana  of  nitiate 
of  barytes,  having  previously  freed  the  water 
from  all  odier  sulphates;  for  14*7^  grains  of 
ignited  sulphate  of  barytes  indicate  9-0  grains 
of  dried  sulphate  of  soda;  whUe  14-75  sol- 
phate  of  barytes  indicate  11  of  dry  sn^hate  of 
potash. 

Sulphate  of  lime  is  easily  estinuited  by 
evaponting  the  liquid  eontaining  it  Co  a  few 
ounces  (having  previously  saturated  the  earthy 
carbonates  widi  nitric  add),  and  piedpitatiitf 
the  sulphate  of  lime  by  means  of  weak  aloohoL 
It  may  then  be  dried  and  weighed. 

The  quantity  of  alum  may  be  fstlmatpd  by 
predpitating  the  alumina  by  carbonate  of  lime 
or  or  magnesia,  (if  no  lime  be  present  in  die 
liquid).  Eleven  groins  of  the  alumina,  heated 
to  incandescence,  mdieate  100  of  oy^aDiaed 
alum,  or  65  of  dried  salt 
Sulphate  of  magnesia  may  bt  estimated* 
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^  00  ^Sbgf  mlplttlie  be  prtaem,  by 
P^Mipitotiiig  the  «dd  1^  means  of  a  barytic 
aaU,  ae  14>76  parte  of  Ignhed  sulphate  of  ba- 
rytes  indicate  'J.b  oi  ralphate  of  magneria. 
6  sulphate  of  lime,  and  no  odMr  snlphate, 
aoflompaiiy  it,  «hi«  may  be  deoompt 
llieljme  nedpUated  bv  carbonate  of  mag. 
neria.  llie  ivdglit  of  the  lime  thus  obtained 
onabke  ns  to  asoortain'tbe  quantityof  Bolphate 
of  lime  contained  in  the  water.  The  whobof 
Ifaesuiphttrio  acid  is  then  to  be  precipitated  by 
bovytes.  This  gives  the  qoantity  of  sulphuric 
add ;  and  sablncling  the  portion  which  bj- 
loDgB  to  the  sulphate  of  lime,  there  remdns 
that  winch  was  ctmbined  with  the  magoeria, 
from  Kfakh  the  sulpliate  of  magnesia  may  be 
easifar  estiniatfd. 

It  solphate  of  soda  be  present,  no  earthy 
nitiate  A  nmriate  can  esisL  Therefore,  if  no 
otius  earthy  solphate  be  present,  the  magnesia 
may  bepiecipitated  by  eodu,  dried  and  weighed ; 
3*6  grshis  of  whkh  indicate  7*6  grains  of 
dried  sulpliate  of  magnesia.  The  same  process 
snooeeds  when  sulphate  of  lime  aooompanies 
^sse  two  snlphates ;  only  in  this  case  the 
praoipitBte,  which  consists  both  of  Ihne  «nd 
magnifiiW)  is  to  be  dissolved  in  solphnrie  add 
evaporated  to  dryness,  and  treated  with  twice 
its  wd|[^  of  ooid  water,  wMdi  dissoWes  the 
•olphaSe  of  magnesia,  and  leaves  die  other  salt 
Zjet  the  snrlphabB  of  magnesia  be  evaporated 
todracss,  exposed  to  a  heat  ofdOO*,  and 
veigned.  The  same  process  snoceeds,  if  alum 
be  psssent  xnstead  of  sidpliate  of  lime*  The 
preslpitate  in  this  case,  pnvioasiy  dried,  is  -to 
be  treated  with  acetic  add,  whidi  disstdves 
the  ma^neda,  and  leaves  the  ahimina.  Tho 
insgnewa  maybe  again  prodpitated,  dried, 
and  weighted.  If  sulphate  of  iron  be  present, 
it  may  be  separated  fay  exposing  tiie  water  to 
4he  -air  for  some  days,  and  mhring  widi  it  a 
pottion  of  alumina.  Both  die  oxide  of  ivoo 
and  die  sulpiiate  of  aluorfna,  thus  formed, 
vMcspitate  in  die  stale  of  afainsolable  powder. 
Tlie  sulphate  of  magnesia  may  dwn  lie  esd- 
mated  by  the  rules  above  given. 

Sul^iate  of  iron  may  be  estimated  by  pre- 
dpitatmg  die  iron  bymeans  ofprussicalkidii 
hating  previously  determined  the  wei|^t  of  the 
preeipitate  produced  by  the  iimesiate  in  a 


solntion  of  a  given  wei^  of  sulphate  of  htm 
in  water.  If  mmiate  of  iron  be  also  present^ 
whidi  is  a  vffy  ran  case,  it  may  be  separated 
by  evapoiating  die  water  to  diyness,  and 
treating  the  redduura  widi  alcohol,  whidi 
dissolves  the  muriate,  and  leaves  the  sulphate^ 

&  If  muriate  of  potash,  or  of  soda,  without 
any  other  salt,  exist  in  water,  we  have  only  to 
decompose  them  by  nitrate  of  silver,  and 
dry  the  prodpitate;  for  18M  of  muriate  of 
silver  indicate  9-6  of  murUte  of  potadi ;  and 
18-26  of  muriate  of  silver  indicate  7*&  of  com. 
moo  salt. 

The  same  process  is  to  be  followed,  if  the 
alkaline  carbonates  be  present;    only  these 


carbonated  most  be  prevloosly  saturated  with 
sulphuric  acid;  and  we  must  pred^tate  die 
muriatic  add  by  means  of  sulpiiate  of  silver 
mstead  of  nitrate.  The  presence  of  sulphate 
of  soda  does  not  injure  the  success  oi  this 
proeess- 

If  muriate  of  ammonia  accompany  dthcr 
of  the  fixed  a^aline  sulphates,  widiout  the 
presence  of  any  other  salt ;  decompose  the  sal 
ammoniac  by  barytcs  water,  expel  the  ammo- 
nia by  boiling,  predpitate  the  barytes  by 
diluted  sulphuric  add,  and  saturate  the  muii- 
adc  add  with  soda.  The  sulphate  of  barytes 
thus  piedpitated  indicates  the  quantity  of 
muriate  of  ammonia,  14*7d  grains  of  sulphate 
indicating  6*75  grains  of  this  salt.  If  any 
snlphates  be  present  in  the  solution,  they 
ouffht  to  be  previously  sepamted. 

If  common  salt  be  accompanied  by  muriate 
of  lime,  muriate  of  magnesia,  muxiate  of  alu* 
mine,  or  muriate  of  iron,  or  by  all  these 
together,  without  any  other  salt,  the  earths 
may  be  precipitated  by  barytes  water,  and 
rcdissolved  in  muriadc  add.  They  axe  then 
to  be  separated  from  each  other  by  die  rules 
formerly  laid  down,  and  their  weight,  bdng 
determined,  indicates  the  quantity  of  every 
particular  earthy  muriate  contained  in  the 
water.  For  60  grains  of  lime  indicate  100  of 
dried  muriate  of  lime;  SO  grains  of  magnesia 
indicate  100  of  the  muriate  o(  that  earth ;  and 
21*8  grains  of  alumina  indicate  100  of  the 
muriate  of  alumina.  The  barytes  is  to  be 
separated  from  the  solution  by  sulphuric  add, 
and  the  muriatle  add  exp^ed  by  heat,  or 
saturated  with  soda;  the  common  sdt  may 
then  be  ascertained,  by  evaporation,  subtract- 
ing  in  the  last  case  the  proportion  of  common 
ssU  indicated  by  tiie  known  qusndty  of  muri- 
atic add  from  which  the  eardis  liad  been 
separated. 

When  sulphates  and  muriates  exist  toge- 
dier,  they  ought  to  be  separated  ddier  by 
nredpitsdng  the  sulphates  by  means  of  aloo- 
nol,  or  by  evaporating  the  whole  to  dryness, 
and  dissolving  the  earthy  muriates  in  alcohol. 
The  salts  thus  senanted  may  be  estimated  by 
the  rules  already  laid  down. 

When  alkahne  and  earthy  muriates  and 
sulphate  of  lime  occur  togedier,  the  last  is  to 
be  decomposed  by  means  of  muriate  of  ba- 


rytes. The  predpitate  ascertains  the  weight 
cif  sulphate  of  lime  contained  in  the  water. 
The  estimation  is  then  to  be  eonducled  as 
when  nothing  but  muriales  are  prDvent,  only 
from  the  muriate  of  lime  that  proportion  of 
muriate  must  be  deducted  which  is  known  to 
have  been  fbrmed  by  the  addition  of  the  muri- 
ate of  barytes. 

When  muriates  of  soda,  magnesia,  and 
alumina  are  present  together  with  sulphaten 
of  lime  and  magnesia,  the  water  to  be  exa- 
mined ought  to  be  divided  into  two  equal 
portions.  To  the  one  portion  add  carbonate 
of  magnesia  till  the  whole  of  the  lime  and 
3  F 
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alumina  b  precipitated.  AMertain  thequan- 
tity  of  lime  which  gives  the  proportion  of 
talphate  of  lime.  I^edpitate  the  sulphuric 
add  by  muriate  of  barytes.  This  gives  die 
quantity  contained  in  the  sulphate  of  mag- 
nesia and  sulphate  of  lime :  subtracting  this 
last  portion,  we  have  the  quantity  of  sulphate 
of  magnesia. 

From  the  second  portion  of  water,  preeipi* 
tate  all  the  magnesia  and  alumina  by  means 
of  lime  water.  The  weight  of  these  earths 
enables  us  to  ascertain  the  weight  of  muriate 
of  magnefiia  and  of  alumina  contained  in  the 
water,  subtracting  ihat  part  of  the  magnesia 
which  existed  in  me  state  of  sulphate,  as  indi- 
cated by  the  examination  of  the  first  portion 
of  water.  After  this  estimation,  precipitate 
the  sulphuric  add  by  barytes  water,  and  the 
lime  by  carbonic  add.  The  Uquid,  evaporated 
to  dryness,  leaves  the  common  salt. 

6.  It  now  only  remains  to  explain  the  m&. 
thod  of  ascertaining  the  proportion  of  the  ni- 
trates which  n»y  exist  in  waters. 

When  nitre  accompanies  sulphates  and 
muriates  without  any  other  nitrates,  the  sul- 
phates  are  to  be  decomposed  by  acetate  of  ba- 
rytes, and  tlie  muriates  by  acetate  of  silver. 
The  water,  after  filtration,  is  to  be  evaporated 
to  dryness,  and  the  residuum  treated  with  al- 
cohol, which  dissolves  the  acetates,  and  leaves 
the  nitre,  the  quantity  of  which  may  be  easily 
calculated.  If  an  alkali  be  present,  it  ought 
to  be  previously  saturated  with  sulphuric  or 
muriatic  add. 

If  nitre,  common  salt,  mtiate  d  lime,  and 
muriate  of  lime  or  magnesia,  be  present  toge- 
ther, the  water  ou^t  to  be  evaporated  to  dry- 
ness, and  (he  dry  mass  treated  with  alcohol, 
which  takes  up  the  earthy  salts.  From  the 
residuum,  redissolved  in  water,  the  nitre  may 
be  separated,  and  calculated  as  in  the  last 
case.  The  alcoholic  solution  is  to  be  evapo- 
rated  to  dryness,  and  the  residuum  redissolved 
in  water.  Let  us  suppose  it  to  contain  muri- 
ate  of  magnesia,  nitrate  of  lime,  and  muriate 
of  lime.  Predpitate  the  muriatic  add  by  ni- 
trate of  silver,  which  gives  the  proportion  of 
muriate  of  magnesia  and  of  lime.  Separate 
the  magnesia  by  means  of  carbonate  of  lime, 
and  note  its  quantity.  This  gives  the  quan- 
tity of  muriate  of  magnesia ;  and  subtracting 
the  muriatic  add  contained  in  that  salt  from 
the  whole  add  indicated  by  the  precipitate  of 
silver,  we  have  the  proportion  of  muriate  of 
Ume.  Lastly,  saturate  the  lime  added  to  pre- 
dpitate the  magnesia  with  nitric  add.  llien 
predpitate  the  whole  of  the  lime  by  sulphuric 
add ;  and  subtracting  iram  the  whole  of  \bt 
sulptiate  thus  formed  that  portion  formed  by 
the  carbonate  of  lime  added,  and  by  the  lime 


contained  in  ^  moriate,  the  fedAmim  givw 
us  the  Ume  contained  in  the  originBi  ntemle; 
and  35  grains  of  lime  fivm  193^  of  dry  nilnfte 
of  lime. 

In  the  year  1807,  I>r.  Maroet  adwDccd 
some  new  ideas  on  the  art  of  analyiing  nmie- 
nd  waters,  inanadBunUepaperon  thevater 
of  the  Dead  Sra,  inserted  in  the  FhiL  TinoB. 
actions.  *^  It  is  satia&etoiy  to  okaerve,*  aatyt 
this  excellent  diemiat,  <*  dial  Bb  Bf  unay 
adopted,  seversl  years  afterwaida,  a  mode  it 
poceeding  predsdy  nmHar,  and  indeed  liiat 
he  proposed,  in  a  subsequent  paper,  a  geaenl 
formula  for  the  analysis  of  mineral  watcn,  in 
whidi  this  method  is  pointed  ont^  aa  likely  to 
lead  to  the  nfitMt  aeeuxate  rasidfa.  And  this 
ednddenoe  is  the  more  remarkaUe,  aa  it 
would  appear  Afom  Dr.  Murray  not  mmlianhig 
my  laboun,  that  tfaey  had  not  at  that  time 
come  to  his  knowledge.''  ThXL  Trmu.  1819, 
portii. 

The  fdOowing  table  exhibits  die  ootnpoai. 
tions  of  the  prindpal  mmeral  waters  as  wdl  aa 
that  of  the  sea.  The  reader  wifl  find  in  the 
PhiL  Trans,  for  1819  a  very  vahiahle  diaaer- 
tatim  on  sea-water,  hy  Dr.  Maireet,  of  wliidi 
a  good  abstzact  is  given  in  die  8d  volome  of 
the  £dio.  PhiL  JouniaL  This  {Ailoaophsr 
shows  that  in  BafflnVBay,  the  Meditemnean 
Sea,  and  die  Tropical  Seu,  the  ttmferttmrt 
of  die  sea  dinmAihet  widi  die  depdi,  aoeord. 
ing  to  the  observations  of  Phim,  Rosa,  Pany, 
Sabine,  Saussure,  Ellis,  and  Penm;  but  diat 
in  the  Arctic  or  Oieenland  Seas,  die  temfer^ 
tureo[€b»taLinercaatswiihiSt»6epl^  This 
angular  result  was  first  obtained  bv  Mr. 
Soomby,  in  a  series  of  wdl«6aQdttc«ea  expe- 
riments, and  has  been  confirmed  by  the  liter 
observadons  of  lieutenants  Franklin  and 
Beechv,  and  Mr.  Flaher. 

I  shall  prefix  the  results  of  die  recent  ana- 
lysis by  M.  Benefius  of  the  waters  of  Carls- 
bad. They  are  very  extnordioaiy,  and  he 
has  found  many  aubatancea  not  hitherto  wis- 
pected  to  exist  in  tliem« 

Sulphate  of  soda 

Carbonate  of  soda 

Muriate  of  soda 

Carbonate  of  lime 

Fluate  of  lime 

Phosphate  of  lime 

Carbonate  of  atrandtes 

Carbonate  of  iniigmaia 

Phosphate  of  alumina 

Carbonate  of  iron 

Carbonate  of  manganeae    a  trace 

Silica  0.07504 
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000019 
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R  (OXYGENIZED),  or  deuu 
ydrogen.  Thb  interesting  com- 
been  lately  formed  by  M.  Thenard, 
•ount  of  it  published  in  the  ienih 
:he  Annales  de  Chimin  et  de  Phy- 
le  deutoxide  of  bariam  being  dis- 
water,  and  sulphuric  acid  added, 
de  of  barium  or  barytes  falls  down, 
!  oxygen  combined  with  the  water. 
,  at  '329  F.  when  saturated,  twice 
r  of  oxygen  of  common  water ;  that 
:ubic  inch  absorbs  662  cubic  inches 
gr.  fonning  476*96  grains,  flod  ac- 
xific  gravity  of  l-4d3.  Hence  1*6 
becomes  apparently  1*3 ;  contain* 
volumes  of  oxygen;  and  1  volume 
in  tains  very  nearly  1000  volumes. 
quence  of  this  great  density,  when 
I  into  common  water,  we  see  it  fall 
igh  that  liquid  like  a  sort  of  syrup, 
i  very  soluble  in  it  It  attacks  the 
almost  instantly,  and  produces  a 
lain,  the  duration  of  wfaidi  vaiies, 

0  the  quantity  of  the  liquid  ap- 
te  skin.  If  this  quantity  be  too 
r  the  liquid  be  renevfed,  the  skin 
tacked  and  destroyed.     When  ap. 

tongue,  it  whitens  it  alBO,  thickens 
md  produced  in  the  o^ans  of  taste 
dlfEcult  to  express,  but  one  which 

to  that  of  tartar  emetic.  Its  ac. 
de  of  silver  is  exceedingly  violent. 

of  the  liquid  let  faU  on  the  dry 
ices  a  real  explosion ;  andsomu^ 
ved,  that  if  the  experiment  be  made 
lace,  there  is  a  very  sensible  disen- 
f  light.  Besides  the  oxide  of  silver, 
iveral  other  oxides,  which  act  with 

1  oxygenated  water;  for  example, 
e  of  manganese,  that  of  cobalt,  the 
iad,  platinum,  gold,  iridium,  rho- 
adium.  Several  metds  in  a  state 
division  occasion  die  same  phene- 
ch  as  silver,  platinum,  gold,  os- 
lum,  rhodium,  palladium.  In  all 
ng  cases,  it  is  always  the  oxygen 
he  water  which  is  disengaged,  and 
Likewise  that  of  the  oxide ;  but  in 
ortion  of  the  oxygen  unites  with 
self.  This  is  the  ease  when  arsenic, 
[n,  tungsten,  or  seknium  is  em» 
icse  metals  are  often  acidified  with 
ion  of  light. 

s  render  the  oxygenated  water  more 
)ld  in  a  state  of  extreme  division 
^reat  force  on  pure  oxygemUed 
it  has  no  action  on  that  liquid,  if 
with  a  little  sulphuric  add. 
ard  took  pure  oxygenated  water, 
it,  so  that  it  contained  only  6  times 
•f  oxygen.  He  passed  22  measures 
tube  tilled  with  mercury.  He  then 
I  little  fibrin,  quite  white,  and  re-. 
icttd  from  blood.  The  oxygen 
ntly  to   be  disengaged  from  the 


water;  the  merciify  fat  the  tube  tu&k ;  MdM 

end  of  six  milmtos  the  water  was  oompletdy 

disoxygenated ;  for  it  no  Unger  efierre 

with  oxide  of  silver.     Having  i 

the  gas  disengaged,  he  found  it,  176 1 

=  8  X  22,  that  is  to  say,  as  much  as  the 

liquid  contained.     This  gas  eontaioed  ndtfaer 

carbonic  acid  nor  azote.     It  was  pure  oxygen. 

The  same  fibrin  placed  in  eoqtact  «ii]i  new 

portions  of  oxy^aiated  water,  acted  in  thtf 

same  manner. 

Urea,  albumen,  liquid  or  solid,  and  gdatin, 
do  not  disengi^^  oxygen  firom  water,  even 
very  much  oxygenated.  But  the  tiasde  of  the 
lungs  cut  into  thlA  slices,  and  well  washed  ; 
that  of  the  kidn^s  and  the  q^Jeen^  drive  the 
oxygen  out  of  the  water,  with  as  mudi  fitcili^, 
at  least,  as  fibrin  does.  The  skin  and  the 
veins  possess  the  same  property,  but  in  a 
weaker  degree.  These  ranks  are  equafly  in- 
teresting and  mysterious.  For  a  valuable  9^ 
plication  of  oxygenated  water,  see  Paivts. 

WAVELITE.  Coloiir  gmyish- white. 
Imitative  and  crystallized,  in  veiy  obliqiie 
four-sided  prisms,  flatly  bevdled  on  the  ex- 
tremities, or  truncated  on  the  obtiwe  latent 
edges.  Shining,  pearly.  Fragments  wedg^- 
shaped.  Translucent  As  hard  as  floor  sfiar. 
Britde.  Sp.  gr.  2-3  to  2-8.  Its  constttacMs 
are^  alumina  70,  lime  1-4,  water  26-2. — Dn^* 
It  is  said  to  contain  aleo  a  tfmall  quanti^  of 
fluoric  add.  It  occurs  in  veins  along  with 
fluor  spar,  quarts,  tinstoiie^  and  eopper  pyziies 
in  graait^  aft  St.  Auatle  in  ComwaU.  At 
Barnstaple  in  Devonshire,  where  it  was  first 
found  by  Dr.  Wavell,  it  traverBes  slate-day, 
in  the  form  of  smaQ  oantemporsiieoaa  ▼cnsi 
It  has  been  fi>und  in  vodcs  of  slate-day,  bear 
Loch  HumphTcy,  Dumbanonifa&e. 

WAX  is  an  oily  concrete  matlff  gatfaeaed 
by  bees  from  plants.  Proust  says,  thst  fbe 
bloom  on  fruit  is  real  wax;  aad  that  ft  is  wax 
spread  over  leaves,  which  pKvents  them  finom 
being  wetted,  as  on  the  cabbige4eafl  He  like- 
wise finds  it  in  the  fecula  of  some  t^etaUea^ 
particulaily  in  that  of  the  small  houaeJeek,  in 
which  it  abounds.  Huber,  however,  asscftS| 
ftom  hJs  observations,  that  die  wax  in  be». 
hives  is  an  artificial  producdon,  made  by  the 
bees  from  hoUey ;  that  they  caanot  piocare  i% 
unless  they  have  honey -er  sugar  ier  the  pur* 
pose;  and  that  raw  sug^  afieids  more  than 
honey. 

It  was  long  considered  as  arestn,  from  lom^ 
properties  common  to  it  with,  lesiiis.  Like 
them,  it  furnishes  an  oil  and  an  add  by  dis» 
tilladon,  and  is  soluble  in  all  oils;  but  lA 
several  respects  it  differs  sensibly  fTom  nsiiMi. 
Like  these,  wax  has  not  a  strong  uoaiatie 
taste  and  smell,  but  a  very  weak  smell,  and 
when  pure,  no  taste.  With  the  heat  of  boil* 
ing  water  no  prindplcs  are  distilled  ifiom  it ; 
whereas,  with  that  neat,  some  essential  oil,  or 
at  least  a  spMtuous  rectOT)  is  obtaizied  firam 
every  resin.    Farther,  wax  is~kar-SQltthle  in 


WAX 


vos 


WEE 


If  wsz  be  distfiled  with  a  heat 
graater  than  that  ot  boUuig  water,  it  may  be 
eeconipoied,  but  not  so  einly  as  resins  can. 
By  thu  distillation,  a  smaD  quantity  of  water 
it  fiiit  feparated  from  the  wax,  and  then  some 
very  yoUatile  and  very  penetrating  acid,  ac- 
ooomanied  with  a  amaU  quantity  of  a  very 
flnia  and  very  odoriferous  oiL  As  the  distil- 
latioD  advances,  the  add  becomes  more  and 
more  etnmg,  and  the  oil  mere  and  more  thick, 
tiU  its  consistence  is  such  that  it  becomes  soM 
in  the  receiver,  and  is  then  called  butter  of 
wax.  When  the  distillation  is  finished,  no- 
iSbiag  vemains  but  a  small  quantity  of  coal, 
wbaSi  is  almost  inoombustible. 

Wax  cannot  be  kindled,  unless  it  is  pie- 
vlously  heated  and  reduced  into  vapoun ;  in 
which  respect  it  resembles  fat  oOs.  The  oil 
of  butter  of  wax  may  by  repeated  diatillationa 
be  attenuated  and  rendered  more  and  more 
flaid,  because  some  portion  of  add  is  thereby 
seploated  from  these  substances ;  which  effect 
ia  dmilar  to  what  happens  in  the  distillarion 
of  other  oils  and  oily  concretes:  but  this  re- 
markable efite  attends  the  repeated  diatiUa- 
«lon  of  oil  and  butter  of  wax,  that  th^  be- 
aome  more  and  more  soluble  in  alcohol ;  and 
that  they  never  acquire  greater  consistence  by 
evaporation  of  their  more  fluid  parts.  Boer- 
haaive  kept  butter  of  wax  in  a  glass  vessel 
open,  or  carelessly  dosed,  durin|;  twenty  jreais, 
without  acquiring  a  more  solid  consistence. 
It  may  be  tetnaiked,  that  wax,  its  butter,  and 
ita  oil,  differ  entirdy  from  essential  oils  and 
Mains  in  all  the  above  mentioned  properties, 
and  diat  in  all  these  they  perfectly  resemble 
aveetoOi.  Hence  Macquer  condudes,  that 
wax  resembles  resins  only  in  being  an  oil  ren. 
dered  concrete  by  an  add ;  but  that  it  diffeia 
aaamrinlly  from  these  ui  the  kind  of  the  oil, 
wliich  in  leaina  is  of  the  nature  of  essential 
tflls,  while  In  wax  and  in  other  analogous  oily 
•enerelions  (as  butter  of  milk,  butter  of  cocoa, 
flit  of  animals,  apermaceti,  and  myrtle-wax), 
it  ia  of  the  nature  of  mild,  unctuous  oils,  that 
are  not  aromatic,  and  not  volatile,  and  are  ob- 
tained  from  vegetables  by  ezpreaskm. 

It  seems  pr^Ue,  that  the  addifyins  prin- 
alpk,  or  oxygen,  and  not  an  actual  add,  may 
be  Ae  leading  cause  of  the.  solidity,  or  low 
ftialbllity  of  wax.  Wax  is  very  useful,  eape- 
afadly  as  a  better  matctial  than  any  other  for 
candles. 

Wax  may  be  deprived  of  ita  natural  yellow 
diaagieeble  colour,  and  be  perfectly  whitened, 
by  exposure  to  the  united  action  of  air  and 
water,  by  which  method  the  colour  of  many 
•ttbatances  may  be  destroyed. 

The  art  of  bleaching  wax  consists  m  in- 
creasing its  surface ;  for  which  purpose  it  must 
be  mdted  with  a  debtee  of  heat  not  tufllcient 
to  alter  its  quality,  in  a  caldron  so  disposed, 
that  tlie  mdtcd  wax  may  flow  gradually 
tfaiougfa  a  pipe  at  the  bottom  of  the  caldron 
into  a  large  tub  filled  with  water,  in  whidi  is 


fitted  a  laigie  wooden  cyUnder,  that  iums  cob. 
tinually  round  its  axis,  and  upon  which  the 
mdted  wax  falls.  As  the  sut&cc  of  tliis  cy- 
linder is  always  moistened  with  cold  water, 
the  wax  faUmg  upon  it  does  not  adhere  to  it, 
but  quickly  bMomes  solid  and  flat,  and  ac- 
quires die  form  of  ribands.  The  continual 
rotation  of  the  cylinder  carries  off*  these  ribands 
as  fast  aa  they  are  formed,  and  distributes  them 
through  the  tub.  When  all  the  wax  that  is 
to  be  whitened  is  thus  formed,  it  is  put  upon 
large  frames  covered  with  linen  doth,  wMch 
are  supported  about  a  foot  and  a  half  above 
the  ground,  in  a  dtnation  exposed  to  the  air, 
the  dew,  and  the  sun.  The  thickness  of  the 
several  ribands  thus  placed  upon  the  frames 
oug^  not  to  exceed  an  indi  and  a  half,  and 
tb^  ought  to  be  moved  from  time  to  tune, 
that  thnr  may  all  be  equally  exposed  to  the 
action  of  the  air.  If  the  wnther  be  favour- 
able, the  colour  will  be  dianged  in  the  space 
of  some  days.  It  is  then  to  be  re-mdted  and 
formed  into  ribanda,  and  expoaed  to  the  ac- 
tion of  the  air  as  before.  These  operations 
are  to  be  repeated  till  the  wax  is  rendered 
perfectly  white,  and  then  it  is  to  be  mdted 
into  cakes,  or  formed  into  candles. 

Wax  is  composed,  aooording  to  MM.  Gay 
Luaaac  and  Thenard,  of 

Oxjrgen,  6*544 

Hydrogen,  12-072 

Cadwn,  81^784 

UNMMO 

See  Ceuv. 

By  my  analysis  wax  consists  in  100  parts  of. 
Carbon,  80-00  13  atoms  0-76  80-4 
Hydrogen,    11*37        11  1375    11-3 

Oxygen,        7-94  1  1<000      8.8 


100>00  10041 

Or  in  other  words,  of  11  atoms  olefiant  gas 
-jr  1  atom  carbonic  oxide  -f  1  atom  carbon. 
Had  the  experiment  given  a  very  little  more 
hydrogen,  we  should  have  had  wax  as  can- 
dating  of  12  atoms  olefiaot  gas  -{-  1  atom 
carbonic  oxide.     PhU.  Tratu.  for  1822. 

Wax  ia  employed  fiir  many  purpoaea  in 
several  arts.  It  is  also  used  in  meaidne  as 
a  aofWning,  emoUent,  and  relaxing  remedy  t 
but  it  ia  only  used  externally,  mixed  with 
other  substsnces. 

WELD,  OR  WOALD  (reaeda  luteote, 
Linn.),  is  a  plant  cultivated  in  Kent,  Here- 
fordsUre,  and  many  other  parts  of  this  king- 
dom.  The  whole  of  the  pUnt  is  used  for 
dyeing  yeUow;  though  some  assert,  that  the 
seeds  only  afford  the  colouring  matter. 

Two  sorts  of  Weld  are  distinguished :  the 
bastard  or  wild,  which  grows  naturally  in  the 
fields ;  and  the  cultivated,  the  stalks  of  which 
are  snoaller,  and  not  so  high.  For  dyeing, 
the  latter  is  prdierred,  it  abounding  more  in 
cdouiing  matter.  The  more  slender  the  stalk, 
the  more  it  is  valued. 
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When  the  weld  k  lipc,  H  U  pulled,  dikd, 
and  made  into  bundles,  in  which  state  it  ie 


The  f  eOow  oommnnicated  to  wool  by  weld 
has  little  permanencj,  if  the  wool  be  not  pie- 
▼ionsly  prepared  by  some  mordant  For  this 
purpose  alum  and  tartar  are  used,  by  means  of 
which  this  plant  gives  a  very  pure  yellow, 
which  hss  the  advantage  of  bdng  permanent. 

For  the  boiling,  which  is  oonducted  in  the 
common  way,  Hellot  directs  four  ounces  of 
alum  to  evety  pound  of  wool,  and  only  one 
ounce  of  tartar  t  many  dyers,  however,  use 
half  as  nmdi  tartar  as  alum.  Tartar  renders 
the  colour  paler,  but  mote  lively. 

For  the  welding,  that  is,  for  the  dyehig 
with  weld,  the  plant  is  boiled  in  a  ftcsh  bath, 
endosing  it  in  a  hagof  thin  Bnen,  and  keeping 
It  from  rising  to  the  top  by  means  of  a  heavy 
wooden  cross.  Some  dyers  boil  it  till  it  sinks 
to  the  bottom  of  the  copper,  and  thai  let  a 
aoss  down  upon  it  t  othns,  when  it  is  boOed, 
take  it  out  with  a  rake  and  throw  it  away. 

Heikt  directs  five  or  six  pounds  of  wdd  ibr 
every  pound  of  doth;  but  dyers  seldom  use 
so  mudi,  contenting  themselves  with  three  or 
four  pounds,  or  even  much  less. 

To  dye  silk  plain  yellow,  in  geneml  no 
other  ingredient  than  weld  is  used.  Ihe  silk 
ought  to  be  scoured  in  the  proportion  of  twenty 
pounds  of  soap  to  the  hundred,  snd  afterward 
alumed  and  reficihed,  that  is,  washed  after 
the  aluming. 

,A  bath  is  prepared  with  two  pounds  of 
weld  for  each  pound  of  sUk,  whidi,  after  a 
quarter  of  an  hour*s  boiling,  ii  to  be  nassed 
tnniugh  a  sieve  or  doth  into  a  vatt  when  it 
is  of  sudi  a  temperature  as  the  hand  can  bear, 
the  silk  is  put  in,  and  Uxmsd  till  the  colour 
is  become  uniform :  during  this  operation  the 
wdd  is  boiled  a  second  time  in  ftesh  water; 
about  half  of  the  first  bath  is  taken  out,  and 
its  place  supplied  by  a  Atah  decoction.  This 
fresh  bath  may  be  used  a  little  hotter  than  the 
former;  too  great  a  degree  of  heat,  however, 
must  be  avoided,  that  no  part  of  the  ocdour 
already  fixed  may  be  dissdved  t  it  is  to  be 
turned  as  before,  and  in  the  me«i  time  « 
quantity  ct  the  ashes  of  wineless  is  to  be  dis- 
solved m  a  part  of  the  second  decoction ;  the 
sBk  ii  to  be  taken  out  of  the  bath,  that  more 
or  less  of  this  sdution  may  be  put  in,  ac 
cording  to  the  shade  required.  After  it  has 
been  turned  a  few  timM,  a  hank  is  wrung 
with  the  pin,  dut  it  may  be  seen  whether  the 
colour  be  sufficiently  foil,  and  have  the  proper 
gold  cast ;  if  it  should  not,  a  little  more  of  the 
alkaline  solution  is  sdded,  the  efi^  of  which 
is  to  give  the  cdonr  a  gold  csst,  sad  to  render 
it  deeper.  In  thu  way  the  procees  is  to  be 
continued,  until  the  silk  hss  attsined  the 
desired  shade ;  the  alkaline  sdution  may  also 
be  added  abng  with  the  second  decoction  of 
the  weld,  dways  taking  care  that  the  badi  is 
not  too  hot. 


If  we  wish  to  Dfodttoe  ydlowi  wldi  i 
a  gold  or  Jonquille  cobmB,  a  quantiwof  s 
proportioned  to  the  shade  reouired  ma 
added  to  the  bath  along  with  the  alkalL 

A  water-colour,  called  wdd-rdlow,  b  mnch 
used  by  paper-hanging  mannnctnrenu  Tina 
is  the  cdouring  matter  of  wdd  pioripifatBd 
with  an  earthy  base.  The  faOowmg  is  given 
in  the  Philosophicd  Magazine  as  a  metmid  of 
preparing  it  very  ime : — Into  a  oonper  vessd 
put  four  pounds  of  fine  wadied  wniting  and 
as  mudi  soft  water,  and  boil  them  togedier, 
stirring  them  with  a  ded  sdck,  till  the  whole 
fonns  a  smooth  mixture:  then  add  gradiuOy 
twdve  ounces  of  powdered  dum,  cdu  slirrnig^ 
tUl  the  effovescenoe  ceases,  and  the  whole  ii 
wdl  mixed.  Into  another  copper  put  any 
quantity  of  wdd,  with  the  roots  uppermost; 
pour  in  soft  water  enou^  to  cover  every  niit . 
containing  seed;  let  it  boil,  but  not  moN  waa 
a  quarter  of  an  hour ;  take  out  die  wdd,  and 
set  it  to  drain;  and  pass  the  whole  of  the 
liquor  throng  flannd.  To  the  hot  mixtme 
of  earth  and  water  add  as  mndi  of  this  deooo. 
tion  as  will  produce  a  good  ookinr ;  keep  it  en 
the  file  till  It  boils,  and  then  poor  out  intoa 
ded  or  earthen  vesseL  The  next  day  the 
liquor  may  be  decanted,  and  the  odour  dried 
on  chalk. 

WELTER'S    TUBE.     See   Iomoma^ 

TORY. 

WERNERITE.    FoHated  SagHfBie. 
WHEAT  FLOUR.    See  Olvtsit  wd 

ZiMOME. 

WHEAT.  See  Bbead,  OLirTKir, 
Starch. 

WHET  SLATE.  Cdoor  oeenidi-giny. 
Massive.  FeeUy  glimmeriitt.  Frsctme  da^ 
in  the  large ;  splmtery  in  the  analL  Fmg- 
ments  tabular.  Tranducent  on  the  edges. 
Streak  giayiah-white.  Soft  in  a  Ww  dcjgpnee. 
Feds  radier  greasy.  Sp.  gr.  2.728.  It 
occurs  in  beds  in  primitive  and  tnoidtioa 
day-shrte.  It  is  found  at  Seifaadoif  near 
Freybeig.  Very  fine  varieties  are  brou^ 
from  Tmkey,  called  Honestones.  It  is  oaed 
for  diaipening  sted  instruments. 

WHEY.  The  fluid  part  of  mUk  which 
remains  after  the  curd  baa  been  aepanrted. 
See  Milk.  It  contains  a  saccharine  matter, 
some  butter,  and  a  small  portion  of  cheese. 

WHISKY.  Dflute  AlcoM,  whk&  see» 
and  Distillation. 

WHITE  COPPER.    See  Tutsvao. 

WHITE,  SPANISH,  and  WHITE 
LEAD.    See  Ceruse. 

WHITING.    Chalk  deared  of  its  1 
impurities,  then  ground  in  a  mill,  i 
up  into  small  loaves,  b  sold  under  die  name 
of  Whiting. 

WINE.  Chemists  give  the  name  of  wfais 
in  generd  to  all  liquors  that  have  become 
spintuous  by  fermentation.  Thus  cider,  beer, 
hydromd  or  mead,  and  other  ahnilar  fiqooni 
an  whies. 
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T]i»  jMioc^ai  and  theory  of  tfa«  ftfmeoto. 
tJOQ  which  produces  these  Uquon  are  cBseo. 
UallT  the  same.  The  more  geoenl  principles 
we  have  ezphuned  under  the  article  Fer. 

MEITTATION. 

All  those  nutritive,  vegetable,  and  anhnal 
matters  which  contain  sugar  ready  foimed, 
sue  ansoeptible  of  the  spirituous  fermentation. 
Thus  wine  may  be  made  of  all  the  juices  of 
plants,  the  sap  of  trees,  the  infusions  and 
oeooctions  of  fiurinaoeoos  vegetables,  the  milk 
€if  ftugiveroua  animals ;  and  Ustly,  it  mav  be 
made  of  all  ripe  succulent  fruits:  but  alluieae 
Bubatances  are  not  equaHy  proper  to  be  changed 
into  a  flood  and  generous  wine. 

Am  the  jmduction  of  alcohol  is  the  result 
of  the  s|pintuous  fermentation,  that  wine  may 
be  considered  as  essentially  the  best,  which 
contains  most  alcohoL  But  of  all  substances 
soaoeptible  of  the  sf^tuous  fermentation, 
none  is  capable  of  being  converted  into  so 
good  wine,^  the  juice  of  the  grapes  of  France, 
or  of  other  countriM  that  are  nearly  in  die 
same  latitude,  or  in  the  tame  temperature. 
The  grapes  of  hotter  countries,  and  even  those 
of  the  southern  provinces  of  France,  do  indeed 
fiuniah  wines  that  have  a  more  agreeable,  that 
ia,  more  of  a  saccharine  taste ;  but  these  wines, 
though  they  are  sufficiently  strong,  are  not  so 
spirituous  aa  those  of  the  provinces  near  the 
middle  of  France:  at  least  from  these  latter 
wines  the  best  vinegar  and  bzmndy  are  made. 
As  an  example,  d^efore*  of  spirituous  fer- 
mentation in  general,  we  shall  describe  the 
method  of  maldng  wine  from  the  juice  of  the 
gnwes  of  Fiance. 

This  juice,  when  newly  expressed,  and 
before  it  has  begun  to  ferment,  is  called  must, 
and  in  commen  language  sweet  wine.  It  is 
turbid,  has  an  agreeable  and  very  saodiarine 
taale.  It  is  very  laxative ;  and  when  drunk 
too  fraely,  or  by  perHms  disposed  to  diarrhoeas, 
it  is  apt  to  occasion  these  disorders.  Its  con. 
aistence  is  somewhat  less  fluid  than  that  of 
water,  and  it  becomes  almost  of  a  pitchy 
thickness  when  dried. 

When  the  must  is  pressed  fiom  the  grapes, 
and  put  into  a  proper  vessel  and  place,  with 
a  temperature  between  fifty-five  and  sixty 
degrees,  very  sensible  effects  are  produced  in 
it»  in  a  shorter^  or  longer  time,  according  to 
the  natore  of  tlie  liquor,  and  the  exposure  of 
the  place.  It  then  sweDs,  and  is  so  rarefied, 
ibat  it  finquantly  ovecfkms  the  vessel  con. 
taining  it,  if  this  be  neariy  fblL  An  intestine 
motion  is  excited  among  its  parts,  accom- 
panied with  a  small  hissmg  noise  and  evident 
ebuUitioo.  The  bubbles  rise  to  the  surfhee, 
and  at  the  same  time  is  disengaged  a  quantity 
of  carbonic  add  of  such  purity,  and  so  subtle 
and  dangerous,  that  it  is  capable  of  killing 
instantly  men  and  animals  exposed  to  it  in  a 
place  where  the  air  is  not  renewed.  The 
skins,  stones,  and  other  grosser  matters  of  the 
grapes,  are  buoyed  up  1^  the  paitides  of  dis- 


engaged air  that  adhere  to  their  surface,  aie 
variously  agitated,  and  an  raised  la  form  of  a 
scum,  or  soft  and  spongy  crust,  that  covers 
the  whole  liquor.  During  the  fermentatioo, 
this  crust  is  nrequently  raiMd,  and  broken  by 
the  air  disengaged  from  the  liquor  which 
forces  iu  way  through  it ;  afterward  the  crust 
subsides,  and  becomes  entire  as  before. 

These  effects  continue  while  the  fermenta- 
tion is  brisk,  and  at  last  gradually  cease:  then 
the  crust,  bdbg  no  longer  supported,  fidls  in 
pieces  to  the  bottom  of  the  liquor.  At  this 
time,  if  we  would  have  a  strong  and  generous 
wine,  all  sensible  fennentauoo  must  be 
stopped.  This  is  done  by  putting  Uie  wine 
into  dose  vessels,  and  carrying  these  into  a 
ceUar  or  other  cool  place. 

Afler  this  first  operation,  an  interval  of 
repose  takes  pilace,  aa  is  indicated  by  die 
cessation  of  the  sensible  eflfeets  of  the  spi- 
rituous fermentation ;  and  thus  enables  ua  to 
preserve  a  liquor  no  less  agreeable  in  its  taste, 
than  useful  fbr  its  reviving  and  nutritive 
qualities  when  drunk  moderately. 

If  we  examine  the  wine  produced  by  this 
first  fermentatk>n,  we  shall  find,  that  it  difien 
entirely  and  essentially  from  the  juice  of  grapca 
before  fermentation.  Its  sweet  and  saccharine 
taste  is  changed  into  one  that  is  very  diffirent, 
though  still  agreeable,  and  somewhat  spi- 
rituous and  piquant.  It  has  not  the  laxative 
quality  of  must,  but  affects  the  head,  and 
occasions,  as  is  weD  known,  drunkenness. 
Lastly,  if  it  be  distilled,  it  yields,  instead  of 
line  insipid  water  obtained  from  must  by  dis- 
tiUatkm  with  the  heat  of  boiling  wattr,  a 
volatile,  spirituous,  and  inflamuDable  liquor 
called  spirit  of  wine,  or  aloohoL  This  spirit 
is  consequently  a  new  bemg,  produced  by  the 
kind  of  fermentation  called  the  vinous  or 
s^nritoous.    See  Ai.cohol* 

When  any  liquor  undergoes  the  spirituous 
fermentation,  all  tta  parts  seem  not  to  figment 
at  the  same  time,  odierwiae  the  fermentAtkm 
would  probably  be  very  ouidUy  completed, 
and  the  appearances  would  be  much  moru 
striking:  henoe,  in  a  liquor  much  disposed  lo 
fiennentatian,  this  motion  is  more  qiuck  and 
simultaneous  than  in  another  liquor  less  dis- 
posed. Experience  has  shown,  that  a  wine 
the  fermcntatkin  of  which  is  ve^  slow  and 
tedious,  is  never  good  or  very  q)irituous;  and 
therefbie,  when  the  weather  is  too  cold,  the 
fermentatioo  is  usually  accelerated  by  heating 
the  place  in  winch  the  wine  is  made.  A 
proposal  haa  been  made  by  a  person  very 
intdUgent  in  economical  alBurs,  to  apply  a 
greater  thapi  the  usual  heat  to  accelerate  the 
fermentation  of  the  wine,  m  those  years  in 
which  grapes  have  not  been  sufficiently  ripened, 
and  when  the  juice  is  not  sufficiently  disposed 
to  f^cnnentation. 

A  too  hMty  and  violent  fermentation  Is 
perhaps  also  horfeftd,  from  the  dissipation,  and 
low  of  some  of  the  spirit;  but  of  this  we  ar» 


WIN 


808 


WJBN 


Mt  oeiteliu  Howeycr,  wt  nukj  dUdDguiih, 
in  the  ortioary  meliiod  of  maJdng  wines  of 
mpes,  two  periDds  in  the  fimnentatioD,  tbe 
OnA  of  which  htts  during  tbe  appearance  of 
die  eeotible  efiects  above  mentioned,  in  which 
tiie  greatcft  namber  of  feimentabk  particles 
fennent.  After  this  firat  effort  of  fennenta- 
tioD,  these  effects  lensihly  diminish,  and  ought 
to  be  stopped,  for  lessens  hereafter  to  be  men- 
tioned. The  fermentative  motioD  of  the  liquen 
then  ceases.  The  hetetogeneous  parts  that 
were  suspended  in  the  wines  by  this  motion, 
and  render  it  mwddy,  are  separated  and.  form 
a  sediment  celled  die  lees ;  after  which  the 
wine  becomes  dear :  bat  though  the  operation 
is  then  eonaldcredaafiidshed,  and  die  feradent. 
ation  appaicndy  ceases,  it  does  not  leaSy 
tfease;  and  it  ought  to  be  continned  in  some 
degree,  if  we  woud  have  good  wine. 

In  this  new  wine  a  part  of  die  liipior  pro. 
bably  remains,  that  has  not  fennented,  and 
which  afterwaid  fetmenta,  but  so  very  slowly, 
that  none  of  the  sensible  effects  prodnced  in 
the  first  fermentation  are  here  perceived.  The 
ferracntaUon  therefbre  stUl  conthmes  in  the 
whie,  during  alonger  or  shortertfane, althons^ 
in  an  imperceptible  manner ;  and  this  is  me 
second  pcwiod  of  tbe  apirituous  fennentatioa, 
.nincfa  nunr  be  called  the  impereepdble  ferment- 
ation. We  may  easily  poceive,  that  the  af- 
fect of  dits  impereepdble  fermentation  is  the 
gradual  increase  of  the  quandty  of  alcohol. 
It  has  also  another  emct  no  less  advan- 
taoeous,  namdy,  the  separation  of  the  add 
aslt  called  tartar  from  the  wine.  This  matter 
is  therefore  a  second  sediment,  that  is  formed 
in  the  wine,  and  adheres  to  the  sides  of  the 
oontainiog  vessels.  As  the  taste  of  tartar  is 
hardi  and  disagreeable,  it  is  evident  that  the 
wine,  which  by  means  of  the  insensible  fer- 
mentation  has  aoquired  more  aledhoi,  and  has 
disengaged  itsdf  of  the  greater  part  of  iu  tar- 
tar, ought  to  be  mudi  better  and  move  agree- 
able ;  and  for  this  reason  chiefly,  old  wine  is 
universally  xircfeTableto  new  wine. 

But  insensible  fermentation  can  only  ripen 
and  meliorate  the  wine,  if  the  sensible  fer- 
mentation have  regularly  proceeded,  and  been 
stopped  in  due  time.  We  luiow  oertdnly, 
that  if  a  snfBdent  time  have  not  been  allowed 
for  the  first  period  of  the  fermentation,  the  un- 
fetmented  matter  that  remains  being  in  too 
large  a  quantity,  will  then  femient  in  the  bou 
ties  or  dose  vessels  in  which  die  wine  is  put, 
and  will  occasion  efibets  so  nrach  more  sensi- 
ble, as  the  first  fermentation  shall  have  been 
sooner  interrupted  s  licnoe  these  wines  are 
always  turbid,  emit  bubbles,  and  sometimes 
break  the  botdrs,  irom  the  large  quantity  of 
air  disengaged  during  the  fermentation. 

We  have  an  instance  of  these  effects  in  the 
wine  of  Champagne,  and  in  others  of  the  same 
kind.  The  sensible  fermentation  of  these 
wipes  is  Interrupted  or  radicr  surpiecsed,  that 
they  may  have  this  sparkling  quality.    It  is 


wdlkadnra  that  these  vlnea  i 
fly  out  of  die  bottles;  that  tfaey  spaddeasid 
firatfa  when  they  are  pouied  into  glaasea;  ani 
lasdy,  that  they  have  a  taste  aradi  wmt 
lively  and  more  piquant  than  winea  that  d» 
not  qparUe ;  btit  this  spai%liiig  qnaiity»aBd 
aU  &  el&cts  depending  on  it,  ase 
cauaed  by  a  conaidoahLe  qnantiSy  of  casi 
acid  gas,  whidi  ia  diaengaged  dnriiigthe  ( 
fined  fennentation  that  the  wine  baa  yn 
gone  in  dose  vessels.  This  ale  not  hatiqg  an 
opportonity  of  fsoying,  abd  of  being  ^' 
pated  as  f ast  a^  it  ia  diaengBgtfA,  add 
interposed  betwixt  all  the  porta  of  the  ' 
combines  in  some  mensue  widi  than,  and 
adhoes  in  the  same  manncT  aa  it  does  to  ccr. 
tarn  mjneral  waters,  in  whidi  itf 
the  same  eflneta.  When  this  air  ki 
diaengaged  from  these  wines,  they  no  1  _ 
spazUe,  tfaey  lose  their  pifoaney  of  taste^  b^ 
oomenuld,  and  even  ahneatindq^ 

Such  are  the  Qualities  diat  wine  aonuliw  in 
time,  when  its  first  famentartop  baa  aofc  cod. 
tinned  suffidendy  kng.  These  qoalilHB  an 
given  pniposdy  to  certain  Unda  of  wino  tain- 
dulge  taste  oor  caprice;  hot  smh  wmea  ate 
supposed  to  be  unfit  for  daily  use.  Wlneafik 
daily  use  ought  to  have  undeigooe  aa  ooaa. 
pleldy  the  sensible  fermaHaiion,  diat  the  aas- 
oeeding  fermentation  ahall  be  jnsfnaihin,  or  at 
least  exceedingly  little  perceired.  Wi^  ia 
which  the  first  fermentatkin  baa  been  taa  fer 
advanced,  is  liable  to  worse  hwnveniaKfes 
dian  that  hi  which  die  first  f-»»«>***s^»  faH 
been  too  quickly  «ippsesnd«  iat  eveeyfia. 
mentable  liquor  is  from  its  natnre  in  a  cosH^ 
nual  intestine  motion,  noreor  kas  strong  ac 
cording  to  drcumstanoea,ftcm  ihednCiiiatMtt 
of  the  spirimous  fermentation  till  it  ia  i&am- 
pletdv  purified :  henoe,  from  die  time  of  die 
completion  of  the  spiridMius  fetiBtntatioiH  or 
even  before^  the  wine  bsgnis  to  undsipD  die 
add  or  acetooa  fermentatka.  This  aiad  fer- 
mentatkin is  very  dow  and  inaensihk^  what 
the  wine  is  included  in  very  dose  vessda,  and 
in  a  cool  phuse :  but  it  gradiudly  advsacea,  so 
that  in  a  certain  time  the  wine,  kwtead  of 
bdng  improved,  becomes  at  last  sous.  This 
evil  cannot  be  remedied ;  becanseihe  fesmene- 
atkMi  may  advance,  but  cannot  be  revvted. 

Wine -merchants,  therefore,  when  their 
wines  become  aasn*,  can  mdy  conceal  or  ab- 
sorb this  addity  by  certain  subataneea,  aa  by 
alkalis  and  absorbent  castha.  Bot  theaeoab- 
stanoes  give  to  wine  a  dark  gtcenish  csionr, 
and  a  taste  which,  thongh  not  add,  is  aome- 
what  disagreeable.  Besides,  cakaieoia  earths 
accelerate  oonslderafaiy  the  total  deatrnctlon 
and  putiefection  of  the  wine.  Oxides  of  lead, 
having  the  property  of  forming  widi  dieadd 
of  vin^ar  a  sah  of  an  agroedde  sarrhsrme 
taste,  which  does  not  alter  the  colour  of  the 
wine,  and  which  beskles  haa  the  advanti^  of 
stopping  fermentation  and  putrc£sction,  mjght 
be  very  wdl  employed  to  renindy  die  wij^fity 
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4]r^A»,tflMAMa&IA 
not  penidoutioliealdi,  ast 
tenlble  coKea*  and  enn  AMlih,'wlken  taken  in^ 
tenally.  We  camot  belleTe  that  any  wine^ 
ntorchant,  knowiBs  the  erfl  oMBeqocDcn  «f 
lead,  tboidd,  fo»  ttie  sake  of  gain,  employ  It 
Ihr  the  pttrpnae  menticiMd;  Imt  if  itKie  he 
any  sndi  peieoM^  diey  niiiit  be  eonridered  as 
«lie  poiMnoB  and  imirdeRife  of  the  pnUic. 
At  AUcant,  where  very  sweet  wines  are  made^ 
it  is  the  practice  to  mix  a  Kttle  lime  widi  the 
gropes  before  they  an  pnaaed.  This,  howu 
«rer,  can  only  neutrauze  the  add  abeady 
exiacina  in  the  grape; 

If  wme  oODlain  uthaige,  or  any  oth«  oxide 
«£  lead,  it  may  be  dieeoyered  by  etanonting 
«ome  pkita  of  it  to  dmess,  and  mming  tiw 
midanm  in  a  croelble,  at  the  bottom  of 
which  a  small  bntton  of  lead  may  be  found 
«fter  the  Anion  t  but  an  easier  and  more  ex- 
peditions proof  is  by  pooling  into  the  wine 
COBtt  liquid  snlpbuet  I£.  the  precipitate 
tfeonioned  l^  tfau  addition  of  Ac  sulphmet 
ka  wbit^  or  only  coloured  by  the  wine,  we 
may  Imow  that  no  lead  is  «ontafiied  in  it;  bat 
if  die  precifntate  be  dark  ooioured,  brownf  ov 
Uaskisn,  we  may  oondude,  that  it  contains 
lead  or  iron. 

Hie  oidy  safaatanoca  that  cannot  abootb  or 
skstray,  but  eorer  and  render  supportable  the 
ahaspness  of  wine,  wf  ifaoat  any  incontenienoe, 
honey,  and  other  saodiarine  all. 
ntten ;  bitt  ihey  can  soooeed  only 
I  wine  is  rery  little  add,  and  when 
an  wxcflfiUng  small  quantity  only  of  thoM 
aubstaaces  is  sufficient  to  produce  the  dn^bred 
efibct)  otberwiae  the  wine  would  ha^e  m 
•wwthh,  tart,  and  not  agreeable  taste. 

Fkom  what  is  here  said  oonoeraing  the 
acescency  of  wine,  we  may'  cOndude,  that 
when  this  aoeident  fabroens,  it  cannot  by  an^ 
good  method  be  ranedied,  and  that  nothfaig 
remains  to  be  done  with  soar  wine  but  to  sell 
it  to  Tinegar-makeni,  as  all  honest  wine^MV- 
'^diants  dow 

As  the  mmt  of  the  grape  contains  a  gnatcr 
propoftloD  of  tartsr  than  our  currant  and 
gooseberry  juices  do,  I  have  been  accustomed, 
mr  many  yeaa,  to  recommend  ih  my  lectures 
the  addition  of  a  saoall  portion  of  that  salt  to 
onr  mutt^  to  make  it  ferment  into  a  move 
gsnnhiewiDe.  Dr.  M^CuUooh  hte  htely^e- 
scribed  the  same  additbn  in  his  popular  trea- 
tise on '  the  avt  of  making  wine. 

The  foUowing  is  Mr.  Brsnde'b  Yalimble 
table  of  the  qvandty  of  spirit  m  dififerent  kmds 
i>fwiM:«-    ' 

Propoftioo  of 
•pliit  pet  cent, 
by  meagre. 

1.  Lissa, awv 

Ditto         ....        24-35 
Aterage,      2641 

2.  Raisin  wine,  "26-40 

Ditto  ....        2677 

Ditto  ...        !m*9D 

Average,      26.12 


itairyn 
n  die 


ProportioD  ol 
Hrirft  per  cent. 

by  measure. 

^  BlaiKda,       .        • 

26.3 

Ditto         .        • 

26.  5 

Average, 

26.  9 

4^  Maddia^       .        . 

2442 

Ditto 

23.98 

Ditto  (Siidal)    • 

21.40 

Ditto         .        . 

19-41 

Average, 

22.27 

6.  Currant  wine, 

20^ 

6.  Bherry, 

19*81 

Ditto         .        . 

19.88 

Ditto 

18*70 

Ditto         .        * 

18-26 

Avswge, 

1917 

7.  Tenerifie,      •        • 

19-70 

8.  Cdarea, 

19.7« 

9.  liachryma  Cfarfarti 

1970 

lOw  Constantia,  white, 

19-75 

11.     Ditto,      led,     • 

18*92 

12.  Lisbon, 

18^ 

la  Ma]agaa«66)      • 

18*94 
18*48 

1&  lUd  Maddta,       • 

22*30 

Ditto 

1840 

Average, 

20.36 

1&  Cape  Muschat,     • 

18.26 

17.  Cape  Madeira,      • 
Ditto 

22M 

SOM 

Ditto 

1811 

Aversge, 

8061 

18.  Grape  wine;, 

18.11 

laCalcweDa,    • 

19*20 

Ditto 

18-10 

Average, 

18.86 

20.  Vidonia,       •        • 

19.25 

&1.  Alba  Flora, 

1726 

22.  Malaga, 

1726 

39.  MHiite  Hemdtaga, 

17.4» 

24.  BoBsillon,     .        . 

10*00 

Ditto         .        . 

17*26 

Av«a^ 

iai3 

26.  GUiet, 

1711 

Ditto 

10.82 

Ditto 

14.06 

Ditto 

1291 

Avwage, 

16«10 

20.  Malmsey  Maddia, 

16*40 

27.  Lund,          .        . 

16.5B 

28.  Sheraaz, 

16*62 

20.  Syracnae,      . 

16.28 

80.  Sauteme,      . 

14.22 

81.  Burgundy,    . 

16.60 

Ditto       .        . 

16.22 

Ditto        .        . 

14.63 

Ditto        .        . 

11416 

Avwsge, 

14.57 

412.  Hix^ 

144»7 

Ditto 

i»eo 

Ditto  (old  in  cadL) 

8.88 

Average, 

1206 

38.  Nice,    . 

14.68 

84.  Barsas, 

18418 

96.  Te^    . 

1830 

80.  Champsgne,  (stiU) 

18.80 
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Ktto    (nd) 
IMtto    (ditto) 

37*  Rfid  Hcnnitagei    •        •        • 
38.  Vin  de  Onva» 

Ditto         .... 
Ayenge, 
30.  FhrndgDJic, 
40i  CoteRotie, 

41.  OooMbeny  wine, 

42.  Oiange  wiDc,— ATengeoftizaa 

pies  made  bj  «  London 

fitCtOICL       ... 

43.  ^kay, 

44.  Elder  winei 

46.  Cider,  hi^mt  avenge, 

IHttos  lowMt  ditto 
49.  Peny,  average  of  four  aamplga, 

47.  Mead, 
43.  Ale  (Barton) 

Pitto  (Ediobnigh) 
Ditto  (DordiesCer) 


12*80 
12-66 
1130 
12-61 
12-32 
1394 
12-80 
13-37 
12-79 
1232 
11-84 


The 


49.  Bioimstottt, 

60.  London  Porter,  (avarage) 

51.  Ditto  smaU  beer,  (ditto) 

62.  Brandy, 

63.  Rom,       •    • 

64.  Oin,         •    • 
66.  Scotch  Whisky, 
6a  Irish  ditto     • 

WINE  (OIL)  OP. 


11-26 

9-88 

9-87 

9*87 

6-21 

7*26 

7-32 

8-88 

6-20 

6-66 

6-87 

6-80 

4*20 

1-28 

63-39 

63-68 

61-60 

64-32 

63-90 

See  Oil  or  Wive. 
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WITHERITE.  Carbonate  of  barytes. 
See  Heavy  Spar. 

WOAD,  Isatis,  Olastum,  is  a  plant  which 
flTOWs  wild  in  some  parts  of  Fanee,  and  on 
Sie  coast  of  the  Baltic  Sea ;  the  wild  woad, 
and  that  which  is  cultivated  for  the  nse  of  the 
dyeia,  appear  to  be  the  same  spedes  of  plant. 

The  preparation  ef  woad  for  dyeing,  as  prac- 
tised in  France,  is  minutely  describ^  by  As- 
true,  in  his  Memotrs  for  a  Natural  History  of 
Langnedoc — ^The  phmt  puto  forth  at  first  five 
or  six  upright  leaves  about  a  foot  long  and 
six  inches  broad  x  when  these  hang  down- 
wards, and  turn  yellow,  they  are  fit  for  gather, 
ing;  five  crops  are  gathered  in  one  year.  The 
leaves  are  carried  directly  to  a  mill,  much  re- 
sembling  die  oil  or  tan-mills,  and  ground  into 
s  smooth  paste.  If  this  process  were  defened 
for  some  time,  they  would  putrefy,  and  send 
forth  an  insupportable  stenoL  The  paste  is 
laid  in  heaps  pressed  dose  and  smooth,  and 
the  Uacldsh  crust,  which  forms  <»  the  oat> 
eide,  reunited  if  it  happen  to  crackt  if  this 
were  neglected,  little  woims  would  be  mo. 
dnoed  in  the  crscks,  and  the  woad  would  lose 

Srt  of  Iti  strength.  After  Iving  for  fifteen 
jrs,  the  heaps  are  opened,  tne  crust  rubbed 
and  mixed  with  the  inside,  and  the  matter 
formed  into  oval  balls,  which  are  pressed 
close  and  solid  hi  wooden  moulds.  These  are 
dried  upon  hurdles:    in  the  sun  they  torn 


bladt  flB  the  oolrida,  In  a  doaa  phoe 
isii,  cipecialhr  if  the  weather  be  tainwr 
defers  in  tm»  commodity  preftt  uie 
tfaon^  it  is  said  the  woriuneo  find  aa  coa. 
sidenUe  diffirenee  between  the  twob  Tke 
good  baUs  are  distinguished  by  their  bcnw 
weigihty,  of  a  pretty  agreedile  araefl,  iia^ 
when  rubbed,  of  a  violet  eoknr  witfahb 

For  the  use  of  the  dyer  these  haUa  xaiiafae 
a  fiuther  prepanrtinn;  they  are  beaten  with 
wooden  maUcts,  on  a  brick  or  stooe  floor,  inio 
a  gross  powder,  which  is  heued  us  in  Ae 
middle  of  the  room  to  the  heig|it  of  isor  feet, 
a  space  being  left  for  passiog  roond  the  aides. 
The  powder  moistened  with  water  feunam, 
orows  hot,  and  throws  out  a  thidk  fotad  Anne. 
It  is  shovelled  backward  and  forwaed,  and 
moistened  every  day  for  twdve  days;  afiar 
which  it  is  stlned  leas  fiequently,  withont 
watering,  and  at  length  made  into  a  hesp  for 
the  dyer. 

The  powder  thus  prepared  givesooly  farava- 
iah  tinctures  of  dirorent  shades  to  water,  ta 
alodiol,  to  ammnnia,  and  to  fixed  alhaline 
lixivia;  rubbed  on  paper,  it  eomminiicaseB  a 
green  stain.  On  diluting  the  powder  with 
boiling  water,  and,  after  standing  for  aome 
hours  in  a  dose  vessel,  adding  about  one. 
twentieth  its  weight  of  Ume  newly  ilarinrd, 
digesting  in  a  gentle  wannth,  and  atirxing  the 
whole  together  every  tiiree  er  four  lioars,  a 
new  fermentation  begins;  a  blue  ftoth  rises  to 
the  sutfooe^  and  the  nquor,  timu^  it  appcaai 
itself  of  a  reddish  colour,  dyes  woollen  of  a 
green;  which,  like  the  green  from  ind^ 
changes  in  the  air  to  a  bhte.  Hue  la  one  of 
the  nicest  processes  in  the  ait  of  dyeing,  and 
does  not  well  succeed  in  tiie  way  of  a  smdl 
experiment 

WOLLASTONITE.  A  ndnenl  foimd 
in  small  masses,  of  a  farowniah  tinge  ^ 
naUy;  transparent  and  ooloniless  inti 
or  of  a  flesh  colour;  liighly  aystaOinft  it 
seems  to  be  a  tabular  spar,  foom  the  meaaue- 
ments  by  the  reflective  gonionieter  of  its  me- 
chanical divisions.  A  more  distinctive  nuneal 
honour  should  be  impropriated  to  Dr.  Wol- 


WOOD(OPAL).    SeeOPAX. 
WOOD  (ROCK).    Thelignifonnj 
tus. 
WOOD.STON£.    Asub-specieBofhm- 


WOOD-TIN.    See  Okks  op  Tie. 

WOOL.    See  Appbkdix. 

WOOTZ.  The  metal  extndedftom  some 
kind  of  iron  ore  in  the  Bastlndiea,  apparently 
of  good  quality.  It  contains  more  cariMn  than 
sted,  and  less  than  cast-iron,  bat  fiom  want 
of  skill  in  the  management  is  for  from  homo- 
geneous.— Phil*  Tnms. 

WORT.     See  Beeb,  Dmtxllatioe, 

and  Fb&M EKTATIOE. 

WOLFRAM.     See  Orbs  or  Titeg. 

BTKV. 


YTT 


811 


YTT 


YANOLITE.    Azinite. 

YEAST.  See  FERiizyTATioK,  and 
Baxad. 

YELLOW  EARTH.  Colour  ochre- 
yeUow.  Massive.  BuIL  Fracture  slaty  or 
earthy.  Streak  somewhat  shining.  Opaque, 
fioils  sli^dy.  SoA.  Easily  franffihle.  Ad- 
heres  to  the  tongue.  Feels  rather  greasy. 
Sp.  gr.  2-24.  Before  the  blowpipe  It  is  con- 
▼ertad  into  a  Uack  and  shining  enamel  Its 
constituents  are,  silica  92,  alumina  2,  lime  3, 
iron  Z,-^Merat'Cuittot,  It  is  found  at 
Wehraw  in  Upper  Lnsatia,  where  it  is  as- 
sociated with  day  and  dav-ironstone;  When 
burnt,  it  is  sold  by  the  Dutch  as  a  pigment 
under  the  name  of  BngUsh  red.  It  was  used 
as  a  yeUow  paint  by  me  andents. 

YENITE.    Lievrite. 

YTTRIA.  This  is  a  new  earth  discovered 
In  1794  by  Professor  Oadolin,  in  a  stone 
from  Ttterby  in  Sweden.    See  Gaoolikitb. 

It  may  be  obtained  most  readily  by  fusing 
the  gadclinite  with  two  parts  of  caustic  potash 
washing  the  mass  with  boiling  water,  and 
filtering  the  liquor,  which  is  of  a  fine  green. 
This  l&uor  is  to  be  evaporated,  till  no  more 
oxide  of  manganese  falls  down  from  it  in  a 
black  powder ;  after  which  the  liquid  is  to  be 
■atunted  with  nitric  add.  At  the  same  time 
digest  the  sediment,  that  was  not  dissolved. 
In  veiT  dilute  nitric  add,  which  will  dis- 
solve  me  earth  with  much  heat,  leavins  the 
silex,  and  the  highly  ozided  iron,  undissolved. 
Mix  the  two  liquors,  evaporate  them  to  dry* 
ness,  redissolve,  and  filter,  which  will  separate 
any  silex  or  oxide  of  iron  that  may  have  been 
left  A  few  dn^  of  a  solution  of  carbonate 
of  potash  will  separate  any  lime  that  may  be 
present,  and  a  cautious  addition  of  hydrosul- 
phuret  of  potash  will  throw  down  the  oxide 
of  manganese  that  may  have  been  left ;  but 
if  too  much  be  employed,  it  wOl  throw  down 
the  yttria  likewise.  Lastly,  the  yttria  is  to 
be  nredpitated  by  pure  ammonia,  well  washed, 
and  dried. 

Yttria  is  perfectly  white,  when  not  oon. 
taminated  with  oxide  of  manganese,  from 
which  it  is  not  easily  freed.  Its  specific  gra- 
vity is  4-842.  It  has  ndther  taste  nor  smdL 
It  is  infusible  alone;  but  with  borax  mdts 
into  a  transparent  gbus,  or  opaque  white  if 
the  borax  were  in  excess.  It  is  insoluble  in 
water,  and  in  caustic  fixed  alkalis;  but  it 
dissolves  in  carbonate  of  ammonia,  tfaou^ 


it  requires  Hvt  or' six  times  as  much  as  da* 
cine.  Itissdnbleinmostoftbeadds.  The 
oxalic  add,  or  oxalate  of  ammonia,  fomoa  pre- 
dpiutes  in  its  solutions  perfectly  resembling 
m  muriate  of  silver.  Prussiate  of  potash, 
crystalUied  and  redisKdved  in  water,  throws 
it  down  in  white  grains ;  phosphate  of  soda, 
In  white  gelatinous  flakes ;  innuion  of  galls, 
in  brown  flocks. 

Some  cfaaoists  are  Inclined  to  consider 
yttria  rather  as  a  metallic  than  as  an  earthy 
substance :  their  reasons  are,  its  specific  gnu 
vity,  its  ftnning  odloured  sdta,  and  its  pro- 
perty of  oxygoising  muriatic  add  after  it 
has  undergone  a  long  calrination.     CrelPg 

Chimie. 

When  yttria  is  treated  with  potaasinm  in 
the  same  manner  as  tiie  other  earths,  shnilar 
results  are  obtained;  the  potassium  becomes 
potash,  and  the  earth  gains  appearances  of 
metalUation;  so  that  it  is  scsrcdy  to  be 
doubted,  says  Sir  H.  Davy,  that  yttria  con- 
sists  of  inflammable  matter,  metulic  in  its 
nature^  oombhied  with  oxygen.  Aooordinff 
to  Klaproth,  56  parte  of  yttria  combine  with 
18  parte  of  carbonic  add ;  conseqocDtly,  if 
it  be  supposed  that  the  carbonate  of  yttria 
consiste  or  one  prime  proportion  <^  earth  and 
one  of  add,  ite  prime  equivalent  will  be  8*403  ; 
and  that  of  ite  metallic  basis  probably  7-4. 
The  salte  of  jrttzia  have  the  following  gencnl 
dianeters:^ 

L  Many  of  them  are  insdlnUe  In  water* 
2*  Precipitates  are    occasioned   in    thow 
which  dissolve,  by  phosphate  of  soda,  car. 
bonate  of  soda,  oxalate  of  ammonia,  tartrate 
of  potash,  and  fenoprussiate  of  potash. 

3l  If  we  except  the  sweeutasted  soluble 
sulphate  of  yttria,  the  other  salte  of  this  earth 
resemble  those  with  base  of  Ume  in  tfadr  so- 
lubility.   See  Salts. 

YTTRO-TANTALITE.  An  ore  of 
Tavtalum. 

YTTRO-CERITE.  Colonia  reddish  and 
crayish-white,  and  violet-blue.  Massive,  and 
m  crusts.  Cleavaffe  indistinct.  Opaque. 
Yidds  to  ib6  knife.  Scratches  floor.  Sp. 
gr.  3-447*  Its  CQOstituente  are,  oxide  of 
cerium  13*16,  yttxia  14*61,  Ume  47*779  fluoric 
add  34-46.— D^raeJIiM.  It  baa  hitherto  been 
ibond  only  at  Finbo,  near  Fahlun  In  Sweden, 
imbedded  in  quarte  or  mcnisting  pyiophy- 
salite, 
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ZAFFRE,  or  SAFFRE,  is  the  residuum 
of  oobalt,  after  the  sulphur,  arsenic,  and  other 
volatile  matters  of  thii  mineral  have  been  ex- 
pelled by  calcination. 

The  zaffre  that  is  commonly  sold,  and  which 
domes  from  Saxony,  is  a  mixture  of  oxide  of 
oobalt  with  some  vitrifiaUe  earfh.  It  is  of  a 
gray  colour,  as  all  the  oxides  of  cobalt  are  be- 
mre  vitrification. 

ZEAOONITE.    Abrazlte. 

Z£IN£.  The  zeine  of  John  Gorham  is 
dbtuned  from  maize  of  Indian  com,  by  in- 
fusing  it  in  water,  lilteiing  and  treatins  with 
alcohol  the  matter  insoluble  in  the  former 
Hmiid,  and  evaporating  the  alcoholic  lolution. 
We  thus  obtain  a  yellow  substance  having  the 
appearance  of  wax ;  it  is  soft,  ductile,  tough, 
elastic,  insipid,  nearly  void  of  smell,  and  denser 
dian  water.  It  aiFords  no  anmionia  on  de- 
composition by  heat ;  though  it  approaches  in 
Us  nature  to  ^uten. 

ZEOLITE.  The  name  of  a  ver^  exten- 
nve  mineral  ^f^^y  containing  the  rollowing 
^pedes :— I.  Dodecahedral  zeoEte  or  leudte; 
2.  hexehedral  zcohte  or  analdme ;  3.  rhom* 
beidal  zeolite,  chabasite,  or  cbabasie ;  4.  py- 
camidal  zeolite,  or  cross-stone ;  5.  dipiismatic 
zeolite,  or  laumonite ;  6.  prismatic  zeolite,  or 
mesotype,  divided  into  mxee  sub-spedei^— 
fibrous  zeolite,  natrolite,  and  mealy  zeolite; 
7-  prismatoidfJ  zeolite,  or  stUbite,  compre- 
hending foliated  zeolite,  and  radiated  zeolite ; 
8.  aximuigible  zeolite,  or  apophylUte.  The 
following  belong  to  this  place : 

6.  PrUmatic  zeolite  or  mesotype. 

§  I.  FVbtou*  zeolite^  of  which  there  are  two 
kinds ;  the  acicolar  or  needle  zeolite,  and  com- 
mon fibrous  zeolite. 

«.  Acicular  or  needk  zeoKtc,  the  mesotype 
of  Haiiy.  Colours  grayish,  yellowish,  or  rod- 
dish-white.  Masuve,  m  distinct  concretions, 
and  crystallized.  Primitive  form,  a  prism  of 
91«  25'.  The  following  are  seoondary  figures : 
—An  acicular  rectangular  four-sided  prism, 
Tery  flatly  acuounated  with  four  planes,  set  on 
flie  lateral  planes :  sometimes  two  of  the  acu- 
minaUng  planes  disappear,  when  there  is 
foimed  an  acute  bevelment,  or  the  prism  is 
sometimes  truncated  on  the  edges.  Lateral 
planes  longitudinally  streaked.  Shininffy  in- 
dining  to  .pearly.  Cleavage  twofold.  Frac- 
ture small  gnlned  uneven.  Fragments  splin. 
teiy.  Translucent.  Be&acts  double.  As 
hard  as  apatite.  Britde.  Sp.  gr.  2.0  to  2.3. 
It  intumesoes  before  the  blowpine,  and  forms 
a  Jelly  with  adds.  It  becomes  dastic  by  heat- 
ing, and  retains  this  property  some  time  after 
it  has  coded.  The  free  extremity  of  the  crys- 
tal  with  the  acumination,  shows  positive,  the 
attached  end,  negative  electridty.    Its  consti^ 


tuents  are,  silica  G0.24,  ahuniiw  28^  tee 
9.4fi,  water  lO.-^rauqtieUih  It  occob  ia 
secondly  trap-rocks,  as  in  basalt,  gieeostoiie^ 
and  am^daloid.  It  is  finmd  near  the  village 
of  Old  Klpatrick,  Dumbartoqahize ;  in  Ayr- 
shire and  rerthshire,  alwm  in  trap  xada ;  in 
lodand  and  in  the  Faroe  Islafids. 

b.  Common  Jtbrom  zeoHte*  Colour  whiteu 
Massive,  in  distinct  oancretiaDS,  and  in  capiL- 
lary  crystals.  Glimmering,  peariy.  Fkag- 
ments  splintery.  Faintly  tianaluoent.  Hard- 
ness as  before.  Radier  brittSe.  Sp.  gr.  2.19 
to  2.2.  Chemical  characters  and  witwationaaa 
above.  Its  constituents  are,  silica  4d,  alumina 
27*  soda  17)  water  9.5* — Smithttm, 

%  2.  Mealy  zcolUz,  Colour  white,  of  vailoas 
shades.  Masdve,  imitative,  in  a  cnist,  or  In 
delicate  fibrous  concretions..  Feebly  Simmer- 
ing. Fracture  coarse  earthy.  Opiique.  The 
mass  is  soft,  but  the  minute  parts  as  hard  as 
the  preceding.  Sectile.  Most  easily  fraogjSile. 
Doesnotadhexe  to  the  tongue.  Feda  meapcu 
Sometimes  so  light  as  nearly  to  float  oo  wateb 
It  intumesces,  ^nd  gelatinizes  as  die  pieoedin|^ 
Its  oonstitueots  are,  silica  00,  alnnuna  \h.% 
lime  6,  oxide  of  iron  1.8,  loss  by  expoaiue  to 
heat,  11.6. — Hinnger.  It  occurs  like  the 
oth^  It  is  found  near  TantaUon-castle,  ia 
BastLothiaa,andindieialandaafSkye,  Man, 
and  Canna. 

7.  PritmaUfidal  zeoliU^  or  MbUB  Of  lUi 
£hae  are  two  sub-species;  the  foliated  and 
radiated. 

§  I.  Foliated  zeoUte^  die  edlHte  of  Ha&y. 
Colour  white,  of  various  shades.  Maadve^ 
dissenoinated,  imitative.  In  distinct  grsnnhr 
ooncretiona,  and  crystallised.  Primitive  foon, 
a  prism  of  99«  22f .  Secondary  farms  aie,  a 
low  oblique  four-^ided  prism,  vaiioody  trun- 
cated ;  alow  equiangular  six^>dded  paasi ;  and 
an  ei^t.sided  prism,  from  truncation  of  all 
the  edges  of  the  four-sided  prism.  Latent 
planes  transversdy  streaked.  Shinii^  £f^7* 
Cleavage  single.  Fracture  cancfaoidaL  Tia&s- 
luoent.  Refracts  single.  As  hard  as  eaks- 
reous  spar.  Brittle.  Sp.  gr*  2  to  2JL  It  in- 
tumesces  and  phosphoreaoes  before  the  hlow- 
pipe,  but  does  not  form  a  jelly  with  adds.  Its 
constituents  are,  silica  l>2.8,  alumina  IIJS, 
lune  9,  water  IB.Q.—Vmt^pieam,  It  occois 
nrindpally  in  secondary  amygdaloid,  diher  ia 
dru&y  cavities  or  in  oontemporaneoos  veioii 
It  is  also  Doet  with  in  primitive  and  trandtioa 
mountains.  Very  beautiful  spedmens  of  the 
red  foliatjed  and  radiated  noUtes  are  found  at 
Carbeth  in  Stiilingdihfe,  and  at  Loch  Hum- 
phrey in  Dumbartonshire;  also  in  the  seoon- 
dary  trap  rocks  of  the  Hebrides,  aa  of  Skye, 
Canna,  and  Mull;  and  in  the  north  of  lie* 
land. 
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83.  RaiMed  MOite.  StflUte  of  VbAj, 
CoimuB  yeilowUluvliite  and  gimyiah-wliite. 
Maadye,  in  angular  piaees,  m  Mumatic  and 
graoularconcredoiii,  and  erystaOixed  in  a  rec 
tangular  ftmr-aided  pnnn,  vMumdy  mcNlified 
hf  aouminatieiM.  Slmiing,  pearly.  IVana- 
luoent.  Haidnen  and  cbeaoieal  cbanden  a* 
above.  Brittle.  Sp.  gr.  2.14.  Ita  conad* 
taeots  mn^  silica  40.98^  ahmama  39.09,  lline 
10.95,  water  10UI...JIf«yef.  Ita  eitiiatioiw 
«K  as  tlM  p(ecediDg.<*-^af?iM9fi. 

ZERO.  The  oommeneement  of  a  scale 
marked  O.  Thus  we  say  the  zero  of  Fah« 
tenhett,  whieli  is  d2*  bdow  the  mdlfag  point 
of  ioe;  tbeaerooftheoentigndesoBle,  which 
ooincUes  with  the  fbeeaing  of  water.  The 
absolute  aero,  is  the  hnaghuiTy  point  hi  the 
seale  of  tamperatnie,  when  tiie  whole  heat  is 
exhausted ;  the  term  of  absointe  cold,  er  pri- 
falion  of  caloric    8ea  Caloaic. 

ZIMOMB.  The  gluten  of  wheat,  treated 
by  akohol,  is  radwoed  to  the  ihhd  part  of  ite 
bulk.  Thia  dhnintttkm  fa  owhig,  not  menly 
letheloseofgUadine^bnt  likewise  to  that  of 
water.  The  residue  is  afanome,  which  may 
be  obtained  pure  by  boiling  it  repeatedly  in 
alouhol,  or  br  digestmg  it  in  repeated  portions 
cf  that  htfoii  oold,  dU  it  no  longer  ^v«s  oat 
any  gliadhie.    See  OiiADiinB. 

Znnorae  thus  purified  has  ^  Ibtm  of  small 
gjlolMileB,  or  constitutes  a  shapeless  mass, 
which  is  hard,  tough,  destitnte  of  cdhesloD, 
andofanash'Whheedoor.  Whsnwashedin 
water,  it  reooyers  part  of  its  Tiseoaity,  and  be- 
comes quickly  brown,  i^en  left  in  oontact  of 
die  air.  It  is  epecifieally  hewrier  than  water. 
Its  mode  of  fermenting  is  no  longer  that  of 
l^nten;  for  when  it  putrefies  it  eriialoB  afttid 
Diinoas  odour.  It  dissdvcs  oompletdy  in 
naegar,  and  in  the  mfaend  adds  at  a  bofling 
tenperatuK.  Wltii  caustic  potash,  it  oom- 
taines  and  Ibnns  a  Idnd  of  soiqp.  When  put 
Into  lime  water,  or  into  the  sdotiona  of  die 
afloditte  carbonates,  it  beoemes  hasder  and  as- 
sumes a  new  .appeamooe  without  dissolviag. 
When  tinown  upon  red-hot  coals,  it  eiliales 
an  odour  shnlter  to  that  of  boxnbg  hair  o» 
hoofs,  and  buns  widi  flama 

Zknome  is  to  be  fb«nd  in  sereral  parts  of 
vegetables.  It  pmdnees  ▼serious  kinds  at  fer- 
mentation, aceoraisg  to  the  nature  of  the  sub- 
atanee  with  which  it  comes  in  oontact 

ZINC  is  a  metal  of  a  bluish-white  colour, 
aomewhat  brighter  than  lead ;  of  considerable 
hafdness,  and  so  malleable  as  not  to  be  broken 
with  the  haamicr,  though  it  eannot  be  much 
extended  in  tins  way.  It  is  very  easily  ex- 
tended by  the  roUers  of  tlie  flatting  mill.  Ita 
sp.  gr.  is  from  0.9  to  7.S.  In  a  temperature 
between  210*  and  800°  of  F.,  it  has  so  much 
dnctilitT  that  it  can  be  drawn  into  wire,  as 
wdlas  laminatfid,  for  which  a  patent  has  been 
obtahied  by  Messm.  Hobson  and  Syhester 
of  Sheflield.     The  sine  thus  annealed  and 


letafaMdie  malleibility  it  had  lie 


When  braken  by  bending,  its  testore  ap. 
pears  as  if  composed  of  cubical  grains.  On 
aooDunt  of  iu  imperftet  malleabtUty,  it  is  ctiH. 
ficult  to  cedace  it  mto  small  pacts  br  filing  or 
hammering ;  but  it  may  be  granulated,  like 
the  malleable  metals,  by  pouring  it,  when 
ftised,  into  oold  water;  or,  if  it  be  heated 
needy  tomdthig,  it  is  dien  suffidcndy  brittle 
to  be  pnlTttized. 

It  melts  kng  before  ignitkm,  at  slioutthe 
700di  degree  of  IVdicenheit*s  thennometerf 
and,  eoon  after  it  becomes  red-hot,  it  bonis 
widi  a  daaaHng  white  fissne,  of  a  blwsbor 
ydlowish  thige,  and  k  oxidhnd  widi  such 
mpidity,  that  it  flies  up  m  tlie  ibrm  of  white 
flowers,  called  ihejhmert  cfsAme^  aphikaom 
fikkal  mooL  These  are  generated  so  {denti. 
Ailly,  that  the  aooesB  of  air  is  soon  intercepted  I 
and  the  oombustion  oeases,  uidsss  the  matter 
be  sthered,  end  a  considerable  heat  kqpt  up. 
The  white  oxide  of  imc  is  not  volatile,  but  is 
driven  up  merely  by  the  force  of  the  csmbus- 
tloD.  when  it  is  again  urged  by  a  strong 
heat,  it  becomes  eonverted  Into  a  dear  yellow 
glass.  If  zinc  be  heated  in  chieed  Tessds,  it 
rises  without  decomposifioB. 

The  oxide  of  rine,  aecording  to  the  expcri- 
BEiente  ef  MM.  Gay  Lunae  and  Bendins, 
eomdste  of  100 metal  -}-  2.44oxygen ;  whence 
the  prime  equivalent  mean  te  be  4.1.  Sir 
H.  Davy  makes  it  AA  fimm  his  owb  and  Ms 
btQdiet*s  experiments. 

When  aloe  is  burned  hidiiorine^  a  solid 
substsnee  Is  fanned  of  a  wfaitidi-gniy  ooleWy 
and  semitransparent.  This  is  the  only  <Ail»- 
lideof  line,  as  these  is'only  one  oxide  of  the 
metaL  It  may  likewise  be  made  by  hmting 
together  zinc  filings  and  corrosiye  sublimatl* 
It  is  as  soft  as  wax,  fusea  at  a  tempemtaie  a 
Utde  above  2120,  and  rises  in  the  gaseoBS^Dim 
at  a  heat  mncfa  below  dgnitien.  Ita  taste  Is 
intensely  acrid,  and  it  cenedes  die  skin,  it 
aete  upon  water,  and  dissolves  in  it,  prodncfaig 
much  heat;  and  ite  eolntiec,  ^decomposed  by 
an  alkali,  aibrds  the  white  hydrated  oxide  of 
sine  This  chloride  has  been  csUed  ImtUr  ef 
aimiOy  and  mufiaU  cfzin€»  From  the  experi- 
mentt  of  Dt.  John  Davy,  it  oonsiste  of  nesriv 
eqfual  weighto  of  smc  and  drisrine.  The  equi- 
valent proportione  appear  to  be,— 
Zmc  4.86  +  dibrine  4.6. 

Blende  Is  the  native  sulphuret  of  sine. 
•The  two  bodies  are  difficult  to  eombfaie  ord- 
fieally.  The  salte  of  sine  possess  the  follow- 
ing general  characters  t.^ 

1.  They  generally  yield  oohMiriess  soludooa 
with  water. 

2.  Ferronrossiate  of  potash,  hydTOSulphmet 
of  potash*  nydriodate  of  potash,  sulphuretted 
hydrogen,  and  alkalis,  occasion  white  predpi- 


8.  InAwkm  of  galls  produces  no  predpitete. 
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Tht  dilBtBd  tidBlnule  aeUldteolTeaslnct 
at  tlie  nme  tiine  ttiat  Af 


aalTait  is 


Ae  tanpoatiixe  of  tlw 

inoeaiedf    and   much   hydrogen 

undkMlTed  midne  it  kfl^  whish. 

M^  ntftf  oMia  It  ia  >  apataia  af 
I  omper.  Aa  the  eombintian 
of  the  fDl^uiic  add  and  the  oxida  pioofedi, 
tha  taonpetatiire  diminwhwi,  and  the  nilphate 
ofiiac,  whkhianaaRsalnUleinhottfaan  eold 
water,  begins  to  sraaiate,  and  diitiufo  the 
tnuunanncj  of  the  fluid.  If  moee  vater  be 
addeo^  the  ttlt  may  be  obtained  in  fine  piintfri 
tic  £Baz^ided  cryitaU.  Hie  ivhiie  vitriol,  or 
€opneeM»  naoally  Mid,  ii  matalliaBd  hastUy, 
in  tte  Mme  maanar  ai  loaf.aagMr,  whicfa  on 
thia  aoooont  it  iwembka  in  appeannoe ;  it  ia 
■lightly  effloreMent.  The  white  oxide  of  zinc 
IB  aoluUain  the  m^aric  add,  and  fotms  ifao 
aemeealt  as  ia  affofdad  by  sine  itself 

The  hydiQgen  gas  that  is  eztiintsd  from 
water  by  the  action  of  snlphuiic  add  CBixies 
«p  with  it  a  portion  of  xinc,  whidi  is  appa- 
lently  dissolved  in  it;  but  this  is  deposited 
spootuteoiialyy  at  least  in  part,  if  not  wholly, 
by  standing  It  bans  with  a  brighter  flama 
than  eonunon  hydrogen. 

Sulphate  of  zinc  is  prepared  in  the  hnga 
way  fiom  some  varieties  of  the  native  solphn- 
ret.  The  ore  is  rossted,  wetted  widi  water» 
and  exposed  to  the  air.  The  aulphar  attrscts 
oxygen,  and  is  conveiied  faito  sulphuric  add ; 
and  the  metal,  bemg  at  the  same  tmie  oxi- 
dized, oombineB  with  the  add.  Afts  some 
time  the  sulfdiate  is  extmctad  by  solution  in 
water;  and  the  solution  bdng  evaporated  to 
dryness,  the  mass  is  ran  into  moulcU.  Thus 
the  white  vinidl  of  the  shops  generally  con* 
taina  a  small  portion  of  iron,  and  aometunes 
of  lead. 

Sulphurous  add  dlmdves  zmcy  and  sulphu- 
retted  hydrooeQ  is  evolved.  The  solution,  by  ex. 
posuxe  to  the  air,  deponts  needly  crystals, 
whidi,  aeoording  to  Fourcroy  and  Vauquelin, 
are  sulphuretted  sulphite  of  zinc.  By  dis. 
solving  oxida  of  zinc  in  sulphurous  aod,  die 
pure  sulphite  is  obtained.  Thia  is  aolubla, 
and  crysbdlizaUa. 

Diluted  nitric  add  combines  nqndly  wiA 
zinc,  and  produces  mudi  heat,  at  the  same 
time  that  a  large  quantity  of  mtrous  air 
flies  off.  The  amotion  is  very  cauadc,  and 
aflbrds  crystals  by  evaporation  and  coding, 
which  sligfady  detonate  upon  hot  coals,  uai 
leave  oxide  of  zinc  bdiind.  This  salt  is  deli, 
quescent. 

Mmiatje  add  acts  very  strongly  upon  zinc, 
and  disengages  much  hydrogen ;  the  solution, 
when  evaporated,  does  not  afford  crystals,  bat 
becomes  gdatinous.  By  a  strong  heat  it  is 
partly  decomposed,  a  portion  of  tlM  add  bdnsr 
expelled,  and  part  of  the  muriate  sublimes  and 
condenses  in  a  congeries  of  prisms. 

Phoq»horic  acid  dissolves  dnc.  The  ^los. 
phate  does  not  crystallize,  but  becomes  gda- 


thioaa,  and  maybe  teed  hf  * 
The  oonoKte  phosphoric  add! 
filings  IS  decampoaed. 

fluoric  add  Ukswiiie  dianlvaa  sine. 

The  boradc  add  digeated  with  zinc 
Bstty  $  and  if  a  aoloiaQn  of  bsoK  be  added 
a  soferiOB  of  mnikie  srnilvia  afstee,  aia  i 
aoiable  bwate.of  zinc  is  tfaaowa  dova^ 

A  aduttoB  of  caibanic  add  in  wals  di 
aolvea  a  small  qoaatity  of  zinc,  and  moee 
dily  its  oxid&    If  theaohitaon  be 
the  sir,  athfai  iridssocnt  peOidbl 


Ob  its 


Theaoeria  add  readily  diaaalves  zfaie,  i 
yields  by  evapoiatioB  eryatak  of  aaelais 
zinc,  forming  niondMdal  or  hexa^^ 
These  are  not  altered  by  expMure  to  die  air,aBe 
iduble  in  water,  and  bora  with  a  bfaa  f 

The  socdnio  add  dissolves  nnc  wit! 
Tesceooe,  and  thaadation  yidds  long,  i 
Ibliatad  crystals. 

ZTmc  is  veadSy  dissolved  in  beaaoic  acid, 
and  the  aolutifln  yiddaneedlcshqiad  ciyslala» 
whidi  are  soli:dde  both  in  water  and  in  aleo» 
hoL  Heat  dcoomposes  them  by  valafUmag 
their  add. 

The  oxalic  add  atiadnzoMS  widiaviolatt 
efiervcscenoa,  and  a  white  powder  aoon  sob^ 
sides,  whidi  is  oxalate  of  zinc.  Ifoxalieadi 
be  dropped  into  a  solution  of  sulphate,  niisata, 
or  muriate  of  zinc,  the  saaae  nit  la  paecqpi- 
tatsd;  it  being  scaroely  solnUe  in  water,  ua. 
less  an  esoess  of  add  be  present.  It  eontans 
8eventy.five  pcz  cent,  of  mataL 

The  tartaric  add  likawiae  dissolves  dnc  widb 
d&rvesoenoe,  and  fiams  a  aait  diflioBlt  of  aola> 
tionin  water. 

The  dtric  add  attacka  zinc  widi  cffirvea- 
oenos,  and  small  brilliant  cryslala  afcitnte  of 
zinc  are  gradually  deposited,  which  are  fin* 
soluble  in  water.  Thdr  taste  is  styptic  and 
merallitf,  and  they  azecomposed  of eqnd  parte 
of  the  aod  and  of  oxide  of  zinc 

The  maUc  add  dissolves  zme,  aod  j 
beautifiil  crystds  by  emporatioo. 

Lactic  add  acte  upon  zinc  widi 
cenoe,  and  prodnoea  a  crystalUablasalU 

The  metallic  adds  likewise  comh^  with 
zinc;  Ifarsenicaddbepoanedoni^ancfler. 
vesoenoe  takes  phoe,  anenicd  hydrogen  gaa  is 
emitted,  and  a  black  mmder  fidls  down,  wfaMh 
is  arsenic  in  the  metallic  state,  the  sine  havfa^ 
deprived  a  portkm  of  the  srsenic,  as  wcfl  sa 
the  water,  of  ite  oxygen.  If  one  pert  of  dne 
fiUna  and  two  parte  of  dry  arssnia  add  be 
distiDad  in  a  retort,  a  violent  drtnnatian  tafca 
place  when  the  retort  becomes  red,  oosaaloBsd 
by  the  sudden  abaorptioa  of  the  oxygen  of  the 
aod  by  the  dnc  The  arseniate  of  dnc  any 
be  precipitated  by  poaring  arsenic  add  nao 
the  solution  of  acetate  of  zmc,  or  by  mixing  a 
sohitJoQofanalksline  acsoilate  with  thatof 
sulphate  of  zinc  It  is  a  white  powder,  iv- 
Bohibla  hi  water. 

By  a  similar  process  zinc  may  ba  < 
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-widi  tbe  molyUk  add,  and  wfch  the  0x160  of 
tungsteD,  the  tungitie  addof  aome,  with  both 
of  whidi  it  foraia  a  white  ioaolttble  compound ; 
and  with  the  dnomic  add,  the  lenilt  en  whidi 
oompound  is  equally  inaoluble^  but  of  an 
orange-ied  ooloai'. 

Zinclikewiaefimntioiiietiipleialta.  Thua, 
if  the  white  onde  of  line  be  boiled  in  a  solu- 
tioB  of  mnriate  of  ammonia,  a  coniidenble 
pcnrtkm  iidiiNtved;  and  though  part  of  the 
otzide  ia  again  depodted  as  the  solntioi&  cool% 
oomto  of  it  ranaina  combined  with  the  add  and 
alkali  in  the  sdntioo,  and  is  not  pncipitahla 
dthcr  by  puie  allodia  ot  ihdr  caibonatea. 
Thia  tiq^  nit  dooi  net  ayKalliae. 

If  the  addoloae  taitnte  of  potaah  be  boiled 
In  wMop  with  dnc  filingi,  a  triple  oompound 
win  beftnned,  wfaidi  is  very  soluble  hi  water, 
Imt  not  easily  crystalliaed.  This,  like  the 
precedingt  cannot  be  pndpitated  from  its 
aolution  dther  br  pure  or  carbonated  alkalis. 
A  triple  sulpbate  of  line  and  iion  may  be 
fonned  by  mixing  together  the  sulphates  of 
iron  and  of  zhic  dusolved  in  water,  or  by  dis- 
solving inm  and  dne  in  dilute  sulphuiie  add. 
TMb  sdt  crjrstalliaes  in  rhomboids,  wUdi 
nearly  resemble  the  sulphate  of  dnc  in  figure, 
but  are  cf  a  pale  gieen  colour.  In  taste,  and 
in  degree  of  adulniity,  it  differs  little  from  the 
aulpmrte  of  dnc  It  contains  a  much  larger 
proportion  of  sine  than  of  iron. 

A  triple  sulphate  of  dne  and  cobalt,  as  first 
noticed  by  liink,  may  be  obtained  by  digesting 
zafiie  in  a  solution  of  sulpbate  of  zinc.  Qn 
evaporation,  large  quadrflaterd  prisms  are 
obtained,  which  eflSoresce  on  exposure  to  the 
air. 

Zinc  is  predpitated  ftom  adds  by  the 
soluble  earths  and  the  alkalis:  the  latter  re. 
dissolve  the  predpttate,  if  they  be  added  in 
excess. 

Zinc  decomposes,  or  dters,  the  neutral  suU 
phates  in  the  dry  way.  When  fused  with 
sulphate  of  potash,  it  converts  that  salt  into 
a  sulphuret :  the  sine  at  the  same  thne  bemg 
oxidized,  and  partly  dissolved  in  the  sulphuret. 
When  pulvemed  dnc  is  added  to  fused  nitre, 
or  projected  together  with  that  sdt  into  a  red- 
hot  crudble,  a  very  violent  detonation  takes 
place;  insomuch  that  it  is  necessary  for  the 
operator  to  be  carefiil  in  using  only  small 
quantities,  lest  the  burning  matter  sbould  be 
thrown  about.  The  sine  ia  oxidised,  and  part 
of  the  oxide  combines  with  the  alkdi.  with 
which  it  fbrma  a  oompound  sduble  in  water. 

Zme  deoompoaea  common  salt,  and  also  sal 
ammooiae,  by  combining  with  the  muriatic 
add.  The  filings  of  line  likewise  deoompooe 
dam,  when  boiled  in  a  solution  of  that  salt, 
probably  by  combining  with  its  excess  of 
add. 

Zinc  may  be  combmed  with  phoapborus,  by 
pMjectii^  smaU  pieces  of  phosphorus  on  ttie 
zinc  mated  in  a  crudble,  the  dnc  being 
coveted  witii«  a  little  rasin,  to  prevent  its 


oxidaHiNi.  Fhosphmet  of  dne  ia  white,  with 
a  shade  of  Umah-gray,  has  a  metallic  lustt% 
and  is  a  little  malleable.  When  dnc  and 
phosphorus  are  exposed  to  heat  in  a  ntort,  a 
red  sublimate  rises,  and  likewise  a  Uuish 
sublimate,  in  needly  crystals,  with  a  metallic 
lustre.  If  dnc  and  phosphoric  add  be  heatsd 
together,  with  or  without  a  little  chaieoai, 
needly  eryatabaie  subliBied,  of  adlvcry.wfaitB 
coloQi.  An  llieae,  aeoordhig  to  Pdletier,  aie 
phesphoietted  oxides  of  sine. 

Most  of  die  metallic  combinations  of  mLdc 
have  been  already  treated  of.  It  forms  a 
brittle  eompoimd  with  antimony;  and  ita 
effects  on  manganese,  tungsten,  and  mdyb- 
dena,  have  not  yet  been  aaoertalned. 

An  all^  of  dnc  and  iron  has  been  coOeeted 
by  Mr.  Herapath  in  a  sine  mannfaetory  at 
BriatoL  It  Uned  the  tube  leadms  i^om  the 
retort.  It  was  hard  .and  brittle,  ue  fraemre 
ahowing  broad  facets  like  dnc,  but  of  a  duller 
gray  cdour,  with  saifaoea  more  rough  and 
granular.  Its  sp.  grav.  was  7*172.  It  eon- 
dstsd  of  93.6  dnc  +  7*4  iron  in  100.— PiU^ 
Magaxkne^  Ixii.  168. 

ZIRCONIA  was  first  discovered  in  the 
iazgon  of  Ceylon  by  Ekproth,  in  1789,  and  it 
hassmoebeenfbundinthejadnth.  To  obtain 
it,  the  atone  should  be  caldned  and  thrown 
into  odd  water,  to  render  it  friable,  and  then 
powdered  in  an  agate  mortar.  Mix  the  powder 
with  nine-parts  of  pure  potash,  and  project 
the  mixture  by  spoonfuls  into  a  red-hot  cru- 
dble, taldng  care  that  each  portion  ia  fused 
before  another  is  added.  Keep  the  whole  in 
fusion,  with  an  increased  heat,  for  an  boor 
and.  half.  When  odd,  break  the  crudble, 
separate  its  contents,  powder  and  bdl  In 
water*  to  dissdve  the  afkalL  Wash  the  in- 
soluble  part;  dissolve  in  muriatic  add;  heat 
the  sdution,  that  the  silex  may  fall  down; 
and  predpttate  the  siroon  by  caustic  fixed 
alkali  Or  the  drcon  may  be  predpitated  by 
carbonate  of  soda,  and  the  carbonic  add  ex- 
pelled by  heat. 

New  Prooeu  Jbr  preparing  pure  Zireoma. 
Powder  the  zircons  very  fine,  mix  them 
with  two  parts  of  pure  potash,  and  heat  them 
red-hot  in  a  silver  crudble,  for  an  hour.  TVeat 
the  substance  obtained  with  distilled  wator, 
pour  it  on  a  filter,  and  wash  die  insohible 
part  well;  it  will  be  a  oompound  of  siroonia, 
silex,  potash,  and  oxide  of  inm.  I>i8sdve  it 
in  muriatic  add,  and  evapoaate  to  dryness,  to 
separate  the  silex.  Redbsdve  the  muriates 
of^droonia  and  iron  in  water;  and  to  separate 
the  siroonia  which  adhaaes  to  ihe  silex,  wadi 
it  wiOi  weak  muriatic  add,  and  add  this  to 
the  sohition.  Fflter  the  fluxl,  and  predpitate 
the  siroonia  and  iron  by  pore  ammonia;  wash 
the jpredpttates  wall,  andtben  treat  the  hydratea 
with  oxdic  add,  boiSiig  them  wdl  tc^gether, 
that  the  add  ma^  act  on  the  iron,  retaining  it 
in  solution,  whilst  an  insoluble  oxaUte  of 
siroonia  is  foim^    It  iathsn  to  be  filtersd. 
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mA  dKdialitetiwuhirtjiuitHao  iiai  ««  be 
defected itt  the  imtartbitiifMMi.  TheMrtliy 
•mlate  is,  igbm  diy,  «f  an  opalin*  ooloai» 
After  bang  wflQ  waiidl,  it  is  to  bedevm- 
posed  bjhait  in  a  plotkum  cnidblo. 

TbiisobteinodftlMsiiioooiaispMfeotfjrpaR, 
bat  is  not  afibctad  bf  adds.  It  mvit  be  i^ 
«Dtad  on  bjrpotMb  as  beftn,  and  tiicniraAod 
mill  tbe  allcBtt  is  nnoved.  Afterwindi  dl^ 
aolTO  it  in  nratiatk  add,  and  predpitate  by 
anuDODJa*  The  bjFdnte  lluuwu  down,  vfacn 
vdl  wasfaod.  Is  pedbcOy  puo,  and  easily 
■dnbie  in  adds—JtfJf.  iMolf  4Mul  «ilMir«, 
jhm, it  aOmleei  de  JPAyt.  <iv.  p.  110. 

Zinon  ia  a  fine  white  mdir,  idtbonttaolo 
or  aneUfbntaoinowfantnanhtoCheloodi.  It 
h  inedable  in  «at«c  yet  tf liowly  diled,  it 
neaV^MSi  inie  a  eeodtnuiipenMit  y«Bowi4i 
mnsa,  liibe  gOBBpanbiB,  wUdi  mains  one-dmd 
llB  wa^  of  mtam.  U  anilee  with  all  tbe 
It  iainaolnble  in  pnealhalb;  bnttlM 
iibonmcaiiBBOItelt. 
the  blowpipe  it  does  not  n^dt,  bat  endti  a 
ydlowiih  pbosphorie  light.  Heated  in  a 
cmdUe  of  charcoal,  bedded  in  diavoool  pow- 
der, placed  in  a  stone  cmdbSe,  andeaqMoedto 
»  good  fb^pe  fine  for  Anne  hoino,  it  ondflvf^Dee 
apasty  fnsMn,  wfaidi  unites  its  paitides  into 
ag^  opaqne  maei^  not  truly  TilreoaBt  but 
mew  wngmWing  parr  ddn  In  Ala  state  k  is 
mflkluidy  katd  to  strike  iSMwith  sted,  and 
aoatob^aaBc  and  is  cf  tbe  epedfie  ^ru&y 
of  4-3. 

There  is  dw  aamo  evidence  for  bettevhig  that 
aneonia  is  a  compound  of  ametal  andosygen, 
as  that  affinded  by  the  aedonof  potaBsnim  on 
the  other  enrtha.  The  alkaliDe  metal,  when 
brought  into  ooniaot  with  Eiraoma  ignited  to 
whiteness,  is,  for  the  moot  part,  oonrerted  into 
potash;  and  dark  partides,  wMdi,  when  exa* 
mined  by  a  magnifying  glass,  appear  metaUic 
in  some  pasts,  oif  a  chooobrte-brown  in  others, 
asefiwoddiiiiisedthMNigh  the  potadi  and  the 
decof&ponnded  eardi. 

AcoordiDg  to  Sir  H.  Davy,  4.00  ia  the 
prime  equiruBnt  of  droonium  on  tbe  oxygen 
aoalc,  and  5>66  th»tof  droonia. 

Ziraonium  has  been  leoently  obtained  by 
M.  Beiaelius  by  »  method  cxiwtly  similar  to 
dmtfer  siHdnm.  SeeSiLicnrx.  Ziroomnm 
Is  ss  Uack  as  caiboo,  does  notozidiaein  water 
or  in  moriatie  add,  but  mtiw-nuixiatic  and 
fluoric  adds  dissolve  it;  the  last  with  the 
disengagement  of  hydnq^en.  Atatonpemtore 
but  sUghUy  elevated  it  bums  with  great 
intendty.  It  cembinss  with  sulphur.  Its 
snlphuret  is  of  a  dMsnut-brown  colour  like 
silidum,  and  insolnble  in  mufiatieadd  or  the 
alkalis.  It  buns  with  brilliancy,  prodadng 
sulphurous  add  gas  and  dreoflia.  Anm,  de 
Chhnie  et  de  Phyt,  xxvL  41 . 

ZOISITE.  A  8ub.<pode8  of  prismatiridal 
augite,  which  is  diyidea  into  two  kinds,  tbe 
common  and  fiiat>Ie. 

§  1.  CoMmoM  xoUUe,    Colour  ydlowish- 


^ny.  Ifaidv^  tn  ^ 
eonovedoBs,  and  oiyatslIfaKd  hi  very  < 
fo«-dM  prisms,  in  wfaidi  die  oblnse  1 
edges  are  often  rounded,  so  #iait  the  oyotals 
Ymt  a  reod-lUco  ftsm.  8lrfning,orgHswBiag 
and  resino-peaily.  Cleavage  4oubfe.  FVaCttnn 
sasall  gndned  uneven.  Feddy  cwnhscfBi. 
As  haad  as  qpidole.  Very  eaJBy  Hnn^Me. 
Sp.  gr.  8.S.  It  is  aflMad  by  the  Uowpipe, 
as  epidoto.  Its  oOnsdtnOnIs  «e,  dicn  4S, 
abonfaia  M,  ttne  ffl,  oxMe  of  Iran  &— 
KkproiK  AtdwSamdp  hiClaihuhia,ftii 
Ihnnd  imbedded  In  a  bed  of  quarts,  slong 
widi  eyai^  gw^  a»d  augile;  or  it  isfces 
the  pJUioe  of  fidsper  hi  a  gtanolar  rack, 
oemposcd  of  quarts  and  mica.  It  is  Ibnnd  in 
Olen-EIg  in  Inveniesi^Br«,  andbi  Shetkiid. 

J  t.  Friable  zoUHe.  Colour  ledfi^^riOte, 
ch  is  spotted  widi  prie  peads«Uoueni  lod. 
Masdve,  and  in  voiy  fine  looedy  aggregated 
concretions.  Poefaly  gfinunering. 
intemedialc  between  earthy  and 
Tmnshioent  ontbe  edges.  Soni- 
hsid.  Britde.  Sp.gr.  8.8.  Its  coiistHuesits 
are,  silica  44,  ahinina  88,  lime  90,  oxide  of 
iron  9.6^ — Kb^rothk  It  ooeoss  imbedded  ia 
green  talc,  at  Rade^rdMU  in  Cartethia. 

ZOOPHYTES.  Scaiody  any  dMnfcal 
experiments  have  been  puUishOT  on  ihe« 
interssdng  subjeels,  if  we  except  the  admirable 
dissertation  by  Mr.  Hstchett,  ia  the  PbOoas. 
phfical  Transactions  for  1800.  From  this 
diisertadan,  and  from  a  fbw  experiments  of 
Merat-GulHot,  we  learn  that  thehazd  aoSphytes 
are  composed  chiefly  of  three  nigrediaits : — 
I.  An  aidmal  substance  of  the  natuie  of 
coagulated  slbumen,  varying  in  ooosisteocy  { 
sometimes  bebg  gdatinons  and  alinost  liquid, 
at  othen  of  the  consistency  of  cartilage.  8. 
Carbonate  of  lime.    8..  Phosphate  of  lime. 

In  some  zoophytes  the  animal  matter  Is 
very  scanty,  and  phosphate  of  lime  wanting 
altogether ;  in  others,  the  animal  matter  ia 
abundant,  and  the  earthy  sak  pure  cariMnate 
iof  lime ;  while  in  others  the  snimal  matter  is 
mbundant,  and  the  hardening  salt  a  mixtuie  of 
earbonatte  of  lime  and  phosMiate  of  lime;  and 
there  is  a  fourth  daas  almost  deodmte  of 
earthy  sahs  altogether.  Thus,  there  are  fear 
dasses  of  aoophytes:  die  flrrt  resemble  nor. 
cdlaneousdidls ;  the  second  TeaemMe  modwr- 
of.peari  shdls;  the  diird  resemble  erasti; 
and  the  fourth  horn. 

I.  When  the  madrepora  virgimfa  is  im- 
mersed in  diluted  nitric  add,  it  eflavesces 
strongly,  and  is  soon  dissolved.  A  few  ge- 
latinous particles  float  in  the  solution,  which 
is  otherwise  transparent  spd  colouriess.  Am- 
monia precipitates  nothing;  but  its  carbonate 
dirows  down  abundance  of  carbonate  of  lime 
It  is  composed,  then,  of  carbonate  of  lime 
and  a  little  animal  matter.  The  following 
soophytes  yield  nearly  the  same  results ; — 
Madrepore  muricata, 
I     » labjrrinthica, 


zoo 
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Millepora  eerulea, 
^— ^—  alciconuB, 
Tubipoia  musica. 

2.  When  the  madrepora  ramea  is  plunged 
into  weak  nitric  add*  an  eficrvescencc  is  equally 
produced;  but  after  all  the  soluble  part  is 
taken  up,  tbere  remains  a  membrane  which 
retains  completely  the  original  shape  of  the 
madrepore.  The  substance  taken  up  is  pure 
lime.  Hence*  this  madrepore  is  composed  of 
carbonate  of  lime,  and  a  membranaceous  sub- 
stance,  which,  as  in  mother-of-pearl  sheik, 

'  retaina  the  figure  of  the  madrepoxe.  The  foiL 
lowing  sodpbytes  yield  nearly  the  same  re- 
sults:— 

Madrepora  fascicularls, 

MUlepora  ccllulosa, 
fasdalis, 

tmocaia, 

Iris  hippuris. 
The  following  substancea,  analysed  by  M^- 
rat^Gaillot,  belong  to  this  class  from  their 
composition,  though  it  is  difficult  to  say  what 
ame  the  iroecies  of  zoophytes  which  were  aniu> 
lyxed.  loy  red  corals  he  poobably  meant  tlie 
gorgonia  nobilU^  though  that  substance  is 
known,  from  Hatchett*s  aiudysis,  to  contain 
also  some  phosphate : — 

While        Red        2rticwlat«d 
coral.        coral.         onmRine. 
Carbonaieoflime,   50        53-5  49 

Animal  matter,        50        46-5  51 

loo      100^        100* 

3.  When  the  madrepora  pofymorpha  is 
steeped  in  weak  nitric  acid,  its  shape  con. 
tinues  unchanged ;  there  remaining  a  tough 
membranaceous  substance  of  a  white  colour, 
and  opaque,  filled  with  a  transparent  jelly. 
The  add  solution  yields  a  slight  precipitate 
of  phosphate  of  lime,  when  treated  with  am- 
monia, and  carbonate  of  ammonia  throws  down 
a  copious  precipitate  of  carbonate  of  lime.  It 
is  composed,  therefore,  of  animal  substance, 
partly  in  the  state  of  jelly,  partly  in  that  of 
membrane,  and  hardened  by  carbonate  of  lime, 
together  with  a  little  phosphate  of  lime. 

.*  Merat-Guillot,  Ann.  de  Chim,  xxxiv.  71*      si^sr. 


Fluttra  Miacea^  treated  in  the  fame  man- 
ner, left  a  nnely  reticulated  membrane,  which 
possessed  the  properties  of  coagulated  albumen. 
The  solution  contained  a  litde  phosphate  of 
lime,  and  yielded  abundance  of  carbonate  of 
lime  when  treated  with  the  alkaline  carbonates. 
The  coraUina  opuntia^  treated  in  the  same 
manner,  yielded  the  same  constituents;  with 
this  difference,  that  no  phosphate  of  lime  could 
be  detected  in  the  fresh  coralline,  but  the  solu- 
tion of  burnt  coralline  yielded  traces  of  it  The 
iris  ochracea  exhibits  the  same  phenomena, 
and  is  formed  of  the  same  constituents.  When 
dissolved  iH  weak  nitric  acid,  its  colouring 
matter  falls  in  the  stattf  of  a  fine  red  powder, 
neither  sduble  in  nitric  nor  muriatic  add,  nor 
dianged  by  them ;  whereas  the  tingdng  mau 
tcr  of  the  iulipora  tntuica  is  destroyed  by 
these  adds.  The  branches  of  this  iris  are  di- 
vided by  a  series  of  knots.  These  knots  are 
cartilaginons  bodies  connected  together  by  a 
membraneous  coat.  Within  this  coat  there  is 
a  conical  cavity  filled  with  the  earthy  or  coral- 
line matter ;  so  that,  in  the  recent  state,  the 
bninehes  of  the  iris  are  capable  of  considerable 
nootisn,  ^e  knots  answering  the  purpose  of 
joints.    See  Coilal. 

Mr.  Hatchett  analyzed  many  spedes  of 
sponges,  but  found  them  all  similar  in  thdr 
composition.  The  spongia  cancellata^  oculatOy 
infundXbulifirtniSy  pelmata,  and  officinaUsy 
may  be  mentioned  as  specimcrs.  They  con- 
sist of  gdatin,  which  they  gradually  give  out 
to  water,  and  a  thin  brittle  membranous  sub* 
stance,  which  possesses  the  properties  of  coa- 
gulated albumen. 

ZUiVlATES.  Combinations  of  the  zumic 
add  with  the  salifiable  bases. 

ZUMIC  ACID.    Sec  Acid  (Zumic). 

ZUNDERERZ.  Tinder  ore.  An  ore  of 
silver. 

ZURLITE.  A  mineral  occuning  in  rect- 
angular prisms  and  in  botroMal  mouses,  of  an 
asparagus  green  colour.  It  yiwlds  to  the  knife, 
but  emits  sparks  with  Fteel.  Sp.  gr.  3-274. 
Melts  with  burax  into  .i  black  glass.  It  is 
found   on  mount  Vesuvius  with   calcareous 
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APPENDIX. 


TABLE  /. — Dr,  JVoUastOHi's  Original  Nutnerical  TMt  of  Chemical  EqtHvaltmfs. 

Dr  Wo]laaton*8  numbers  represent  the  weights  of  the  atoms  of  bodies,  oiy^eo  being 

called  ten. 


1.  Hydrogen 

2.  Oxygen 

3.  Water 

4.  Carbon 

5.  Carbonic  acid  (20  oxygen) 

6.  Sulphur 

7.  Sulphuric  add  (30  oxygen) 

8.  Phosphorus 

9.  Phosphoric  add  (20  oxygen) 

10.  Azote  or  nitrogen 

11.  Nitric  add  (50  oxygen) 

12.  Muriatic  add,  dry 

13.  Oxymuiiatic  add  (10  oxygen) 

14.  Chlorine  4410  -|-  r.32  hydro- 

gen =  muriatic  add  gas 
15    Oxalic  add 

16.  Ammonia 

17.  Soda 

VI  Sodiuna  (  above— 10  oxygen) 
l'».  Potash 
2«).  Potassium  (above  —  10  oxygen) 

21.  Maj?ne6iu 

22.  Lime 

23.  CaJdum  (above  —  10  oxygen) 

24.  Strontitcs 
Barytes 
Iron 

Black  oxide  (10  oxygen) 
Red  oxide  (15  oxygen) 
Copper 
Black  oxide  (10  oxygen) 

2a.  Zinc 

Oxide  (10  oxygen) 

29.  Mercury 

Red  oxide  (10  oxygen) 
Black  oxide  (125*5  mercury) 

30.  Lead 

Litharge  (10  oxygen) 

31.  Silver 

Oxide  (10  oxygen) 

32.  8ub.carbonate  of  ammonia 
Bi-carbonate  (27*5  carbonic  add) 
Sub.carbonatc  of  soda 
Bi-carbonate  (27-6  C.  A.   -|- 

11-3  water) 
Subcarbonat£>  of  potash 


1:5 

26. 


27 


33. 


,']4 


1-32 
1000 
1132 

754 
27-54 
2000 
5000 
17-40 
3740 
17-54 
67-54 
3410 
4410 

45-42 

470 

21-5 

391 

291 

591 

491 

246 

35  46 

2546 

69-00 

97.00 

34-50 

4450 

4950 

4000 

5000 

4100 

5100 

125-50 

135-50 

26100 

129*50 

13950 

135-00 

14500 

40  00 

76-50 

66-60 

10550 
8600 


35. 
36. 
37. 

3a 
39. 

40. 

41. 
42. 


43. 

44. 
45. 

4a 

47. 
48. 
49. 
50. 


5L 
52. 

5a 

54. 
55. 
56. 
57. 

5a 

59. 
60. 
61. 
62. 
63. 
64. 

6-5. 

67- 


Bi-carbonate  (27-5  C.  A. 

11-3  water) 
Carbonate  of  lime 


-barytes 
lead 


Sulphuric  add,  dry 

Do.Bp.  gr.  1*850  (50  +  11-3 

water) 
Sulphate  of  aoda  (10  water  = 

113-2) 
Sulphate  of  potash 
Sulphate  of  noagnesia,  dry 
Do.  crystalUaed  (7  water   = 

793) 
Sulphate  of  lime,  dry 
Crystallized  (2  water  =:  2M4) 
Sulphate  of  strontites 

barytes 

— copper  (1  add  -|-  1 

oxide  +  5  water) 

_ iron  (7  water) 

sine  (do.) 


lead 


Nitric  add,  dry 

Nitric  add,  sp.  gr.  1-50  (2 

=  2264) 
Nitrate  of  soda 
potash 


lune 


barvtes 


-  baryi 
-lead 


Muriate  of  ammonia 

soda 

■  potash 
Oxymuriate  of  do.  (00  oxygen) 
Muriate  of  lime 

ytes 


-  baryt( 
-lead 

-  silver 


■  mercury 


Submuriate  of  do.  (1  add  -f-  1 

oxygen  4-  2  mercuiy) 
Phaophate  of  lead 
Oxalate  of  lead 
Bin-oxalate  of  potash 


125-50 

63410 

124-50 

167^ 

50-00 

61-30 

ats-se 

109-10 

74^ 

153-90 
85-50 
108-10 
IIMO 
147-00 

156^60 
173  80 
I60.2i> 
189-50 
67-54 

90-20 
106-61} 
136-60 
103-00 
164  50 
907-00 

73-20 
03-20 
153-20 
169-60 
131-00 
173-60 
179-10 
170^10 

296.10 
176-90 
186^50 
153-00 
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TABLES^  exMHikig  a  eoOrcfktf  View  o/att  tht  Prigwr^  Mixture*  contained  in 
Mr.  WalktrU  PMieatUm,  160a 

IL..7Vi&fe,  ecntittkig  ^FHgorifie  Mixtures,  having  the  power  of  generating  or  creating 
Coldy  xtiihout  the  Mof  Ice^  euficient  for  oB  uteftii  and  phUokpMcal  purpotee,  in  any 
part  of  the  World  at  any  Seaton, 

Frigortfic  Miztoxei  without  lofr 


MIXTURES. 

The^ometerl^k.             ^>^„2i'!  | 

Muiisce  of  BDunoniA                       5  pMts 
Nitxateofpotaib                             6 
WatCT          ...        16 

From  +  Sei'  to  +  10* 

400 

Muriate  of  ammonia                        5  parts 
Nitrate  of  potash                             5 
Sulphate  of  soda                             8 
Water          ...        16 

From  +  60<»  to  +  40 

46 

Nitrate  of  ammoDia                        1  part 
Water                                   .1 

From  +  500  to  +  40 

46 

Nitrate  of  ammonia        .                 1  part 
Carbonate  of  soda                            1 
Water           ...         1 

From  4-  60»  to  —  7* 

67 

Sulphate  of  soda                              Spurts 
I)iluted  nitric  add        •                  2 

From  +  SO'' to  —  3^ 

53 

Sulphate  of  soda                              6  parts 
Muriate  of  ammonia                       4 
Nitrate  of  potash                             2 
Danted  nitric  add                           4 

From  +  60«  to  —  100 

60 

Sulphate  of  soda                            6  parts 
Nitrate  of  ammonia                         6 
DQuted  nitric  add                          4 

From  +  600  to  ^  140 

64 

Phosphate  of  soda                           9part8 
Diluted  nitric  add                          4 

From  +  MO  to  _  120                  62 

Phosphate  of  soda                           9  parts 
Nitrate  of  ammonia                         6 
Diluted  nitric  add                            4 

From  +  50"  to  —  21* 

71 

Sulphate  of  soda                              8  parts 
Muriatic  add                                  6 

From  -1-  50«  to  0* 

50 

Suhphate  of  soda                              5  parts 

From  -I-  fiOo  to  -f  3» 

47 

N.  B. — If  the  materials  are  mixed  at  a  warmer  temperature  than  that  expressed  in  the 
Table,  the  effect  will  be  proportionably  greater;  thus,  if  the  most  powerful  of  these  mix- 
tures be  made  when  the  air  is  +  85o,  it  will  sink  the  thermometer  to  +  2o. 


UL^TABLE  coneiiting  ofFrigorifc  Mixturea^  compoted  of  Ice,  xrith  Oiemieal  Sa/tt  and 

Acidi. 

Frifforifie  Mixtures  with  Ice. 


MIXTURES. 

ThCTiDometer  slnlu. 

Den.  of  cold 
produeed. 

Snow,  or  pounded  ice                      2  parts 
Muriate  of  soda                               1 

r 

to— .50 

• 

Snow,  or  pounded  ice                       6  parts 
Muriate  of  soda                               2 
Muriate  of  ammonia                        1 

to  — 120 

• 

Snow,  or  pounded  ice                     24  parts 
Muriate  of  soda                             10 
Muriate  of  ammonia                       % 
Nitrate  of  potash                             0 

to  .—  180 

• 

Snow,  or  pounded  ice                    12  parts 
Muriateofsoda                              5 
Nitrate  of  ammonia                        5 

to— 250 

• 

800 

TABLE  IJi.  Ctmlmutd. 
Prig«rlflt  MlxtuM*  wttli  loa. 


MIZTCJRBS. 

TbenoBOBieter  aiaki. 

Dcff.ofeoM 

Snow      •                                    Sparta 
Dilated  sulphuric  add         .        3 

Fwm+Sa'to— 23° 

69 

Snow                                            8  parts 
Afiuiatfeadd                        .       6 

I'rom+32»to-27« 

m 

Snow                                    '7  parts 
Uihited  nitric  add       .         •    4 

Fiom-h32»to— 30« 

itt 

Snow                                           4  parti 
Muriate  of  Ifane                      .     5 

From  +  32*  to  — 40* 

n 

Snow                                            Sparta 
Cryst  muriate  of  lime                  3 

From +  320  to  — 50* 

82 

Snow            0                                3  parts 
Potaah            ....     4 

From  4- 32*  to— 61« 

83 

N.  B.— The  aeaaon  £ot  the  omiaakMM  in  Oie  last  odlimm  of  this  TaUe,  ^  the  tfaeBnometcr 
sinking  in  these  miztuiea  to  the  doaee  meati«ned  in  <fae  preceding  colimB^  and  never  \am^ 
whatever  may  be  the  tempenture  or  the  materials  at  mhdng. 

XV,^TABLJB  eoiukOmg  of  PtigoHJU:  Miaeture*  telecUd  from  the  foregoing  Tdikty  md 
conMmtd  §oa$to  incroate or  extend  Cold  to  tke  eaeiremeH  Degreee. 

Gontatauttloiii  of  Ftigorlfle  Mixtures. 


MIXTURES.                                      Thannometer  tlnks. 

Dig.oreflld 

produced. 

Phosphate  of  soda                           6  parts 
DUuted  nitric  acid        .        .        4 

From  0»  to  — 340 

34 

l^hospbate  of  soda                  •        3  parU 
Nitrate  of  ammonia       •                 2 
Diluted  mixed  adds                       4 

From  — 34«to— 60» 

!• 

Anow            ...         3  parts 
DUuted  nitric  add                           2 

FwmiO«to-46« 

40 

Soow                                               8  parts 
Dilated  sulphuric  add                    3 
DUuted  nitric  add        .        •        3 

FR)m«-I0>to^68* 

46 

Snow            .            .            •         1  part 
Dilated  sulphuric  acid                    1 

Fiom_20»to  — 80» 

40 

Snow                                              3  parts 
Muriate  of  lime            .         .         4 

From  4-200  to  — 48» 

68 

Snow                                              3  parts 
Muriate  of  lime            .            .     4 

From-|-IO«to— 64« 

64 

Snow                                               2  parts 
Muriate  of  lime                         •     3 

From— ld»to — 68« 

6S 

Snow                                     -        1  part 
Cryst  muriate  of  lime                   2 

FromO«to— eo> 

66 

Snow            ...         1  part 
Cry55t.  muriafeoflime          •          3 

From  — 40<»to^78» 

33 

Miow                                               8  parts 
Diluted  Hulpburic  acid              .    10 

Frora—6»>to— 91« 

23 

K.  B. — The  materials  in  the  first  column  are  to  j^  coded,  previously  to  nuxix^,  to  (he 
temperature  req  uired,  by  mixtures  taken  from  either  oY  the  preceding  tablea. 


V.^TABLB  qfCapaeUie$  qf  digkrmi  Subiiancet  far  Caloric, 


In  this  Table,  the  aathontlGS  are  marked  by  the  initiala  of  the  respective  aathcirtt*  names, 
C  Crawford:  iLJUnrant  Ir.  Irvine t  Q.  Gadolw:  L.  Lavouier:  W.  Wilckc:  M. 
Mejrer. 


1.  Hydrogen  gu 
8.  Oxygen  gas 
.  d»  Atmospheric  air     - 


Oassb. 

21-4000  G.      4.  Aqueous  vapour  -        .      1-5500  C. 

4-7490  *--      5.  Carbonic  add  gas  .        .  1-6454  — 

1-7900  -*      6.  Nitrogen  gas  -        -        -7936  ^ 


7*  Sdhition  of  carbonate  of  am- 

monia         ... 

1-8510  K. 

&  Solution  of  bcown  migpff     - 

1.08b*0~ 

IL  Alcohol  (1544)     . 

1.0860  — 

10.  Arterial  Hood 

1-oaooa 

11.  Water           -        .        . 

1-0000 

12.  Coir^s  milk       .        .        - 

.0900  0. 

IS.  enlphuret  of  ammonia    • 

•9040  K. 

14L  Solution  of  muriate  of  soda. 

ImlOofwatar 

*9960a. 

U.  Alcohol  (9-44)    .       .        . 

•0300  Jr. 

10.  Sulphuric  add,  dfluted  with 

10  of  water    •        •        . 

•9250  O. 

17*  flohition  of  muriate  of  aoda 

in  6-4  of  water 

9050  G. 

18.  ViDous  Mood 

•8928  C. 

IB.  Sa^huric  add,  with  5  paits 

of  water         .        .        • 

-8760  O. 

SO.  Mbitianofmariaoortodftin 

6  of  water 

-8680  0. 

SL  Nitric  add  (39)          .        . 

•8440  K. 

22.  Sohition  of  sulphate  of  mag^ 
loif 


nesiain2( 

23.  Solution  of  muriate  of  wda 

in&ofwater    .      •        « 

24.  Solution  of  mmiate  ^  soda 

in  3-33  of  water 

25.  Sohidon  of  nitrate  of  potash 

in  8  of  water 

26.  Sohition  of  muriate  of  iodft 

in  2-8  of  water    « 
27*  Sohition  of  muriate  of  am- 
monia in  1-5  of  water 

28.  Sohition  of  muriate  of  soda 

saturated,  or  in  2*69  of 
water         •        •        . 

29.  Solution  of  supertartrate  of 

potash  in  237-3  of  water  . 
80.  Sdution  of  carbonate  of  potash 
31  Colourless     sulphuric     add 

(51-55,56,57)      - 
32i  Sulphuric  add,  with  2  parte 

of  water         .        .        . 


•8440  -« 


'8200  O. 
•8167  14. 
•8020  O. 
•7980  K. 


•7930  O. 

7650  K. 
-7690  — 

-7680  — 


Liquids. 

33.  Solution  of  sulphate  of  inn 
in  2-5  of  water   .    - 

34.  Solution  of  suJ^hate  of  aoda 
in  2.90f  water    . 

35.  Oliveoa    .        .        .        • 

36.  Water  of  ammonia,  sp.  gr. 
0-997 

37.  Muriatic  add,  sp.  gr.  M29 

38.  Sulphuric  add,  4  parts  witii 
5  of  Iratcr      ... 

39.  Nitric  add,  sp.  gr.  1.20895 

40.  Solution  of  ^um  in  4-45  of 
water  ... 

41.  Mixture  of  nitric  acid  with 
lime,  9^  to  1 

42.  Sulphuric  add,  with  an  equal 
weight  of  water 

43.  Sulphuric  add,  4  parta  with 
3  of  water      .        .        • 

44.  Alcohol  (9-15) 

45.  Nittous  add,  sp.  gr.  1-354    • 

46.  lioseedea     ... 

47.  Spermaceii  oil  (63) 

48.  Sulphuric   add,  with 
water 

49.  OaoftttxpentiBe(52) 

50.  Sulphuric   add,  with 
water 

51.  Sulphuric  add  (31-55,56,57) 

52.  Oa  of  turpentine  (49) 

53.  Speimaoeaofl(47) 

54.  Red  wme  vinegar 

55.  Stilphttric  add,  cencentiated 
and  oolourlMS  (31) 

56b  Sulphuric  add,  sp.  gr. 

187058 
^7*  Sulphuric  add  (31-61)     - 

58.  Spermaceti  mdted 

59.  Quicksilver,  sp.  gr.  13-30 

60.  Quicksilveir    - 

61.  ^ 
62. . 


*of 


iof 


•7490  O. 


63.  Ice    . 

64.  -         ... 

66.  Oxhide  with  the  hair 
68.  Shem^s  lungs 

67.  Beef  of  an  ox     - 


Solids. 

-  -9000  K.    68.  Scotch  fir  wood  • 
-8000  Ir.    60.  Lime  tree  wood 

-  -TOTO  C    70.  Spruce  fir  wood  . 
•7610  —    71*  Pitch  pine  wood 

.    .7400  —    72.  Apple  tree  wood 


•7340  K. 


•7280  — 
•7100^ 

•7080  ..- 


•6631  L. 
-6613 

•6490  M. 

•6189  L. 

•6050  O. 

<6031  L. 

•6021  a 

•5760  K. 
•5280  -^ 
•5000  a 

•5000  O. 
•4720  K. 

•4420  O. 

•4290  a 

.4000  Ir. 
•3890  K. 
•3870-^ 

•3390  O. 

•3345  L. 
-3330  Ir. 
•3200  — 
•0330  K. 
•0290  L. 

•0290  W. 

•0280  Ir. 


-6600  M. 


-6000  — 
5800  — 
.6700  — 


73«  Aldenrood      ... 

74.  Scnile-IcavedjMik 

76.  Aih  wood        ... 

76.  Pear  tree  wood      - 

77*  Rice       .... 

78.  Hone-beanB 

79.  Duit  of  the  pine  tree 

80.  PeMe  •        .        -        . 

81.  Beech     .... 

82.  HornbeMi  wood    •        - 

83.  Birch  wood      ... 

84.  Wheit 

85.  Ehn        .        .        .        - 

86.  White  wax  . 

87*  Pedunculated  oak  wood 
88.  Prune  tree   •       •        • 
8a  Bbony  wood    ... 

90.  QokUime,  with  water,  in 

the  proportion  of  16  to  9 

91.  Badef         .       . 

92.  Oats       .        . 

93.  Chaiooalofhiidiwood(99) 

94.  Caibonateofmi^peflbi 

95.  Pnunn  bhia 

96L  Qnicidime,  latanited  widli 

water  and  dried 
97.  PHcoal 
9a  Artificial 
99.  Chanoal  (93) 

100.  Chalk  (108) 

101.  Rust  of  iron 
lOa  MThitedav 
lOa  White  o»de 

washed 

104.  Oxide  of  copper 

105.  Qnicklmie(107)  - 

106.  Muriate  of  soda  in  orystals 

107.  QuicUhne  (105)  - 
10&  Chalk  (100)    . 
109.  Crown  glasa 

lia  Agate,  sp.  gr.  2*648 

111.  Earthen  ware 

lia  CxystalgUtfs  without  lead  . 

lia  Cinders       ... 

114.  Sulphur 

lia  Ashes  of  cinders  • 

lia  White  glass,  sp.  gr.  2«386 

117.  White  day  burnt    . 


•5300  M. 
•5100  — 
•5100  — 
•5000  — 
•5060  C. 
.6020  — 
•5000  — 
•4920  — 
•4900  M. 
.4800  — 
.4800  — 

•4770  C. 

•4700  M. 
-4500  G. 
•4500  M. 
.4400  — 
•4300  — 

•4301  L. 

-4210  C 

•4160  — 

8950  e. 

•3790  — 


or  antimony 


•2800  a. 
•2777  c. 

•2640  G. 

•2631  C. 

.2564  -- 

•2500  — 

•2410  G. 

•2272  a 

.2272  — 
.2239  ^ 
•2260  G. 
.2168  L. 
•2070  G. 
•2000  Ir. 
'1950  W. 
•1950  K. 
•1929  L. 
•1923  C. 
•1890  Ir. 
•1855  C 
•1870  W. 
•1860  G. 


lia  BhM^lead      - 

119.  8uh>hur       ... 

120.  Oxide  of  antimony,  neaii^ 

fteeofair      ... 

121.  Rust  of  iron,  ditto,  ditto 

122.  Aflhes  of  dm  wood 

123.  Iron  (125.127,128.132)    - 

124.  Oxide  at  sine,  nearly  freed 

ikomair    ... 
12a  White castiron 
12a  White  oxide  of  anenie  • 
127.  Inm  (123.132) 
12a  Iron,  qp.  gr.  7^876 

129.  Cast  iron   abounding   in 

plumb^      ... 

130.  Sfardened  sted      - 

131.  Sted  softened  by  fire 

132.  Soft  bar  iron,  sp.  gr.  7-724 
13a  Brass,  sp.  gr.  8-356  (135) 

134.  Copper,  sp.  gi;  8^785  (196) 

135.  Brass  (133) 
13a  CoRMr  (134)  . 

137.  Sheet  iron    ... 
ISa  Zinc,  tp.  OB.  7-154  (143)  . 
ISa  White  oxide  of  tin,  neittly 
fieeofair  ... 

140.  Cast  pure  ooppcB,  heated  be* 

tween  rhamwil,  and  cooled 
dowty,  n.  gr.  7-907 

141.  Hammerea  ocqpper,  sp. 

9-160 

142.  Oxide  of  tin      -        .        . 
14a  Zhic  (138)     - 

144.  Ashes  of  duoeoal 

145.  Sublimated  arsenic 
14a  Silyer,  sp.  gr.  104)01 
147.  Thi  (152)     - 

14a  YeUow  oxide  of  lead  . 

149.  Whiteleod    - 

15a  Antimony         ... 

151.  Antunony,  sp.  gr.  6-107 

152.  Tm,  sp.  gr.  7-880  (147)     - 
15a  Red  oxide  of  lead  • 

154.  Gdd,  sp.  gr.  19-04     . 
15&  \^itrifled  oxide  of  lead     . 
15a  Bismuth,  sp.  gr.  9-861 
157*  Lead,  sp.  gr.  11.45 
15a  -«-        .... 


1890  a 
-1830  K. 

-1666  C 

-1666  — 

-1402  — 

•1450  It. 


«OT«>  "P-  8^ 


a 

•1320  a. 
1200  ~ 

'1269  C. 
1260  W. 

-1240  G. 
1290  — 
1200  — 
-1190  ^ 
•1100  W. 
•1140^ 
-1123  C. 
1111  ^ 
•1099  L^ 
.1020  W. 

.999  C. 


•990  G. 

•970  G. 
•960  K. 
•943  a 
•900  — 
•840  G. 
-820  W. 
704  C. 
.680  — 
•670  G. 
•645  ^ 
•630  W. 
MO  — 
•590  G. 
•600  W. 
-590  G. 
•430  W. 
.490  — 
•352   C 


The  abofe  capadties  of  the  gases  are  all 
baUy  more  or  len  hiooirect.    SeeCALOftic 


;  and  those  of  the  odHrbodieiaieixo* 


VL— CorrvJjpPM^MCtf  afihe  ThermomeUrt  qfFahnnheU  and  lUammut^y  and  that  qfCelHiUy 
or  A#  C(M%rtf^  Thermometer  afihe  modem  French  ChemUU. 


ViMlV. 

Keaum. 

C'chi. 

Fahr. 

Rawm. 

Celw. 

Kahr. 

><eauin. 

t>Ui. 

t'ahr. 

Hf.nim. 

(  rUi. 

21*2 

80 

100- 

148 

515 

64-4 

85 

23.5 

29-4 

22 

4.4 

55 

211 

795 

99-4 

147 

511 

63-8 

84 

231 

288 

21 

48 

61 

210 

79.1 

988 

146 

606 

633 

83 

226 

283 

20 

5.3 

66 

209 

786 

98-3 

145 

502 

62.7 

82 

222 

27.7 

19 

5.7 

72 

208 

78*2 

97.7 

144 

497 

62.2 

81 

21.7 

272 

18 

62 

7-7 

207 

77-7 

972 

143 

49.3 

61.6 

80 

213 

266 

17 

66 

8.3 

206 

77^ 

96.6 

142 

48.8 

61.1 

79 

208 

26.1 

16 

71 

88 

205 

768 

96.1 

141 

48.4 

60.5 

78 

20.4 

25.5 

15 

75 

94 

204 

76^ 

95.5 

140 

48 

60 

77 

20 

25 

14 

8 

10 

203 

76 

95 

139 

475 

59.4 

76 

195 

244 

13 

8-4 

10-5 

202 

75.5 

94-4 

138 

411 

588 

75 

191 

23-8 

12 

8-8 

111 

201 

75.1 

93.8 

137 

46*6 

583 

74 

18'6 

233 

11 

9.3 

116 

200 

746 

93.3 

136 

46.2 

67-7 

73 

182 

22.7 

10 

9.7 

122 

199 

74-2 

92.7 

135 

457 

572 

72 

17.7 

222 

9 

102 

12-7 

198 

73-7 

92.2 

134 

45.3 

566 

71 

173 

216 

8 

106 

133 

197 

73-3 

91.6 

133 

448 

56.1 

70 

168 

21.1 

7 

111 

13.8 

196 

72-8 

91.1 

132 

44.4 

55.5 

69 

I6.4 

20.5 

6 

115 

144 

105 

724 

90.5 

131 

44 

55 

68 

16 

20 

5 

12 

15 

194 

72 

90 

130 

43-5 

54-4 

67 

I6.5 

194 

4 

124 

155 

193 

7M 

894 

129 

43-1 

538 

66 

151 

188 

3 

12-8 

161 

192 

711 

88.8 

128 

426 

53.3 

65 

14-6 

183 

2 

13-3 

16-6 

191 

706 

883 

127 

422 

527 

64 

14-2 

17.7 

1 

137 

17-2 

190 

70-2 

877 

126 

41.7 

52.2 

63 

137 

17.2 

0 

142 

17-7 

189 

697 

872 

185 

41-3 

516 

62 

13-3 

166 

1 

146 

18-3 

188 

683 

866 

124 

40-8 

51.1 

61 

12-8 

161 

2 

151 

188 

187 

68*8 

861 

123 

40-4 

505 

00 

124 

15.5 

3 

156 

194 

186 

68-4 

85.5 

122 

40 

50 

59 

12 

15 

4 

16 

20 

185 

68 

85 

121 

895 

49-4 

58 

115 

144 

5 

164 

20-5 

184 

67-5 

84-4 

120 

391 

488 

67 

111 

13-8 

6 

16.8 

211 

183 

671 

838 

119 

38-6 

483 

56 

106 

133 

7 

17-3 

21.6 

182 

66-6 

833 

118 

38-2 

47-7 

55 

102 

127 

8 

177 

222 

181 

66-2 

827 

117 

377 

472 

54 

9.7 

12.2 

9 

18-2 

227 

180 

65.7 

822 

116 

37-3 

46.6 

53 

9.3 

11.6 

10 

186 

233 

179 

65-3 

816 

115 

368 

46.1 

52 

88 

111 

11 

191 

238 

178 

64.8 

811 

114 

36-4 

45.5 

51 

a4 

105 

12 

195 

244 

177 

64.4 

8O.5 

113 

36 

45 

50 

8 

10 

13 

20 

25 

176 

64 

80 

112 

355 

44.4 

49 

7.5 

9-4 

14 

20.4 

25-6 

175 

63.5 

79.4 

111 

351 

43.8 

48 

71 

88 

15 

20-8 

26.1 

174 

63.1 

78.8 

110 

34-6 

43.3 

47 

66 

83 

16 

218 

26-6 

173 

626 

788 

109 

34-2 

427 

46 

62 

7-7 

17 

217 

27-2 

172 

622 

77.7 

108 

33-7 

422 

45 

67 

72 

18 

22-2 

27-7 

171 

617 

772 

197 

33.3 

41.6 

44 

5.3 

6.6 

19 

226 

2«a 

170 

613 

766 

106 

328 

41.1 

48 

4.8 

61 

20 

23.1 

2«-8 

169 

60-8 

76.1 

105 

82*4 

405 

•42 

4.4 

5.5 

21 

23-5 

29-4 

168 

60.4 

75-5 

104 

32 

40 

41 

4 

5 

22 

24 

30 

167 

60 

75 

103 

31-5 

39.4 

40 

35 

4.4 

23 

244 

306 

166 

59.5 

74.4 

102 

3M 

388 

39 

31 

3.8 

24 

24.8 

31. 1 

165 

591 

738 

101 

80-6 

383 

86 

2-6 

33 

25 

26.3 

31-6 

164 

58-6 

73.3 

100 

302 

377 

37 

22 

27 

26 

25.7 

322 

163 

58-2 

72-7 

99 

29-7 

372 

36 

1-7 

22 

27 

262 

32-7 

162 

67-7 

722 

08 

29-8 

366 

85 

13 

16 

28 

266 

33.3 

161 

57-3 

71-6 

97 

28-8 

36.1 

84 

08 

11 

29 

27.1 

338 

160 

56-8 

711 

96 

28-4 

35.5 

33 

04 

05 

30 

27.5 

34.4 

159 

56.4 

705 

95 

280 

35 

32 

0 

0 

31 

28.4 

36 

158 

56 

70 

94 

27-6 

34.4 

31 

0-4 

06 

32 

28 

35-6 

167 

55.5 

69-4 

93 

271 

338 

30 

08 

M 

33 

28-8 

36  1 

156 

551 

68-8 

92 

26-6 

33.3 

29 

13 

16 

34 

29.3 

366 

155 

546 

68-3 

91 

26-2 

327 

28 

1-7 

22 

36 

29-7 

372 

154 

54-2 

67-7 

90 

25-7 

322 

27 

22 

2.7 

36 

302 

377 

153 

53.7 

67-2 

89 

26-3 

316 

26 

26 

3.3 

37 

306 

:;83, 

152 

53-3 

66-6 

88 

248 

3M 

25 

3.1 

3.8 

38 

311 

38-8 

151 

528 

66-1 

87 

244 

30.5 

24 

3.5 

4.4 

39 

31-6 

39-4 

150 

52-4 

65*5 

86 

24 

30 

23 

4 

6. 

40     32 

40 

149 

52 

65 

• 

!           f 

TABLE  Vn^^^Of  thi  Bhtik  Foree  of  the  Vtptmr  rfWater  t»  indim  ^M^r^my^ 


rcmp. 

Force. 

Temp. 

Poree. 

Teinp. 

Force. 

Tiwp. 

Foree.     Temp. 

Tone, 

Temp. 

FORK. 

240 

0-170 

116» 

2820 

I960 

21-100 

242« 

58-600 

270« 

86.300 

295.0»|  130^00 1 

32 

0-200 

120 

3-300 

200 

23  600 

246 

56840 

271-2 

88-000 

295 

12M0O 

40 

0-260 

125 

8830 

206 

26.900 

246-8 

57-100 

278-7 

91200 

2971 

133^900 

60 

0*360 

130 

4366 

210 

28-880 

2486 

60.400 

276 

93-480 

298-8 

137-400 

6A 

0-410 

136 

•  070 

212 

30-000 

260 

61.900 

276-7 

94-600 

300 

139700 

00 

0616 

140 

6770 

2106 

33-400 

261-6 

68.600 

2779 

97-800 

300^6 

140.900 

06 

o«:io 

146 

6000 

820 

36-540 

254.6 

66.700 

279-6 

101600 

902 

144.300 

70 

0-726 

150 

7-630 

2216 

36.700 

266 

67260 

380 

101.900 

303^8 

147.700 

75 

0-860 

156 

8600 

226 

39-110 

267-6 

69.800 

2818 

104.400 

305 

160L6O0 

80 

1010 

too 

0600 

2208 

40.100 

260 

72.300 

2838 

107-700 

906-8 

164.400 

85 

M70 

166 

10.800 

230 

4;moo 

2604 

72.800 

8862 

112.200 

308 

157.7«> 

90 

1.3fK) 

170 

12.050 

2306 

43.500 

262-8 

76900 

287-2 

1U.800 

310 

161.300 

96 

1640 

175 

13660 

2:i4-6 

4&d00 

2S4.9 

77.900 

289 

lia200 

311-4 

164.800 

100 

1.8f>0 

180 

16.160 

236 

47220 

266 

78.040 

290 

120.160 

312 

167-000 

105 

2-100 

185 

16900 

238-6 

60.300 

267 

81.900 

2928 

123100 

Another  flxpcrin). 

110 

2-466 

190 

19000 

240 

61.7'K) 

269 

84.000 

294 

126-700 

3120   1166-6 

TABLE  Via — Of  the  ElaHic  Forces  of  ike  Vapomrt  ftf  Akokoi^  Ether,  Oil  rf 
Turpentine^  and  Petroleum,  or  yaphthA,  by  Bv.  Use. 


Ether. 

Alcoh.aji.gr.  0.81  S 

Mcoh.»p.gr.<».8ift. 

l*ctToIfcum. 

Temp. 

1 '  ■ 

Force  of 
Vapour. 

Temp. 

Force  of 
Va|Kmr. 

Temp. 

Force  of 
V«[x>ur. 

Temp. 

Force  of 
V»po«r. 

34* 

6-20 

320 

0-40 

19330 

46-60 

310» 

904W 

44 

8-10 

40 

0.66 

106.3 

6010 

320 

31-70 

64 

10-30 

46 

070 

200 

6300 

926 

94410 

fi4 

1300 

60 

0.86 

206 

60-10 

330 

9640 

74 

10-10 

66 

1.00 

210 

65  00 

336 

38-90 

84 

20.00 

60 

123  , 

214 

69  30 

340 

41-60 

94 

24.70 

65 

149 

216 

7220 

346 

44.10 

104 

80.00 

70 
76 

176 
210 

220 
225 

78-50 
87-60 

360 
356 

46-86 
60.90 

iii  I 

ilher. 

bO 

245 

230 

9410 

960 

63^ 

86 

2-93 

2;S2 

9710 

365 

6690 

105 

30-00 

90 

340 

236 

103  60 

370 

0070 

110 

3254 

95 

390 

238 

106-90 

372 

6190 

115 
120 

35»0 
39.47 

100 
106 

460 
620 

240 
244 

11124 
116.20 

376 

04.00 

126 

4324 
47-14 

110 
115 

6-00 
7-10 

247 
248 

12210 
12610 

Oil  of  T 

urpentiDa 

Force  of 

135 
140 

61.00 
6G.f>0 

1  120 
125 

810 
9-25 

249-7 
250 

18140 
13290 

Temp. 

Vapour. 

U'y 

62-10 

130 

10*60 

252 

18860 

3040 

3000 

160 

67.60 

135 

12-15 

254-3 

14370 

3076 

8260 

in.'i 

73.00 

140 

1890 

258-6 

}61.60 

310 

3360 

1(J0 

80.30 

146 

15.95 

260 

15620 

315 

35.20 

106 

Ofi.40 

150 

1800 

862 

161.40 

320 

87-06 

170 

02.«0 

155 

2080 

264 

16610 

322 

37-80 

175 

9910 

160 

2260 

326 

40-80 

If  JO 

lOa.30 

K» 

26.40 

330 

42.10 

185 

11  (MO 

170 

28.30 

336 

46-00 

190 

I24.?i0 

173 

30.00 

340 

47.30 

105 

1:1370 

178-3 

:i3.50 

343 

4940 

200 

M2«0 

IHO 

34.73 

347 

6170 

205 

lol.oO 

H«.3 

3640 

360 

63.80 

210 

16«00 

;  185.3 

3990' 

364 

66.60 

,  190 

43.20 

• 

1 

367 
300 

68.70 
60.80 

362 

62.40 

825 


TABLE  IX.- JVc»  Fraii^  Wtightt  and  Ueaaura  {commuted  hy  Dr.  Ure).- 

h—Meaturet  cf  Length  :  the  Metre  hdng  at  32<»,  and  the  Foot  at  62«. 

English  inchea. 

MOlimetre  »  •08937 

Centimetre  s=  -39371 

Decimetre  k  3'93708 

Metoe  •  =  39-37<^9           Mil.  Fur.    Ydt,  Feet.       In. 

Decametre  =  393-70790    =    0      0  '     10    2      9-7 

Hecatomeue  =  3937-07900    "^    0      0      109    1       1078 

KUometre  =r  39370-79000    —    0      4      213    1     10-3 

Myriometre  =  393707-90000    =    6      1       156    0      9-17 

2.-  -  Meatuff  of  Capacity  t  Cubic  inch  contains  252-5  Imperial  graim  of  wxter^  at  02°. 


MOlJliire 

Centilitre 

Decilitre 

litre 

Decalitre 

Hecatolitre 

Kilolitre 

Myriolitre 


CuUelachM. 

0-06U2 

0*01120 

6-11208 

61-12079 

611-20792 

011207920 

61120-79208 

611207-92080 


Imperial, 

GalloDi.  Pints. 

0  1-76377 

2  1-4464 

22  0-2640 
220-47 
2904-71 


Milligramme  «= 
Centigramme  = 
Decigramme  = 
Gramme  = 

Decagramme  ss 
Hecatogramme  ss 
Kilognunme  =s 
Aljrriogramme  = 


3. — Measttret  of  Weight, 

English  grains. 
-0154 
•1543 

1-543.H  Avoirdupois. 

15-4330  Pound. 

I54'3300  =      0.022 

1543-8300  =d      0*220 

16433-OOqO  =       2204 

154330-0000  .s    22047 


TABLE  X.'^CorrespoHdence  i^ English  Weights  andMeaitisr$with  those  used  in 
Prance  btfare  the  lUoolntion, 

§  1 — WeighU. 

The  Paris  pound,  poids  de  marc  of  Charlemagne,  contains  9216  Paris  grains ;  it  is  divided 
into  16  oonoeis  each  ounce  i^to  8  groR,  and  eadi  gros  into  72  gnins.  it  is  isqnal  to  7561 
English  troy  grains. 

The  £ngli2i  troypouxid  of  12  ounees  eontaina  6700  English  tioj  ipoDs,  and  is  equal  to 
7021  Paris  grains. 

The  £ng^  avoirdupois  pound  of  10  ounce*  oontains  7000  Engliah  tvoj  grains,  and  is 
equal  to  8532-5  Paris  grains. 

To  reduce  Paris  grains  to  English  tioy  grains,  divide  by      )  i  .0100 
English  croy  gtains  to  Pkuii  gnina,  multiply  by  5  ^**^*>^ 
To  reduce  Paris  ounces  to  Engliah  tioy,  divide  by  }  ^  mr'T^u 

English  troy  ounces  to  Paris,  multiply  by  J  ivioia* 

§  2,'^Long  and  Cubical  Measures* 

To  reduce  P&ris  running  feet,  or  indbe%  into  Eoglish^  multiply  by  >  1.0^15077 
English  running  feet,  or  inches,  into  Paris,  divide  by      \  -VDoif// 

To  reduce  Paris  cubic  feet,  or  inches,  to  English,  multiply  by  ^ .  01 1070 

EngUshcubic  feet,  or  inches,  to  Paris, divideby  S  ^'^^'^^*^ 


*  Recently  detcmuncd  by  Captain  Kater  to  be  39-37079  inches.  (PliiL  Trans.  1818,  p.  109). 


TABLE  XL-^Correspondence  Utween  EngUsh  and  offier  Fordgn  Weights  and  Measvru, 
L^EnffiA  Weights  and  Measures. 


Troy  Wd^t. 

Pound. 

Otineea.    Draw.    Scruples.    Grains.       Oraimnea. 

1      = 

12   =  96  =   288  =  6760  =  37296 

1=8=     24  =480=    3108 

1  =       3  =      60  =      3-885 

1   =      20  =       1295 

1   =      0.06475 

Avoirdupois  Weight. 
Pound.     Ounces.     Dnna.        Graint.  Grammes. 

1     =     16  =  256  =  7000-  =     458-25 

1  =     16  =     437-6  =       28-328 

I  =       27-34375=         1-7705 

Mewuies. 

Gal.         Pints.  Ounces.      Dnns.  Cubic.  loch.  Litres. 

1     =     8  =  128  =  1024  =  =  3.78515 

1   =     16  =     128  =     [28-875       =  0-47398 
1  =        8  =        18047     =  0-02957 
1  =       0-2266     =  0-00396 
N.B.— The  English  ale  galloD  contuns  282  cubiod  inches. 
The  wine  gallon  contains  58176  Troy  ^ains ;  and  the  wine  pint  7272  Troy  grains. 

ll^..uGerman, 

71  lbs.  or  grs.  English  troy  =  74  lbs.  or  grs.  Grerman  apothecaries'  weight. 

1  OS.  NuTembeig,  medic,  weight  =  7  dr.  2  sc  9  gr.  English. 
1  mark  Cologne    •    •    •    •    •   =s  7  os.  2  dwt  4  gr.  EngUsh  troy. 

llL^Dutch. 

1    lb.  Dutch  s         1  lb.  3  OK.  16  dwt.  7  gr.  English  troy. 
787ilbe.  Dutch  ae  1038  lbs.  English  troy. 

IV.-i-^»eilM  Weights  and  Meamresj  vsed  fty  Bergmatm  smd  Seheclc. 

The  Swedish  pound,  which  is  divided  like  the  Engflish  apothecary  or  troy  pound,  weighs 
6566  giB.  troy. 

The  kahne  of  pure  water,  acoordinff  to  Bcqpnann,  weighs  42260  Swedish  grains,  and 
occupies  100  Sweffish  cubical  inches.  Henoe  the  kanne  of  pure  wafer  weighs  48068-719444 
£n(^h  troy  grains,  or  is  equal  to  189*9413  English  cubic  UMfaes;  and  die  Swedish  knghu- 
dinal  inch  is  equal  to  I  -238436  EngUsh  longltu&ial  inches. 

Bv  Evenurd's  experiment,  and  the  proportions  of  the  English  and  French  foot,  as  estaUiihcd 
by  ttie  Royal  fiodety  and  French  Academy  of  Sdenoes,  the  following  numbos  sr  ascer. 
tained: 

Fttis  grains  in  a  Paris  cube  foot  of  water  at  66"*  F.  =  646611 
Endidi  ffsains  in  a  Paris  cube  foot  of  water    •    •    3=  629922 
Paris  gnmis  hi  an  English  cube  foot  of  water  •     •    «>  633247 
English  grains  in  an  Ei^lish  cube  foot  of  water   •    =s  437489-4 
English  grams  in  an  English  cube  indi  of  water  •    =:        863-176 

As  s  cubic  foot  of  w«tar  weighs  veiy  nearly  1000  ounces  avairdiipois,  the  specific  gra- 
vities of  bodies  emess  fhe  ounces  m  a  tubic  foot  of  them,  the  density  of  waler  being 
caUed  1000. 
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TABLE  Xn^Qf  t^  Sohimiy  of  torn  SoHdi  l»  Waier. 

SolubiUty  in  100  Parts  Water. 

XAXE8  OF  SALTS. 

Ateo« 

At212« 

Acidt. 

Arsenic 

150 

Benzoic 

0*208 

417 

Boracic 

2 

Camphoric 

104 

8-3 

Cifric 

138 

200 

Gallic 

8*3 

66 

Mucic 

0-84 

1-25 

Molybdenk 

Oxalic 

00 

0.1 
100 

Suberic 

069 

50 

Sacdnic 

4    . 

50 

Tartaric     ...... 

Verysoluhle 

ShUJuaU  hates. 

Baiytes 

6 

50 

67 

Unlimited 

Lime     ' 

02 

Potaah               

Verysdlnhle 

Soda 

do. 

Stnmtites            

0^ 

qyslalHued     .... 

1-9 

50 

SaUt. 

^^C6ta«e  Oi  aftkmonia    .... 

Very  soluble 

barytea 

do. 

Ume 

do. 

magnesia    • 

dou 

, 

potash 

100 

aoda 

VeryaolnUe 

■trontitea    • 

40 

Garbooate  of  ammomA 

+  30 

100 

barytea 

LisduUe 

lime       . 

do.      ,     ^ 

magnesia 

2    ..' 

potash 

M 

83 

soda       .        . 

AO 

+  100 

strantites 

Insoluble 

Camphonte  of  ammonia      • 

1 

S3 

barytas 

016 

lime 

04» 

potash 

33 

+  33 

Citrate  of  soda 

60 

lime 

Insoluble 

Cbloffirtaofbaiyles      * 

26 

+  85 

memny 

25 

potaah 

6 

40 

SoST    .     . 

35 

+  85 

MuiiatoofaininaDU 

33 

100 

isr  :  . 

20 
4^ 

+  20 

lime 

200 

magnesia 

100 

mercury 

5 

50 

gtish       . 

33 

_.    mm     ...  • 

0^         ^ 

8i8 


'U' A  «*^A    tfW    BaTIIC 

Solubility  in  100  Parts  Watec 

HANKS  vr  •AA»ll»* 

AtOOo 

At212« 

Altxriateoftoda        .... 

3642 

36.16 

itnotltei 

160 

Unlimited 

Nitrate  of  ammoDia 

60 

200 

baiytet     • 

8 

26 

lime         • 

400 

magneaia 

100 

+  100 

potash      « 

14-26 

100 

!oda 

33 

+  100 

strontitei 

100 

200 

Oxalate  of  strontitei 

0-A 

Phosphate  of  ammonb 

36 

+    2« 

barytes 

0 

0 

limea 

0 

0 

nagncaU 

es 

potash 

Very  solubte 

Mda 

26 

60 

StXODtitM 

0 

0 

Phosphite  of  ammoniB 

60 

+     60 

barytes 

o2-* 

potash 

33 

+    83 

Sulphate  of  ammonia 

60 

100 

baiytes 

0.002 

eopper 

26 

60 

iron 

60 

+  100 

lead 

0-A 

lime 

02 

0.22 

magnesia 

100 

133 

potash 

6*26 

20 

£oda 

87 

126 

stniotitts 

0 

002 

Sulphite  of  ammonia 

100 

lime 

0126 

magnesia 

6 

potash 

100 

soda 

26 

100 

Saocholactate  of  potash 

12 

soda 

20 

Suh-borate  of  soda  (boiax) 

8.4 

16.8 

Super-sulphateof  aluminaand  potash  (i 

ilum) 

6 

133 

potash     • 

60 

+  100 

Super-^oxalate  of  potash     • 

10 

tartrate  of  pottth     • 

H 

»i 

Tartrate  of  potash 

26* 

and  soda 

20 

6.6 

33 

See  Salt. 


yAMKA  OF  SALTS. 

D&T  SALT  nr  100. 

Acetate  of  soda 

60 

Kitrate  of  soda 

60 

Hochelle  salt  • 

00 

Nitre 

74 

As  unate  of  atninoBia 

60 

Sulphate  of  nickel 

65 

Tartrate  of  potash 

08 

Muriate  of  soda 

30 

]Nitrateofstrontites     • 

53 

Sulphate  of  magnesia  • 

57-6 

Supersulphate  of  potash 

? 

Borax 

52.5 

? 

Carbonate  of  soda 

? 

Muriate  of  haiytes 

45 

45 

Alum              * 

52 

Oxalate  of  potash 

40 

Oxalate  of  ammonia    • 

29 

JPtussiate  of  potash      • 

55 

Chlorate  of  potash 
Boradcacid    . 

40 

? 

Sulphate  of  potash  and  copper 

40 

Sulphate  of  copper 

45 

Sulphate  of  iron 

64 

Nitrate  of  lead 

52*5 

Acetate  of  lead 

415 

Sulphate  of  potash 

175 

Nitrate  of  barytes 

26-5 

Bitartrate  of  potash     • 

9-5 

Acetate  of  copper 

165 

Prussiate  of  mercuiy    • 

35 

Corrosive  sublimate     • 

? 

Sulphate  of  soda 

• 

315 

THE  END. 
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